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MEDLINE®/PubMed® Data Element (Field) Descriptions

Printer-friendly Version

This document describes the major elements (or fields) found on the MEDLINE display format for PubMed MEDLINE
records. Some elements (e.g., Comment In) are not mandatory and will not appear in every record. Other elements
(e.g., Author, MeSH term, Registry Number) may appear multiple times in one record. Some of the elements on this
list are searchable fields in PubMed. For searching instructions, see the Search Field Tags section of PubMed Help.
This document is supplementary information, to be used in conjuction with PubMed Help. MEDLINE/PubMed XML data
element descriptions are also available.

PubMed MEDLINE display elements are presented in this section in alphabetical order, except in the case of certain
elements that are closely related to one another.

Abstract (AB). ISSN (IS) Full _Personal Name as (EPS)
Copyright Information (CI) Issue (IP) Subject —
Affiliation (AD) Journal Title Abbreviation (TA) Place of Publication (PL).
Investigator Affiliation (IRAD) ||Journal Title aT), Publication History Status ~ (PHST)
Article Identifier (AID) Language (LA) Publication Status (PST).
Author (AU). Location Identifier (LID) Publication Type (PT)
Full Author (FAU) Manuscript Identifier (MID), Publishing_Model (PUBM)
Corporate Author (CN) MeSH Date (MHDA) PubMed Central Identifier ~ (PMC)
Comments/Corrections MeSH Terms (MH) PubMed Central Release (PMCR)
Date Completed (DCOM) || NLM Unique ID (JID) PubMed Unique Identifier (PMID)
Date Created (DA) Number of References (RF). Registry Number/EC (RN)
Date Last Revised (LR) Other Abstract (OAB) Number -
Date_ of _Electronic (DEP) Other Co_pyﬂgm (ocI) Substance Name (NM)
Publication — Information == Secondary Source ID (SI).
Date of Publication (DP). Other ID (0ID) Source (S0)
Entrez Date (EDAT) Other Term (OT) Space Flight Mission (SEM).
Gene Symbol (GS) Other Term Owner (0TO) Status (STAT)
General Note (GN) Owner (OWN) Subset (SB).
Grant Number (GR). Pagination (PG) Title (T1)
Invest?qator Name and Full (IR) Perspnal Name as (PS) Transliterated Title (IT)
Investigator Name (FIR), Subject — Volume (VI).
Abstract (AB)

English-language abstracts are taken directly from the published article. If the article does not have a published
abstract, the National Library of Medicine does not create one, thus the record lacks the Abstract element. If a
collaborating data producer has created an abstract, it will appear in the Other Abstract (OAB) field. This field may
be used in addition to or instead of Abstract.

Publishers have given the National Library of Medicine permission to use abstracts for which they claim copyright.
NLM does not hold copyright on the abstracts in MEDLINE. Users should obtain an opinion from their legal counsel for
any use they plan for the abstracts in the database.

Generally, there are no abstracts for records created before 1975. However, starting in April 2007 NLM began to add
abstracts from articles in PubMed Central (PMC) to the equivalent MEDLINE/PubMed citation record if that record
does not already contain an abstract. The abstracts are derived from the PMC scanning project which is digitizing the
back issues of participating PMC journals. As a result, additional records published prior to 1975 will contain
abstracts.

All abstracts are in English. Because data entry policies at NLM have changed over the years, abstracts in some
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records may be truncated, in which case one of the following phrases may appear at the end of the text enclosed in
parentheses:

ABSTRACT TRUNCATED AT 250 WORDS

ABSTRACT TRUNCATED AT 400 WORDS

ABSTRACT TRUNCATED (This message occurred infrequently once the maximum length was raised to
4,096 characters in 1996.)

Example:

AB - Many disorders may result in delay of language. . . .. The reason for
suggesting this diagnostic category is to stress that these children do initially
behave in a similar way to those who are peripherally deaf. (ABSTRACT TRUNCATED
AT 250 WORDS)

The maximum length of abstracts for records created after 2000 is 10,000 characters. Original policy on inclusion of
abstracts set a limit of 250 words for acceptance. Effective with the January 1984 data (i.e., NLM's ELHILL legacy
system 8401 Entry Month) two changes were made in this policy: 1) the word limit was expanded to 400 words for
abstracts from articles ten pages or more in length or from articles in the cofre journals identified by the National
Cancer Institute and 2) abstracts exceeding the 250- or 400-word limit are to be included in truncated form at the
end of the sentence closest to the word limit. The percentage of records with abstracts has increased over the years
as more publishers gave permission for NLM to include these data. A chart showing the number of MEDLINE records
containing abstracts in various segments of MEDLINE is available at: http://www.nlm.nih.gov/bsd/
medline_lang_distr.html.

Structured abstracts, describing key aspects of the purposes, methods, and results in a consistent way, are published
in some journals. The key aspects of structured abstracts are capitalized to stand out, e.g., BACKGROUND,
OBJECTIVES, METHOD, etc. The text is not broken into paragraphs. Structured abstracts were not truncated in the
past, even if they surpassed the previous 250 or 400 word limit.

Example:

AB - BACKGROUND: Superantigens produced by Staphylococcus aureus and
Streptococcus pyogenes are among the most lethal of toxins. Toxins in this family
trigger an excessive cellular immune response leading to toxic shock. OBJECTIVES:
To design an antagonist that is effective in vivo against a broad spectrum of
superantigen toxins. METHODS: Short peptide antagonists were selected for their
ability to inhibit superantigen-induced expression of human genes for cytokines that
mediate shock. The ability of these peptides to protect mice against lethal toxin
challenge was examined. RESULTS: Antagonist peptide protected mice against
lethal challenge with staphylococcal enterotoxin B and toxic shock syndrome
toxin-1, superantigens that share only 6% overall amino acid homology. Moreover, .

Table of Contents

Copyright Information (Cl)

Copyright Information (CI) associated with Abstract was introduced in 1999, and appears on a limited but increasing
number of records. This singly-occurring element contains a copyright statement provided by the publisher of the
journal and appears only on records supplied electronically to NLM by the publisher. This information is displayed at
the end of the abstract.

Example:

AB - ... Copyright 1999 Academic Press.

See also the related Other Copyright Information (OCI) field.
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Affiliation (AD)

The affiliation of the first author resides in this field. Starting in 1988, NLM began to include the address of the first
author's affiliation on the record. Originally, the address was intended to help differentiate between two authors of
the same name, not to provide detailed mailing information. It evolved that the institution, city, and state including
zip code for U.S. addresses, and country for countries outside of the United States, were included if provided in the
journal; sometimes the street address was also included if provided in the journal. In 1995, NLM began to add the
designation USA at the end of this information where the first author's affiliation is in the fifty United States or the
District of Columbia. Effective January 1, 1996, NLM includes the primary author's electronic mail (e-mail) address at
the end of the Affiliation field, if present in the journal. Starting in 2003 the complete first author address is entered
as it appears in the article with no words omitted.

Examples:

AD - Department of Anesthesiology, University of Virginia Health Sciences Center
Charlottesville 22908, USA. med2p@virginia.edu

AD - Departamento de Farmacologia, Facultad de Medicina, Universidad
Complutense de Madrid (UCM), 28040 Madrid, Spain.

AD - Center for Children With Special Needs, Children's Hospital, and the
Department of Pediatrics, University of Washington School of Medicine, 4800 Sand
Point Way NE, CM:09, Seattle, WA 98105-0371, USA. jneff@chmc.org

Table of Contents

Investigator Affiliation (IRAD)

The Investigator Affiliation (IRAD) occurs only for data created by one of our former collaborating data producers,
the National Aeronautics and Space Administration (NASA). It identifies the organization that the researcher was
affiliated with at the time the article was written and as published in the journal. Unlike the Affiliation field associated
with the Author field, this affiliation generally does not include detailed address information. This field is associated
with the Investigator Name (IR) field, also created by NASA.

Examples:

IRAD - Marquette U, Milwaukee, WI
IRAD - VA Med Ctr, Richmond, VA

Table of Contents

Article Identifier (AID)

This field is populated by the publisher. It may contain an identifier that links with records in the publisher's system.
The article identifier values may include the controlled publisher identifier (PII) or the digital object identifier (DOI).
It is most often used for LinkOut, and is not considered part of the citation source information.

Examples:

AID - S0272-7358(05)00023-1 [pii]
AID - 10.1016/j.cpr.2005.02.002 [doi]

Beginning in April 2008, DOI and PII data is included in the Location Identifier (LID) field. The information in the LID
field is considered part of the citation source.

Table of Contents
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Author (AU)

NLM's author indexing policy is explained in the Fact Sheet: Authorship in MEDLINE.

Limitations to the number of author names included in MEDLINE are as follows:

For records created during this time period, MEDLINE did not limit the number of

1966 - 1983: authors.

For records created during this time period, NLM limited the number of authors
1984 - 1995: to 10, with "et al." to indicate the existence of additional authors. This practice

began with citations created on October 29, 1983.

For journal issues published during this time period, NLM increased the number
1996 - 1999: of authors from 10 to 25. If there were more than 25 authors, the first 24 were

listed, the last author was used as the 25th, and the 26th and beyond became
"et al."

2000 - Present:

Beginning with journal issues published in 2000, MEDLINE does not limit the
number of listed authors.

Beginning in mid-2005, the various policy restrictions on number of author names entered in past years were lifted
so that on an individual basis, a record may be edited to include all author names present in the published article,
regardless of the limitation in effect at the time the record was first created.

Effective with 1992 date of publication, letters are indexed individually with authors rather than as an anonymous

group.

Note: Until 1990, NLM transliterated up to five authors' Cyrillic or Japanese names to the Roman alphabet. Since
1990, the first ten Cyrillic or Japanese names are transliterated. Chinese ideograms are not transliterated by NLM,
but if transliterations of the authors names are available in the journal article or table of contents, they are included
in the citation, even if that includes only one author in a multi-author article.

Format: last name followed by a space and up to the first two initials followed by a space and a suffix abbreviation, if
applicable, all without periods or a comma after the last name.

Examples:

McCrary SV
Smith AB 3rd

See Full Author (FAU) for more information on initials.

See also Corporate Author (CN).

Table of Contents

Full Author (FAU)

Beginning with articles with a publication year of 2002, PubMed records may include full names. BIOETHICSLINE
citations converted to MEDLINE citations in late 2001 have full names on citations prior to publication year 2002;
those data are found in the General Note (GN) field. Citations from the Kennedy Institute of Ethics (KIE) may have
full names in the Full Author field for publication dates of prior to 2002.

Full author names are entered when they appear in the author position of an article, usually on the title page of an
article. If only the last name and initials appear in the author position, then only the last name and initials will be
entered, even if a form of the fuller name appears elsewhere in the article or in the Table of Contents for the journal.

Author Initials:

Initials data are generated from the Data Creation and Maintenance System (DCMS) ForeName data element using
an algorithm. Here are the highlights of that algorithm:

« Only two initials are included. Initials are at the beginning of a name string or following a break (a space or

hyphen). Only capital letters in the ForeName elements are candidates for initials, except for the letter

following a hyphen. The letter following a hyphen is a candidate for an initial, unless the string following the

hyphen is "ichi."

« When the ForeName data element consists of only initials, there are spaces between initials.

5/15/25, 9:49 PM
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« An initial includes the following particles: da, de, del, do, dos, du, el, el-, and le. All particles except "el-" are

followed by a space and are preceded by a space or are at the beginning of the name string. If found, all
particles are converted to lower case when generated as part of the Initials data element.

« If the language of the article is Bulgarian, Russian, Serbo-Croatian (Roman), or Ukranian, then one initial may
be a 2- or 4-character transliterated mixed-case initial. Current, mixed-case transliteration values are: Dj, Lj,
Nj, Ch, Sh, Iu, Ia, Ie, Zh, Kh, Ts, Dz, Shch.

Examples:
Last Name Fore Name ‘ Suffix ‘ Initials
Melosh HJ 3rd HJ
Abrams Judith ]
Buncke Gregory M GM
Gonzales-loza Maria del R Mdel R
Dubuisson Jean-Bernard JB
Amara Mohamed el-Walid Mel-W
Shan Yu-fei YF
Krylov Ia K TaK
De Avila Luiz Francisco Rodriguez LF

Note that the end result of generating the Initials data is that the two initials are closed up with no space between,
even though there may be spaces elsewhere in the Initials string if one or both of the initials has embedded spaces.

There are some author names that have no initials. These are mostly Malaysian names, for which the entire name is
entered in the LastName DCMS data element.

The full name will display on the PubMed MEDLINE display format above the respective name field as in the following

example:

Example:

FAU - Foa, Edna B

AU - Foa EB

Note: When an author's name has been corrected from a published erratum, the corrected name is placed in the
Author field and the incorrect name that was originally published is retained in the last occurrence of the Author

field. In this case, there will be an associated commentary linkage.

NLM expended much effort to parse the data converted from the legacy ELHILL format at the end of the 2000
production year accurately. Many citations from the 1966-1974 timeframe were changed to follow data entry

conventions established later. For example, particles such as "van der" were moved from the suffix position to the
beginning of the last name, and the abbreviations "2d" and "3d" were changed to "2nd" and "3rd". It is possible to
have particles associated with initials, such as "Mdel R" for "Maria del R". It is also possible to have only a last name.

Some occurrences of author data in this category are in error and will be corrected manually as time permits.

For OLDMEDLINE records, every published author name is included in the list of authors for citations from the 1951 -
1959 Current List of Medical Literature (CLML) and for citations from the 1960 - 1965 Cumulated Index Medicus
(CIM). For citations from the 1950 CLML, a maximum of three author names were entered. OLDMEDLINE first and
last name author elements are in all upper case letters, except in some cases the particle is in lower case letters. A
suffix is in upper and lower case letters. OLDMEDLINE records do not contain collective or corporate names. A small
percentage of OLDMEDLINE records contain the last name only, because that is the only Author data present in the
abstracting and indexing tool used to create the record.

Table of Contents
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Corporate Author (CN)

This field identifies the corporate authorship of an article. Corporate Author (CN) was introduced in 2001. NLM's
author indexing policy is explained in the Fact Sheet: Authorship in MEDLINE.

These names enter MEDLINE exactly as they appear in the journal (except to delete initial articles such as The, A or
An). NLM will not edit the names to standardize them or translate them into English. NLM enters the Roman alphabet
words (e.g., German, French) into the Corporate Author field. Transliterated Russian or other cyrillic names are also
entered into the Corporate Author field, but for Japanese, Chinese, Hebrew, and Arabic, NLM puts the English
translation of the name into this field.

Example:

CN - Centers for Disease Control and Prevention

From 2001 to April 2006, the corporate author name displayed in PubMed citations as the last occurrence in the
author field, as a separate data element after any personal names. Effective May 2006, the collective author is
retained in the order of all authors found in the byline of the published article. See the May-June 2006 Technical
Bulletin article for details.

Citations prior to 1966, in general, have no indication of collective author unless they were created by NLM's data
creation partners. Citations from 1966 to 2000 with collective author field data contain that data in the Title field.
These records are generally those created by NLM's data creation partners, and are very few in number and typically
in the population or ethics subject areas. As they are encountered, these retrospective records may be individually
maintained to move the Corporate Author information from the Title field to the Corporate Author field.

Table of Contents

Comments/Corrections (See fields and field tags listed below.)

The data in these fields, listed below, are citations to associated journal publications, e.g., comments, errata, or
retractions. These data enable links between the record at hand and its associated citations.

MEDLINE records may contain one or more of the following. See more detailed information about the policy for each
type of comment or correction. To search PubMed for records with comments or corrections, see PubMed Help.

Comment or MEDLINE Display Description
Correction Type Field Tag P
cites the reference upon which the article comments;
Comment on (con) began use with journal issues published in 1989.
cites the reference containing a commentary about the
Comment in (CIN) article (appears on citation for original article); began
use with journal issues published in 1989.
. cites a published erratum to the article (appears on
Erratum in (EIN) citation for original article); began use in 1987.
Erratum for (EFR) cites the original article for which there is a published
erratum.
cites the final, correct version of a corrected and
Corrected and (CRI) republished article (appears on citation for original
Republished in article). Began use in 1987 as Republished in (RPI);
renamed in 2006.
Corrected and cites the original article subsequently corrected and
Republished from (CRF) republished. Began use in 1987 as Republished from
P (RPF); renamed in 2006.

Partial retraction cites the reference containing a partial retraction of the
in (PRIN) article (appears on citation for original article); began
use in 2007.

Partial retraction cites the article being partially retracted; began use in

of (PROF) 2007

5/15/25, 9:49 PM
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cites the subsequent (and possibly abridged) version of
Republished in (RPI) a republished article (appears on citation for original
article); began use in 2006.

cites the first, originally published article; began use in
2006.

cites the retraction of the article (appears on citation for

Republished from |(RPF)

Retraction in (RIN) original article); began use in August 1984.

Retraction of (ROF) iggithe article(s) being retracted; began use in August
. cites an updated version of the article (appears on

Update in (UIN) citation for original article); began limited use in 2001.

Update of (UOF) cites the article being updated; limited use; began

limited use in 2001.

cites a patient summary article; began use in November
2001 (these records contain Publication Type, Patient
Education Handout). See the article 'Patient Education
Handouts in MEDLINE®/PubMed®' in the NLM Technical
Bulletin at http://www.nIm.nih.gov/pubs/techbull/
ma02/ma02_new_pt.html for more information.

Summary for

patients in (SPIN)

cites a scientific article associated with the patient

Original report in |(ORI) summary,

The PubMed Identifier (PMID) of the associated record in PubMed is provided (if available) to create a link between
an article and its commentary.

Examples:

CIN - N Engl J Med. 2003 Jul 17;349(3):211-2. PMID: 12867604

CON - Dev Cell. 2002 Jul;3(1):85-97. PMID: 12110170

CRI - Orthop Nurs. 2003 May-Jun;22(3):232-9. PMID: 12872752

CRF - Biochemistry. 1994 May 10;33(18):5614-22. PMID: 8180186

EIN - Acta Obstet Gynecol Scand. 2003 Jan;82(1):102

EFR - J Arthroplasty. 2002 Jun;17(4):524-6. PMID: 12066289

RIN - J Biochem Mol Biol. 2002 Nov 30;35(6):642. PMID: 12476908

ROF - Ware FE, Lehrman MA. ] Biol Chem. 1996 Jun 14;271(24):13935-8. PMID:
8663248

SPIN- Ann Intern Med. 2003 Jun 3;138(11):160. PMID: 12779314

ORI - Ann Intern Med. 2003 Jun 3;138(11):907-16. PMID: 12779301

UIN - Cochrane Database Syst Rev. 2002;(3):CD003688. PMID: 12137706
UOF - Cochrane Database Syst Rev. 2002;(2):CD003680. PMID: 12076500

Occasionally, a note is added to the Comment or Correction. The note clarifies the data in the Comments or
Correction element. It is most often used with Erratum In for corrected author names. The following are some
possible notes:

e [added] is used when an author name is added to the citation as the result of a published erratum

e [removed] when an author name is removed

» [dosage error in published abstract; MEDLINE/PubMed abstract corrected] is used when there is a dosage
error in a citation abstract. Within the abstract, then there is a bracketed phrase that indicates where the
correction is: [DOSAGE ERROR CORRECTED]

» [dosage error in article text] when the dosage error is in the text portion of the article

e [abstract no. xxx only] for an erratum of a numbered abstract which is part of an overall citation

o [abstract by author names on page xxx only] when an erratum refers to an unnumbered abstract which is
authored and part of an overall citation. The author names and page numbers of the abstract are included.

o [abstract abstract title on page xxx only] when an erratum refers to an unnumbered abstract which is not
authored. In this case, the abstract title and page number are included.

In records from OLDMEDLINE, Comments In (CIN) is the only Comment or Correction found. Other comment or
correction elements may be used in the future.

See the NLM Fact Sheet "Errata, Retraction, Partial Retraction, Corrected and Republished Articles, Duplicate
Publication, Comment, Update, Patient Summary and Republished (Reprinted) Article Policy for MEDLINE®" at http://
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www.nlm.nih.gov/pubs/factsheets/errata.html for additional information.
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Date Completed (DCOM)

Date Completed is the date processing of the record ends; i.e., MeSH® Headings have been added, quality assurance
validations are completed, and the completed record subsequently is distributed to PubMed and licensees. This is
contrasted with Date Created, which is the date processing begins.

Format: YYYYMMDD

Example:

DCOM - 20020207

In Process records lack the Date Completed field. For OLDMEDLINE records, the Date Completed is the approximate
date the record entered PubMed, rather than the date processing ends. OLDMEDLINE records are created and
processed differently than MEDLINE records.

Table of Contents

Date Created (DA)
Date Created is the date that processing of the record begins.

Format: YYYYMMDD

Example:

DA - 20020516

This is contrasted with Date Completed, which is the date processing ends. Date Created is not the same as NLM's
PubMed Entrez Date (EDAT), which is the date the record entered PubMed.

For citations up to about the year 2000, the Date Created (DA) and Date Completed (DCOM) data elements are
identical. These dates were derived from NLM's legacy ELHILL system.

For OLDMEDLINE citations converted from the 1964 and 1965 Index Medicus (IM), Date Created represents the year
and month the citations were printed in the monthly Index Medicus, and the day will always be "01". All other
OLDMEDLINE records have a year based on the year of the printed index, the month is always "12" for December,
and the day is always "01".

Table of Contents

Date Last Revised (LR)

The Date Last Revised identifies the date a change is made to a record either as a result of individual or global
maintenance. There is no indication of what the change is on the record. Only the latest revision date is displayed.

Format: YYYYMMDD

Example:

LR - 20020320

When the 10 million+ MEDLINE records through the 2000 production year were converted to XML from NLM's legacy
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ELHILL system, all records were assigned a Last Revision Date of 20001218 (December 18, 2000). Subsequently,
many of these records have been or will be maintained and given a later (LR) date.

Table of Contents

Date of Electronic Publication (DEP)

The Electronic Publication Date is the date the publisher made an electronic version of the article available. In
January 2003, global maintenance was performed to add this element retrospectively.

Format: YYYYMMDD

Example:

DEP - 20050513

Table of Contents

Date of Publication (DP)

Date of Publication contains the full date on which the issue of the journal was published. The standardized format
consists of elements for a 4-digit year, a 3-character abbreviated month, and a 1 or 2-digit day. Every record does
not contain all of these elements; the data are taken as they are published in the journal issue, with minor
alterations by NLM such as abbreviations.

Examples:

DP - 2001 Apr 15
DP - 2001 Apr

DP - 2000 Spring
DP - 2000 Nov-Dec
DP - 2001

Table of Contents

Entrez Date (EDAT)
This field contains the date the citation was added to PubMed.

Format: YYYY/MM/DD HH:MM

Example:

EDAT- 2003/01/02 04:00

Table of Contents

Gene Symbol (GS): not currently input

This field contains the "symbol" or abbreviated form of gene names as reported in the literature. This element
resides in records processed at NLM from 1991 through 1995. Up to 25 occurrences per record may appear. NLM
entered the symbols used by authors; there was no authority list or effort to standardize the data.

Examples:
GS - dyrA
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GS - PYRE-F
GS - cpa2

Greek characters, superscripts, and subscripts may appear as part of the gene symbol. The code designations for the
Greek characters may be found at http://www.nlm.nih.gov/bsd/licensee/greek_characters.html.

Table of Contents

General Note (GN)

This field contains supplemental or descriptive information related to the document. The data in this field may be
preceded by the acronym for the collaborator who provided this information.

The acronyms and names are:

HMD History of Medicine Division, National Library of Medicine

National Information Center on Health Services Research and Health Care Technology, National Library of
Medicine

KIE Kennedy Institute of Ethics, Georgetown University
NASA National Aeronautics and Space Administration
PIP  Population Information Program; Johns Hopkins School of Health

HSR

Examples:

GN - KIE: Article and commentaries
GN - KIE: KIE BoB Subject Heading: health care/economics

Note: BoB Subject Headings are controlled subject vocabulary terms found in the Kennedy Institute of Ethics'
Bioethics Thesaurus under which citations print in their publication, Bibliography of Bioethics. The current format of
these data in MEDLINE is reflected in the second example beginning with "KIE Bob" or "KIE Bib".

Table of Contents

Grant Number (GR)

This field was introduced in 1981 and is comprised of four parts (modified from three in December 2007 and
reordered in 2009):

1. Number contains the research grant or contract number (or both) that designates financial support by any
agency of the United States Public Health Service, any institute of the National Institutes of Health, or other
organization. The data are generally recorded exactly as they appear in the published article*; there is no
attempt to standardize the numbers.

2. Grant 2-letter code contains the 2-letter grant code or acronym.

3. Agency includes the institute acronym or mnemonic in the case of US PHS institutes, or full organization
name. As of 2009 this includes the agency's hierarchical structure from lower to higher entity, when known.
For example NCI NIH HHS for National Cancer Institute, National Institutes of Health, Department of Health
and Human Services.

4. Country contains the home country of the granting agency.

Examples:

GR - LM0577/LM/NLM NIH HHS/United States

GR - M0-1 RR07122/RR/NCRR NIH HHS/United States
GR - Wellcome Trust/United Kingdom

GR - 058423/Wellcome Trust/United Kingdom

GR - 067427/z/02/z/Wellcome Trust/United Kingdom

Grant numbers are added to the record only if the indexer has verified the grant information as published. The
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information is not based on the author's input in the author manuscript submission system.

A list of the possible values for the grant Acronym and Agency is available from: http://www.nlm.nih.gov/bsd/
grant_acronym.html. Please be advised that while NLM enters the grant number, acronym and agency values are
derived by using a machine algorithm against the grant number string. This may result in some inaccurate
derivations, but the overall benefit of supplying the separate acronym and agency was considered to be worth the
risk of some inaccuracies.

Effective for prospective citations indexed with MeSH as of June 2, 2005, the value Wellcome Trust is added if an
author acknowledges that the research was supported financially by this organization. Effective March 24, 2006,
Wellcome Trust grant numbers may also be added from data entered via PubMed Central, or from the published
article. The grant number may appear in either six-digit (e.g., 069355) or expanded (e.g., 067427/2/02/2Z) format.

With the implementation of the United Kingdom Manuscript Submission System in August 2007, NLM began adding
data for seven additional United Kingdom granting agencies. In early 2008, Howard Hughes Medical Institute was
added as a designated funding organization. The typical data available for Howard Hughes Medical Institute is the
name only; grant numbers are not generally part of the information.

Through 1999, NLM entered up to three grant numbers for each record. Beginning in 2000, NLM began to transition
to an unlimited number of grant numbers or contract numbers. Some MEDLINE citations from 2000 and 2001 may
still be limited to three grant numbers or contract numbers, but beginning in 2002, NLM does not limit the number of
grant numbers or contract numbers. Some collaborating partners record grant numbers for agencies outside the U.S.
Public Health Service in the General Notes field.

*In July 2006, NLM corrected a large number of NIH grant number prefixes which were entered with the letter O
(e.g., RO1) rather than the number 0 (e.g., RO1). This practice deviates with NLM's general policy that the data in
the online citation match what is in the published article.

Table of Contents

Investigator Name (IR) and Full Investigator Name (FIR)

Beginning in March of the 2008 production year, Investigator Name and Full Investigator Name fields are used to
contain personal names of individuals (e.g., collaborators and investigators) who are not authors of a paper but
rather are listed in the paper as members of a collective/corporate group that is an author of the paper. The same
name listed multiple times will be repeated because NLM cannot make assumptions as to whether those names are
the same person.

These fields also reside on MEDLINE citations created or maintained by one of our former collaborating data
producers, the National Aeronautics and Space Administration (NASA). They identify the NASA-funded principal
investigator(s) who conducted the research discussed in the article cited (but are not necessarily the authors). NASA
Investigator Names are associated with the Investigator Affiliation field.

See Author field for details on format. NLM's author indexing policy is explained in the Fact Sheet: Authorship in
MEDLINE.

Examples:

IR - Smith P
FIR - Smith, Paula

IR - Brody BA
FIR - Brody, B A

Table of Contents

ISSN (IS)

ISSN (International Standard Serial Number) is an eight-character value that uniquely identifies the cited journal. It
is nine characters long in the hyphenated form: XXXX-XXXX. The ISSN field has a qualifier that follows the ISSN data
which will state whether it is for the print or the electronic version ISSN of the journal. For journals with multiple
ISSNs (e.g., those with separate ISSNs for the print and electronic versions), the ISSN in the MEDLINE citation
reflects the version used for MeSH indexing.
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Examples:

IS - 0021-5252 (Print)
IS - 1471-2202 (Electronic)

Some records do not contain an ISSN value.

The complete title of the journal can be found in the Journal Title (JT) field. See more information about journals
cited in MEDLINE.

See also NLM Unique ID (JID).

Table of Contents

Issue (IP)

Issue identifies the issue, part or supplement of the journal in which the article was published.

Examples:
IP-11
IP-7Pt1

IP - First Half
IP - 3 Suppl 1

For records from OLDMEDLINE, some records contain Issue but lack Volume; some records contain Volume but lack
Issue; and some records contain Volume and Issue data in the Volume element.

Table of Contents

Title (T1)

The title field contains the entire title of the journal article. The title is always in English; those titles originally
published in a non-English language and translated for the title field are enclosed in square brackets. All titles end
with a period unless another punctuation mark such as a question mark or bracket is present. Explanatory
information about the title itself is enclosed in parentheses, e.g.: (author's trans). Corporate/collective authors may
appear at the end of the title field for citations up to about the year 2000. See also Corporate Author (CN) for more
information about corporate or collective authors.

Records with (In Process Citation) in the title field are non-English language citations in In-Process status that do not
yet have the article title translated into English.

Examples:

TI - The Kleine-Levin syndrome as a neuropsychiatric disorder: a case report.

TI - Why is xenon not more widely used for anaesthesia?

TI - [Biological rhythms and human disease]

TI - [In Process Citation]

TI - Prevalence of Helicobacter pylori resistance to antibiotics in Northeast Italy: a
multicentre study. GISU. Interdisciplinary Group for the Study of Ulcer.

Table of Contents

Journal Title Abbreviation (TA)

This field contains the standard abbreviation for the title of the journal in which an article appeared. See the NLM
Fact Sheet "Construction of National Library of Medicine Title Abbreviations" at http://www.nlm.nih.gov/pubs/
factsheets/constructitle.html, which discusses the rules currently used by the National Library of Medicine (NLM) to
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construct title abbreviations for journals cited in MEDLINE.

Examples:

TA - JAMA

TA - ] Pediatr

TA - J Comp Physiol B
TA - Ann Biol Clin (Paris)

The complete title of the journal can be found in the Journal Title (JT) field. See more information about journals
cited in MEDLINE.

All MEDLINE/PubMed records must be linked to a parent serial record in NLM's online catalog. In OLDMEDLINE
records, the journal title abbreviation may differ from that found on the original citation in the printed index.

Table of Contents

Journal Title (JT)

This field contains the full journal title, taken from NLM's cataloging data following NLM rules for how to compile a
serial name. The NLM journal title abbreviation is in the (TA) element.

Examples are:

Examples:

JT - Molecular microbiology
JT - American journal of physiology. Cell physiology

Some characters that are not part of NLM's MEDLINE/PubMed Character Set reside in a relatively small number of
full journal titles. These characters will display as the string 'inverted question mark.'

Table of Contents

Language (LA)

The language in which an article was published is recorded in the Language field. All entries are three letter
abbreviations stored in lower case, such as eng, fre, ger, jpn, etc. A record may contain more than one language
value. Some records provided by collaborating data producers may contain the value "und" to identify articles whose
language is undetermined.

Examples:

LA - eng
LA - rus

A table listing all languages found in MEDLINE is available at: http://www.nlm.nih.gov/bsd/language_table.html. A
chart showing the number of English language MEDLINE articles in various segments of MEDLINE is available at:
http://www.nIm.nih.gov/bsd/medline_lang_distr.html.

Table of Contents

Location Identifier (LID)

In April 2008, NLM began accepting LocationID data from publishers for journal citations. This data consists of either
a Digital Object Identifier (DOI) or another publisher ID that the publisher has determined serves the role of
pagination in a citation in terms of locating the article (PII). This data will be submitted by the publisher in the
LocationID field as part of the XML citation. If an LocationID is wrong or changed by the publisher, then the publisher

13 of 28 5/15/25,9:49 PM
Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1043
000173



MEDLINE/PubMed Data Element (Field) Descriptions https://web.archive.org/web/20100709164257/https://www.nlm.nih.gov...

must publish an erratum notice in the journal with the incorrect and correct number in order for NLM to edit the data
in the citation.

Examples:

LID - 8083
LID - s0212 16112008000100001

Note: PubMed records also include PIIs and DOIs in the Article ID field, if it is supplied by the publisher. This field is
used to create links for the LinkOut program; it is not used to create citation source information.

Table of Contents

Manuscript Identifier (MID)

A Manuscript ID is an identifier assigned to an author manuscript submitted to the NIH Manuscript Submission
System. This may be in support of the NIH Public Access Policy, or another funding agency's policy. The following
four types of MIDs currently exist in PubMed records:

NIH Manuscript System (NIHMS)

United Kingdom Manuscript System (UKMS)

Howard Hughes Medical Institute (HHMIMS)

Hyper Articles En Ligne (HAL) from the Centre pour la communication scientifique directe (CCSD)

Examples:

MID - NIHMS3373
MID - HHMIMS35653
MID - UKMS1522
MID - HALMS108756

Table of Contents

MeSH Date (MHDA)

The date MeSH terms were added to the citation is recorded in the MeSH Date field. The MeSH date is the same as
the Entrez date until MeSH are added.

Format: YYYYMMDD HH:MM

Example:

MHDA- 2005/08/03 09:00

Table of Contents

MeSH Terms (MH)

NLM's controlled vocabulary, Medical Subject Headings (MeSH®), is used to characterize the content of the articles
represented by MEDLINE citations.

Of the various MeSH headings assigned to a record, those representing the most significant points are identified with
an asterisk (*) in the MeSH display. The remaining descriptors are used to identify concepts that have also been
discussed in the item, but that are not the primary topics. In Process and publisher-supplied records lack MeSH
terms. See the MeSH Fact Sheet (http://www.nlm.nih.gov/pubs/factsheets/mesh.html) or the MeSH home page
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(http://www.nlm.nih.gov/mesh/meshhome.html) for additional information about MeSH.

Subheadings (also known as Qualifiers) are often used with MeSH terms to help describe more completely a
particular aspect of a subject. Subheadings are displayed after the MH and a slash (/). A major topic asterisk before
a subheading indicates when the combination of that subheading with its associated MeSH term is a central concept

of the article.

The presentation of MeSH terms is alphabetical. The Subheadings associated with a MeSH term are also in
alphabetical order, without regard to the presence of the major topic asterisk (*).

Example 1:

MH - Adult
MH - Child Development/*physiology

MH - English Abstract

MH - Human
MH - Infant, Newborn
MH - Nutrition

MH - Risk Factors
MH - Survival Rate

MH - Cardiovascular Diseases/etiology/*mortality
MH - Embryo and Fetal Development/*physiology

MH - Fetal Growth Retardation/complications/*physiopathology

In the above example, the mortality aspect of cardiovascular diseases, the physiology of child development, as well
as embryo and fetal development, and the physiopathology aspect of fetal growth retardation are the central
concepts of the article. Note that the MeSH term English Abstract (also present in above example) means that a
substantive English language abstract is present in the journal or was written by one of NLM's collaborating data
producers. The abstract may or may not be present in the MEDLINE citation as the input policy changed over the
years. There are many older non-English language citations without abstracts in MEDLINE but with the MeSH term
English Abstract; this indicates that an English abstract is present in the journal, even if not a part of the online

record.

Example 2:
MH - Animal
MH - Dogs

MH - *Myocardial Contraction
MH - Myocardium/*metabolism
MH - *Oxygen Consumption
MH - Surface Tension

In the above example, myocardial contraction, the metabolism aspect of myocardium, and oxygen consumption are

the central concepts of the article.

The original subject headings assigned to OLDMEDLINE records were updated to current MeSH in December 2005
(with the exception of approximately 8% of OLDMEDLINE records, which will be updated as resources permit). All of
the terms assigned to OLDMEDLINE citations are identified as the major topic of the article. The original subject

headings have been placed in the Other Term (OT) field.

Table of Contents

NLM Unique ID (JID)

This field is the alpha-numeric identifier for the cited journal. The element's value is the accession number for the
journal's record assigned in the NLM Catalog, available at http://www.ncbi.nlm.nih.gov/nimcatalog or via LocatorPlus
at http://locatorplus.gov/. An NLM Unique ID may appear as seven, eight or nine characters.

Examples:

Citations from the New England Journal of Medicine will have the following JID field value:

JID - 0255562
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Citations from the Japanese Journal of Infectious Diseases will have the following JID field value:
JID - 100893704

Table of Contents

Number of References (RF)

This element appears on records indexed with Review as a Publication Type. This field contains the number of
bibliographic references listed in the review article.

Example:

RF - 21

When collaborating data partners recorded the number of references for non-review articles, these data are found in
the General Notes field.

Table of Contents

Other Abstract (OAB)

NLM creates MEDLINE records without an Abstract field when the source journal article does not originally contain an
abstract. In cases where a collaborating data partner provides an abstract, or an abstract is available following the
journal publication, this abstract may appear in the Other Abstract field for that record. This field is associated with
the Other Copyright Information (OCI) field, which displays beneath (OAB) if present. The abstract included in this
field is not written by the authors of the article. The internal tracking number of the source document used by the
collaborating partner resides in the Other ID field.

Acronyms used in the OAB field are:

AAMC - American Association of Medical Colleges; not currently used

AIDS - Special HIV/AIDS publications with abstracts written by someone other than the author
KIE - Kennedy Institute of Ethics, Georgetown University

PIP - Population Information Program, Johns Hopkins School of Public Health

NASA - National Aeronautics and Space Administration

Another value used in this field is Publisher.

Example:

OAB - NASA: The purpose of this review is to delineate the ubiquitous and pivotal
role of Ca2+ in diverse physiological processes. Emphasis will be given to the role
of Ca2+ in stimulus-response coupling. In addition to reviewing the present status
of research, our intention is to critically evaluate the existing data and describe the
newly developing areas of Ca2+ research in plants.

Table of Contents

Other Copyright Information (OCI)

This field identifies the copyright owner. It appears on some records created by a collaborating data producer if that
producer has written the abstract. The information for this field displays beneath the Other Abstract field.

Example:

OCI - NASA Edited

Table of Contents
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Other ID (OID)

This field may reside on a record owned by a collaborating partner or on an NLM-owned record to which a

collaborating

partner added additional information. The data identify: a) the organization responsible for the

information on the citation or the document where the information originated, and b) a unique number for that
citation or document.

The acronyms used in this field are listed below. Some of the values on this list currently are not in use at this time
and some may never be used.

‘NASA |Nationa| Aeronautics and Space Administration

|KIE |Kennedy Institute of Ethics, Georgetown University

|PIP |Popu|ation Information Program, Johns Hopkins School of Public Health; not currently used
[POP [former NLM POPLINE database; not currently used

|ARPL |Annua| Review of Population Law; not currently used

lcpc

|Caro|ina Population Center; not currently used

|IND |Population Index; not currently used

‘CPFH |Center for Population and Family Health Library/Information Program; not currently used

National Library of Medicine; used for PMCID and manuscript identifier data (NIHMS for NIH
Manuscript System, UKMS for United Kingdom Manuscript System, HALMS for the French
NLM Manuscript System, or HHMIMS for the Howard Hughes Medical Institute Manuscript System)
beginning in 2009. In some cases the data may contain a date in parentheses following the

number. This date represents the embargo date after which the full text will be available in
PubMed Central®.

NRCBL National Reference Center for Biomedical Literature (for the KIE Reference Library shelving
location)

|CLML |Current List of Medical Literature; reserved for future use

|IM |Index Medicus; reserved for future use (intended for pre-1966 publications)

QcIcL Quarterly Cumulative Index to Current Literature; reserved for future use (intended for
pre-1966 publications)

QCIM Quarterly Cumulated Index Medicus; reserved for future use (intended for pre-1966
publications)

|SGC |Surgeon General's Catalog; reserved for future use

For OLDMEDLINE records, this field occurs on records from 1950-1959 and is for internal use at NLM. CLML is
currently the value for all OLDMEDLINE citations containing this field. The value IM may be used on a limited basis.
Other values that may be defined for future use with OLDMEDLINE records are QCICL and QCIM.

Examples:

OID - KIE: 30206
OID - NRCBL: 18.2
OID - CLML: 5834:20412:395

Table of Contents

Other Term (OT)

This field contains largely non-MeSH subject terms (also referred to as Keywords) that describe the content of the
article. These are assigned by a collaborating data producer who is identified in the Other Term Owner field. This
information is present on a small percentage of citations in the database. The Other Term data may be marked with
an asterisk (*) to indicate a major concept. Asterisks are for display only.

Examples:
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OT - Legal Approach
OT - Health Care and Public Health

Other Terms appear in addition to MeSH terms, with the exception of some OLDMEDLINE records which do not yet
contain MeSH headings. OLDMEDLINE subject terms were mapped to current MeSH in preparation for NLM's 2006
production year. Both MeSH Headings and Other Terms are on all but approximately 8% of OLDMEDLINE records as
of December, 2005. Additional mappings will occur as resources permit.

Table of Contents

Other Term Owner (OTO)

This field contains an acronym that precedes the Other Term field. It identifies the organization that provided the
Other Term data. The Other Term Owner acronyms and their respective organizations are:

KIE Kennedy Institute of Ethics, Georgetown University

NASA National Aeronautics and Space Administration

PIP Population Information Program, Johns Hopkins School of Public Health
NLM National Library of Medicine (used for the OLDMEDLINE records)

Table of Contents

Owner (OWN)

The acronym for the organization that supplied the citation data is recorded in this field. Each citation has only one
Owner and there are eight possible values in this field:

|NLM |Nationa| Library of Medicine, Index Section

|NASA |Nationa| Aeronautics and Space Administration

PIP Population Info_rmr_:]tion Program, Johns Hopkins School of Public health (not a current value;
only on older citations)

|KIE |Kennedy Institute of Ethics, Georgetown University

HSR National Information Center on Health Services Research and Health Care Technology,

National Library of Medicine

|HMD |History of Medicine Division, National Library of Medicine

Specialized Information Services Division, National Library of Medicine (not yet used;
reserved for possible future use)

|NOTNLM |For licensees' use. Not used by NLM.

SIS

Table of Contents

Pagination (PG)

Pagination indicates the inclusive pages for the article cited. The pagination can be entirely non-digit data.
Redundant digits are omitted. Document numbers for electronic articles are also found here.

Examples:

PG - 12-9

PG - 304-10

PG - 335-6

PG - 1199-201

PG - 24-32, 64

PG - suppl 111-2

PG - 564

PG - E101-6

PG - 44; discussion 44-8
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PG - 925; author reply 925-6

PG - e66
PG - XC-CIII
PG - 10.1-8

Beginning in December 2002, new rules are followed for pagination for letters to the editor that include text
consisting of an author reply. If the reply is written by one or more of the authors of the original article, the words
"author reply" are used in the pagination field rather than the word "discussion". "Discussion" continues to be used
within pagination for other types of articles, such as an article presented at a meeting that is followed by the text of
a separate discussion or verbal exchange by a panel or others attending the meeting. This new rule for pagination
that includes "author reply" applies only to citations with Publication Type of Letter.
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Personal Name as Subject (PS)

Individuals' names appear in this field for citations that contain a biographical note or obituary, or are entirely about
the life or work of an individual or individuals. Data is entered in the same format as author names in the Author
field. See Author (AU) field for details of format. See also the associated Full Personal Name as Subject (FPS) field
description.

Examples:

PS - Koop CE
PS - Zerhouni EA

Table of Contents

Full Personal Name as Subject (FPS)

This field contains the full name of the subject of the article for citations with a date of publication beginning with
2002. It is associated with the Personal Name as Subject (PS) field. See details on format in the Full Author (FAU)
field description.

Examples:

FPS - Koop, C Everett
FPS - Zerhouni, Elias Adam

Table of Contents

Place of Publication (PL)

This field indicates the cited journal's country of publication. Valid values are those country names found in the Z
category of the Medical Subject Headings (MeSH) that may be displayed from the MeSH Browser at http://
www.nlm.nih.gov/cgi/mesh/2010/MB_cgi?term=Geographic+Locations&field=entry#TreeZ01. Values may appear in
all upper case or in mixed case. On older records, in cases where the place of publication is unknown, the (PL) value
is Unknown.

Examples:

PL - United States
PL - FRANCE
PL - Nigeria

Place of Publication data are not maintained when names may change over time. These data indicate where the
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journal is published, not where the research was conducted.
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Publication History Status (PHST)

This field contains information from the publisher regarding important events in the publishing process. It contains a
date, and one of the following values for each date in the publication history:

[received] date manuscript received for review
[accepted] accepted for publication
[revised] article revised by publisher or author

[aheadofprint] published electronically, to be followed by the print

Examples:

PHST- 2004/06/01 [received]
PHST- 2004/09/01 [revised]
PHST- 2005/02/15 [accepted]

Table of Contents

Publication Status (PST)

This field contains the current status of the publication, as submitted by the publisher. Possible values are:

ppublish - published in print (default value)
epublish - electronically published only, never published in print
aheadofprint - electronically published, but followed by print

Examples:

PST - aheadofprint
PST - ppublish

The date on which the current status took effect is submitted in the Date of Publication field.

Table of Contents

Publication Type (PT)

This field describes the type of material that the article represents; it characterizes the nature of the information or
the manner in which it is conveyed (e.g., Review, Letter, Retracted Publication, Clinical Trial). Records may contain
more than one Publication Type, which are listed in alphabetical order.

Examples:

PT - Review
PT - Multicenter Study

Almost all citations have one of these four basic, most frequently used Publication Types applied to them: Journal
Article, Letter, Editorial,

News. One of the above four Publication Types is applied to more than 99% of all citations indexed for MEDLINE.

A list of the Publication Types is available from PubMed Help at: http://www.ncbi.nlm.nih.gov/books/bv.fcgi?
rid=helppubmed.table.pubmedhelp.T42. A list with definitions is available at http://www.nIm.nih.gov/mesh/
pubtypes.html. Publication Types are also available in the MeSH Database at http://www.ncbi.nlm.nih.gov/mesh.
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Some Publication Types have similar main headings equivalents in MeSH. In 2008, the form of similar main headings
was modified to include “AS TOPIC”. For example, the Publication Type CLINICAL TRIAL has a similar MeSH heading
CLINICAL TRIALS AS TOPIC.

Historical Notes:

Five citation types were used to describe various types of articles in MEDLARS before 1991. These were HISTORICAL
ARTICLE, HISTORICAL BIOGRAPHY, CURRENT BIOGRAPHY-OBITUARY, MONOGRAPH and REVIEW. MONOGRAPHS
were chosen for indexing in Index Medicus only from 1976 through 1981. Indexers were expected to identify each of
these citation types during the indexing process.

In 1991 these citation types were replaced with a new MEDLARS data element called Publication Type (PT). The
number of publication types was expanded to include types which are indexed for other NLM databases in addition to
Index Medicus and MEDLINE.

All of the rubrics used to qualify titles have also become publication types.

At the request of the History of Medicine Division of NLM the list of publication types was expanded in 1997 to
include 34 "genre terms" to describe the intellectual or literary type of presentation. These are used chiefly by
catalogers and indexers for HISTLINE, rather than by indexers for Index Medicus and MEDLINE.

Every item indexed from 1991 forward is described by one or more of the Publication Types.

Table of Contents

Publishing Model (PUBM)
This field was removed in the 2009 MEDLINE/PubMed production year.

This field described the medium/media in which the cited article is published. This information was derived from data
submitted by the publishers.

Examples:

PUBM - Print
PUBM - Print-Electronic

Table of Contents

PubMed Central Identifer (PMC)

This field contains the unique identifer for the cited article in PubMed Central. The identifier begins with the prefix
PMC.

Example:

PMC - PMC1463022
PMC - PMC2271135

Table of Contents

PubMed Central Release (PMCR)

This field contains the embargo date associated with the availability of the published article in PMC.

Example:

PMCR - 2009/08/01
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PubMed Unique Identifier (PMID)

This field is a 1- to 8-digit accession humber with no leading zeros. It is present on all records and is the accession
number for managing and disseminating records. PMIDs are not reused after records are deleted.

Examples:

PMID - 10097079
PMID - 6012557

Prior to the 2004 version of PubMed (available December 3, 2003), many records contained a MEDLINE Unique
Identifier in addition to the PMID. NLM no longer displays the MEDLINE Unique Identifier. The PMID has become the
unique identifier for the MEDLINE record.

Table of Contents

Registry Number/EC Number (RN)

This field contains the unique 5- to 9-digit number in hyphenated format assigned by the Chemical Abstracts Service
(CAS) to specific chemical substances. For enzymes, the EC number derived from Enzyme Nomenclature is placed in
this element. A zero (0) is a valid value when an actual number cannot be located or is not yet available.

Following the RN/EC field display is the Substance Name (NM) field value, enclosed in parentheses. Please see
Substance Name (NM) field section for an explanation of that field.

Examples:

RN - 69-93-2 (Uric Acid)
RN - EC 3.1.1.34 (Lipoprotein Lipase)

Table of Contents

Substance Name (NM)

This field contains the name of the substance that the registry number or the EC number identifies. The MeSH
Database (http://www.ncbi.nlm.nih.gov/mesh) or MeSH Browser (http://www.nlm.nih.gov/mesh/MBrowser.html)
contain the Substance Names. These records are of two types: 1) Supplementary Concept Records, which can be
found in the MeSH Browser with a record type of C, or 2) MeSH Category D descriptors, identified in the MeSH
Browser with a tree number that begins with D. The Substance Name follows the RN/EC field display, enclosed within
parentheses.

Examples:

RN - 69-93-2 (Uric Acid)
RN - 6964-20-1 (tiadenol)

Table of Contents

Secondary Source ID (SI)

The SI field contains information pertaining to the registration of several types of data discussed in MEDLINE articles:
a) molecular sequence data; b) gene expression/molecular abundance data (beginning February 2006); c) clinical
trial numbers (beginning summer 2005); and d) PubChem identifiers. The field is composed of the source followed
by a slash followed by an accession nhumber.
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Examples:

SI - GENBANK/AF306859

SI - SWISSPROT/P13209

SI - ClinicalTrials.gov/NCT00000419
SI - GEO/GDS275

SI - PubChem-Substance/17424970

Molecular Sequence Data

NLM cooperates with international efforts to collect molecular sequence data. There are, at present, seven databanks
that register molecular sequences deposited with them by researchers. In the journal literature, a reference to the
databank and the accession number assigned to the sequence may accompany, or substitute for, a lengthy graphic
representation of the sequence itself. NLM enters this data in the SI field if this information appears in the printed
journal article. If the article lists a databank but no accession number, only the abbreviation for the databank will be
entered. There is no attempt to edit or verify the databank accession numbers that appear in the journal. Since
sequences may be deposited with more than one databank, there may be multiple occurrences of this field in a
single citation. This information may appear on the article title page, in a footnote or in a statement such as:

Sequence data from this article have been deposited with the EMBL, GenBank and DDBJ Data Libraries
under Accession No. M16978.

The seven databanks registering molecular sequence data at the present time are:

x:l?rl-elv?:tion Databank

|GDB ‘Johns Hopkins University Genome Data Bank
’GENBANK ’GenBank Nucleic Acid Sequence Database
’OMIM ‘Mendelian Inheritance in Man (McKusick)
|PDB Protein Data Bank

|PIR \Protein Identification Resource

|RefSeq ‘Reference Sequence

|SWISSPROT ’Protein Sequence Database

NLM first began to include this information with the 1988 indexing year. Prior to 2000, NLM's policy was to enter up
to 30 databank accession numbers for each record. Some global maintenance was done over the years to add
databank names/accession numbers whether or not the article itself contained those references. From 2000 forward,
NLM enters all databank accession numbers published in the journal. Data in this field are sorted first by databank
name and then by the accession number.

Beginning in September 2006, accession numbers for sequences in NLM's Reference Sequence (RefSeq) database
are included in the SI field. RefSeq is a curated, non-redundant set of sequences, including genomic DNA, transcript
RNA and protein products.

The SI field and the Entrez sequence database links are not related. The PubMed links to these databases are
created from the reference field of the GenBank or GenPept flatfile. These references include citations that discuss
the specific sequence presented in these flatfiles.

Gene Expression Data

Beginning in February 2006, accession numbers for data deposited in NLM’s Gene Expression Omnibus (GEO)
database are included in SI field. GEO is a gene expression/molecular abundance repository supporting data
submissions, and a curated, online resource for gene expression data browsing, query and retrieval.

The databank abbreviation is GEO and the accession number is any one of four prefixes followed by a numeric string:

GDSxxxx (GEO Data Set)
GSExxxx (GEO SEries)
GPLxxxx (GEO PLatform)
GSMxxxx (GEO SaMple)

Clinical Trial Numbers

Beginning in the Summer of 2005, NLM includes the ClinicalTrials.gov identifier number in the SI field when the
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article is devoted solely and entirely to announcing or reporting the results of the clinical trial. The ICMJE Web site
(http://www.icmje.org/) contains an editorial and updates on the topic of registering clinical trials before publication
of the results.

Beginning mid-2006, MEDLINE citations also carry the International Standard Randomised Controlled Trial Number
(ISRCTN) when when the article is devoted solely and entirely to announcing or reporting the results of the clinical
trial or other study that the Identifier Number represents. The ISRCTN Register (http://isrctn.org/) is a clinical trials
deposit site based in the UK that meets the criteria set forth by the ICMJE (International Committee of Medical
Journal Editors) for responsible disclosure of information to the public. The letters ISRCTN are a part of the trial

number.
PubChem Identifiers

Beginning in January 2007, identifiers for records in the PubChem Substance database may be included in the SI
field (but only if the data are included in the citation XML feeds from the publishers). The abbreviation is PubChem-
Substance and the accession number is a numeric string, e.g. 10318689. In the distant future, identifiers for records
in two additional databases, PubChem Compound and PubChem BioAssay, will likely also be added to MEDLINE/
PubMed records.

Table of Contents

Source (SO)

NLM concatenates the following elements to create the journal source:

Journal Title Abbreviation (TA)
Publication Date (DP)

Volume (VI)

Issue (IP)

Pagination (PG)

Elements of other date fields may be added to indicate an additional Epub or Print publication date.

Examples:

SO - Am J Med. 2005 May;118(5):567.

SO - Hepatology. 2004 Apr;39(4):915-23.

SO - Health Care Finance Rev. 2003 Winter;25(2):77-90.

SO - Eur Spine J. 2005 Nov;14(9):887-94. Epub 2005 Sep 8.

Table of Contents

Space Flight Mission (SFM)

This field resides on citations created by one of our collaborating data producers, the National Aeronautics and Space
Administration (NASA). It is the space flight/mission hame and/or humber when results of research conducted in
space are covered in the cited publication. View a complete list of Space Flight Missions and their associated values
(manned/unmanned; short/long duration) at http://www.nlm.nih.gov/bsd/space_flight.html.

Examples:

SFM - Flight Experiment
SFM - Mir Project

SFM - long duration
SFM - manned

Table of Contents

Status (STAT)

The status field indicates the status of the record. There are seven possible values for this field:
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« In-Data-Review: Records in this status have been submitted to NLM electronically by the publisher, and the
journal title, date of publication and volume/issue (source data) have been checked. The source data have
either been:

1. matched to the print copy in NLM's collection and are correct;

2. matched to the online version of the journal (when NLM assigns MeSH headings from the online
version) and are correct; or

3. compared to previously checked-in issues and appear to match the pattern or have been changed to
match the established pattern. In these cases, the physical item has not yet been received for NLM's
collection and the data have not been positively verified and may still change during NLM's processing
cycle.

While all three reviews are at the issue level, most citations fit into the last condition above. It is possible that
the source information may be changed at a later point in the NLM quality assurance cycle once the hard copy
issue is available for exact comparison.

In-Data-Review records lack a Date Completed field. They are not yet MEDLINE records because they have not
undergone complete quality review and MeSH indexing. The issue level review for In-Data-Review status is
the first step in quality control. The records will typically either be reissued as In-process status records or go
to PubMed-not-MEDLINE final record status.

* In-Process: Records in this status have undergone a citation level review; i.e., the author names, article title,
and pagination are checked.

In-process records do not have a Date Completed field, however, they do contain the Subset field. In-process
records are not yet MEDLINE records because they have not undergone complete quality review and MeSH
indexing.

Most in-process records are eventually indexed with MeSH terms and are elevated to completed MEDLINE
status. However, some are determined to be out of scope (e.g., articles on plate tectonics or astrophysics from
certain MEDLINE journals, primarily general science and chemistry journals, for which the life sciences articles
are indexed for MEDLINE) and are not elevated to MEDLINE status; instead they become PubMed-not-Medline
final status records. In rare cases the records are deleted and do not become PubMed-not-MEDLINE records.

o MEDLINE: In-process records undergo rigorous quality assurance routines before they are elevated to
MEDLINE status or to PubMed-not-MEDLINE status.

Records in MEDLINE status are the only 'true' MEDLINE records in PubMed. They contain Date Completed and
Subset fields and, in most cases, contain MeSH terms. MEDLINE records that are Retractions of Publications
(see Publication Type element) are exceptions and do not contain MeSH terms.

« OLDMEDLINE: Citations from the OLDMEDLINE subset begin in OLDMEDLINE status. Once all of the original
subject terms from the printed index have been mapped to current MeSH, the citation status is changed to
MEDLINE. See more information about OLDMEDLINE.

« PubMed-not-MEDLINE: Records in this status are from journals included in MEDLINE and have undergone
quality review but are not assigned MeSH headings because the cited item is not in scope for MEDLINE either
by topic or by date of publication, or is from a non-MEDLINE journal. The categories of non-MEDLINE records
in this status are:

1. citations to articles that precede the date a journal was selected for MEDLINE indexing and are
submitted for inclusion in PubMed after July 2003;

2. out of scope citations to articles in journals covered by MEDLINE;

3. analytical summaries of articles published elsewhere (see the article, "Linking MEDLINE Citations to
Evidence-Based Medicine Assessments and Summaries", in the May-Jun 2002 NLM Technical Bulletin,
page e2); and

4. (starting in the Summer of 2005) prospective citations to articles from non-MEDLINE journals that
submit full text to PubMed Central®, and are thus cited in PubMed.

PubMed-not-MEDLINE records contain a Date Completed field and lack Subset and MeSH term fields.

« Publisher: The non-MEDLINE records in Publisher Status in PubMed contain the notation [PubMed - as
supplied by publisher] in the PubMed display. At this time the records in Publisher Status are:

1. the retrospective records (prior to July 2005) for the relatively few non-MEDLINE journals in PubMed;

2. the retrospective records for MEDLINE journals prior to date of selection for MEDLINE and that were
submitted electronically by the publishers before late July 2003;

3. the prospective records for currently indexed journals when the publisher has submitted an issue's
citation data electronically and NLM still awaits its print copy or access to the electronic copy to use for
issue level review (i.e., the journal title, date of publication and volume/issue elements) AND the
publisher-supplied record contains a validation error of some kind that prevents it from being exported
from NLM's Data Creation and Maintenance System (DCMS) along with the records not containing
errors from the same issue. If there were no errors, the record would move to In-Data-Review status
right away and be exported. In these cases, however, NLM staff must take corrective action before the
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4. citations electronically submitted for articles that appear on the Web in advance of the journal issue's
release (i.e., ahead of print citations). Following publication of the completed issue, the item will be

queued for issue level review and released in In-Data-Review status.

Table of Contents

Subset (SB)

This field identifies the subset for MEDLINE records from certain journal lists or records on specialized topics. Some
of these values are found on extremely small numbers of records. Citations may contain more than one occurrence
of this field. The value is true at the time the record was created. If the status of a journal changes, the value on the
record does not change.

Subset field values and their definitions are as follows. Note that several are closed subsets no longer being

assigned.

AIM

citations from Abridged Index Medicus journals, a list of about 120 core clinical, English
language journals.

‘citations from non-Index Medicus journals in the field of biotechnology (not currently used).

C

citations from non-Index Medicus journals in the field of communication disorders (not
currently used).

citations from dental journals. See the current List of Journals Indexed for MEDLINE (LJI) under
Dentistry and Orthodontics.

‘citations in the field of bioethics. (includes records from the former BIOETHICSLINE database)

older citations from one journal prior to its selection for Index Medicus. Used to augment the
database for NLM's International MEDLARS Centers (not currently used).

citations from non-Index Medicus journals in the field of health administration. (includes
records from the former HealthSTAR database)

‘ citations from Index Medicus journals.

citations in the field of population information. (not currently used; on records from the former
POPLINE® database)

‘ citations from non-Index Medicus journals relating to consumer health.

citations from nursing journals. See the current List of Journals Indexed for MEDLINE (LJI)
under Nursing.

OM

citations from the OLDMEDLINE project that originated from the Cumulated Index Medicus and
the Current List of Medical Literature (in 2008 this includes citations from the 1949-1965 print
indexes). The ways they differ from other MEDLINE records are documented under the
applicable element descriptions. The original MeSH Headings assigned at the time the citation
was created in print reside in the Other Term field. Records in the OLDMEDLINE subset have a
status of OLDMEDLINE until all of their original subject terms are mapped to current MeSH;
then their status changes to MEDLINE. NLM makes available both new and revised
OLDMEDLINE records on an irregular and infrequent basis.

citations in the field of the history of medicine. (includes records from the former HISTLINE®
database)

QIS

citations from non-Index Medicus journals in the field of the history of medicine. (For NLM use
effective in late 2006 because they require special handling at NLM; not a subset of Q; some
journals previously designated as Q are now QIS.)

Qo

is subset of Q - indicates older history of medicine journal citations that were created before
the former HISTLINE file was converted to a MEDLINE-like format. (For NLM use because they
require special handling at NLM).
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R citations from non-Index Medicus journals in the field of population and reproduction (not
currently used).

S citations in the field of space life sciences. (includes records from the former SPACELINE™
database)
T citations from non-Index Medicus journals in the field of health technology assessment.

(includes records from the former HealthSTAR database)

‘X ‘citations in the field of AIDS/HIV. (includes records from the former AIDSLINE® database)

Examples:
SB - AIM
SB - IM

SB - X

Do not confuse these journal/citation subsets with the Topics subsets available on PubMed's Limits screen, which are
search strategies.

Table of Contents

Transliterated Title (TT)

This field contains the title of each item originally published in a non-English language, in that language.
Transliterations of article titles in some Cyrillic languages (Greek, Bulgarian, Russian, Serbian and Ukrainian) were
added to this field through 2004.

Examples:

TT - Temoignages et lettres.
TT - Wplyw przebiegu rozwoju plodu i noworodka na ujawnienie sie niektorych
chordb okresu doroslego.

For OLDMEDLINE records, the TT field for citations from the 1964 and 1965 Cumulated Index Medicus (CIM) is in all
uppercase letters. Some OLDMEDLINE citations to articles originally published in a non-English language lack the TT
field.

Table of Contents

Volume (V1)

The volume number of the journal in which the article was published is recorded here.

Examples:
VI-7
VI - 5 Spec No

VI - 49 Suppl 20

Some records (especially records from OLDMEDLINE) contain the Issue field but lack the Volume field; some contain
the Volume field but lack the Issue field; and some records contain Volume and Issue data in the Volume element.

Table of Contents
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The Wayback Machine - https://web.archive.org/web/20100804041346/http://www.ncbi.nim.nih.gov:80/PubMed/

PubMed

U.S. National Library of Medicine
National Institutes of Health

Your browser version may not work well with NCBI's Web applications. More information here...

PubMed

PubMed comprises more than 19 million citations for biomedical literature from
MEDLINE, life science journals, and online books. Citations may include links to full-
text content from PubMed Central and publisher web sites.

Using PubMed PubMed Tools More Resources
PubMed Quick Start Guide Single Citation Matcher MeSH Database
Full Text Articles Batch Citation Matcher Journals Database
PubMed FAQs Clinical Queries Clinical Trials
PubMed Tutorials Topic-Specific Queries E-Utilities
New and Noteworthy f:] LinkOut
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Synthetic polymer coatings for long-term growth of human embryonic stem cells
pPp581-583

Luis G Villa-Diaz, Himabindu Nandivada, Jun Ding, Naiara C Nogueira-de-Souza, Paul H
Krebsbach, K Sue O'Shea, Joerg Lahann & Gary D Smith

doi:10.1038/nbt.1631

The development of fully defined culture conditions for human embryonic stem cells (hESCs) should enhance
experimental reproducibility, reduce unwanted contaminants and facilitate scale-up production. Villa-Diaz et
al. show that a substrate made of the synthetic polymer PMEDSAH supports long-term culture of hESCs.

First Paragraph | Full Text | PDF (471 KB) | Supplementary information

See also: News and Views by Couture
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Assessing therapeutic responses in Kras mutant cancers using genetically engineered

Mallika Singh, Anthony Lima, Rafael Molina, Patricia Hamilton, Anne C Clermont, Vidusha
Devasthali, Jennifer D Thompson, Jason H Cheng, Hani Bou Reslan, Calvin C K Ho, Timothy C
Cao, Chingwei V Lee, Michelle A Nannini, Germaine Fuh, Richard A D Carano, Hartmut Koeppen,
Ron X Yu, William F Forrest, Gregory D Plowman & Leisa Johnson

doi:10.1038/nbt.1640
Genetically engineered mouse models of cancer simulate the spontaneous development of tumors in their
native tissue environment. Singh et al. establish their ability to predict the efficacy of different treatment

regimens by comparing clinical trial results to equivalent experiments in mutated KRAS-driven mouse models
of pancreatic and lung cancer.

Abstract | Full Text | PDF (1,979 KB) | Supplementary information
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Single-molecule enzyme-linked immunosorbent assay detects serum proteins at

David M Rissin, Cheuk W Kan, Todd G Campbell, Stuart C Howes, David R Fournier, Linan Song,
Tomasz Piech, Purvish P Patel, Lei Chang, Andrew J Rivnak, Evan P Ferrell, Jeffrey D Randall, Gail
K Provuncher, David R Walt & David C Duffy

doi:10.1038/nbt.1641

Rissin et al. increase the sensitivity of sandwich ELISA by segregating beads bearing a single enzyme-labeled
immunoconjugate into femtoliter-volume reaction chambers. As the small volume of each well permits
detection of extremely low levels of fluorescence, protein abundance is determined by counting the number of
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Identification of influenza A nucleoprotein as an antiviral target pp600 - 605

Richard Y Kao, Dan Yang, Lai-Shan Lau, Wayne H W Tsui, Lihong Hu, Jun Dai, Mei-Po Chan, Che-
Man Chan, Pui Wang, Bo-Jian Zheng, Jian Sun, Jian-Dong Huang, Jason Madar, Guanhua Chen,
Honglin Chen, Yi Guan & Kwok-Yung Yuen

doi:10.1038/nbt.1638

The spread of influenza virus strains resistant to the current generation of anti-viral drugs makes the
identification of new druggable targets and lead compounds of prime importance. Kao et al. show that the
influenza A nucleoprotein can be targeted by a small molecule that protects mice from lethal viral challenges.

First Paragraph | Full Text | PDF (839 KB) | Supplementary information
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Zara Melkoumian, Jennifer L. Weber, David M Weber, Andrei G Fadeev, Yue Zhou, Paula Dolley-
Sonneville, Jiwei Yang, Liqun Qiu, Catherine A Priest, Christopher Shogbon, Arthur W Martin,
Jodelle Nelson, Peter West, James P Beltzer, Santona Pal & Ralph Brandenberger

doi:10.1038/nbt.1629
The development of fully defined culture conditions for human embryonic stem cells (hESCs) should enhance
experimental reproducibility, reduce unwanted contaminants and facilitate scale-up production. Melkoumian et

al. show that a substrate made of peptides derived from extracellular matrix proteins supports long-term
culture of hESCs and differentiation to cardiomyocytes.

First Paragraph | Full Text | PDF (1,187 KB) | Supplementary information

See also: News and Views by Couture

Long-term self-renewal of human pluripotent stem cells on human recombinant

Sergey Rodin, Anna Domogatskaya, Susanne Strom, Emil M Hansson, Kenneth R Chien, José
Inzunza, Outi Hovatta & Karl Tryggvason

doi:10.1038/nbt.1620
The development of fully defined culture conditions for human embryonic stem cells (hESCs) should enhance
experimental reproducibility, reduce unwanted contaminants and facilitate scale-up production. Rodin et al.

show that a substrate made of human recombinant laminin-511 supports long-term culture of hESCs and
human induced pluripotent stem cells.

First Paragraph | Full Text | PDF (1,728 KB) | Supplementary information

See also: News and Views by Couture
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Dong-Uk Kim, Jacqueline Hayles, Dongsup Kim, Valerie Wood, Han-Oh Park, Misun Won, Hyang-
Sook Yoo, Trevor Duhig, Miyoung Nam, Georgia Palmer, Sangjo Han, Linda Jeffery, Seung-Tae
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Mook Kim, Song-Kyu Park, Hae-Joon Park, Eun-Jung Kang, Hyong Bai Kim, Hyun-Sam Kang,
Hee-Moon Park, Kyunghoon Kim, Kiwon Song, Kyung Bin Song, Paul Nurse & Kwang-Lae Hoe

doi:10.1038/nbt.1628

Genome-wide single-gene deletion libraries can be important tools for understanding the molecular workings of
an organism, but have only been created for a single eukaryotic species, Saccharomyces cerevisiae. Now, Kim et
al. present a second collection of deletion mutants that covers 98.4% of the genes of Schizosaccharomyces
pombe, allowing a systematic comparison of gene essentiality and knockout phenotypes between two eukaryotic
species.
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Single-molecule enzyme-linked
immunosorbent assay detects
serum proteins at
subfemtomolar concentrations

David M Rissin , Cheuk W Kan , Todd G Campbell ,
Stuart C Howes , David R Fournier , Linan Song ,
Tomasz Piech , Purvish P Patel , Lei Chang , Andrew
J Rivnak , Evan P Ferrell , Jeffrey D Randall , Gail K
Provuncher , David R Walt & David C Duffy

The ability to detect single protein molecules
in blood could accelerate the discovery and
use of more sensitive diagnostic biomarkers.
To detect low-abundance proteins in blood,
we captured them on microscopic beads
decorated with specific antibodies and then
labeled the immunocomplexes (one or zero
labeled target protein molecules per bead)
with an enzymatic reporter capable of
generating a fluorescent product.

To read this article in full you may need to
log in, make a payment or gain access
through a site license (see right).
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Groundbreaking Study Published in Nature Biotechnology Demonstrates Sensitivity of Single Molecule Test
for Detection of Prostate Cancer

Quanterix Technology Shown To Be More Than 1,000 Times More Sensitive Than Standard Methods With
Potential For Broad Application To Measure Biomarkers In Cancer, Autoimmune, and Neurological Diseases

CAMBRIDGE, MA — May 23, 2010 — Quanterix Corporation, the single molecule diagnostics company focused on
developing and commercializing high sensitivity tests, announced the publication of a breakthrough study of the
company’s proprietary technology that demonstrates an unprecedented sensitivity for measuring a biomarker
for prostate cancer recurrence. The research article, featured on the cover of the June issue (Volume 28, No. 6)
of Nature Biotechnology, describes how researchers developed a simple blood test using Quanterix’s Single
Molecule Array (SiMoA™) technology to selectively capture and measure individual Prostate Specific Antigen
(PSA) molecules in prostate cancer patients. The study showed that SiMoA was 1,700 times more sensitive than
standard hospital tests, potentially allowing for detection of prostate cancer recurrence years earlier than
current tests.

To demonstrate the clinical potential of SiMoA, PSA was measured in serum from men who had undergone
radical prostatectomy for prostate cancer. For the majority of these patients PSA is initially reported as
undetectable following surgery, but may be present at very low levels that predict the likelihood of disease
recurrence. The Quanterix test was so sensitive that it was able to measure residual PSA levels in all samples
tested. The PSA levels had been reported to be undetectable in these samples by standard tests, highlighting
the sensitivity and precision of the SiMoA technology.

“This paper demonstrates the extraordinary sensitivity provided by our SiMoA platform. Its single molecule
resolution has allowed us to measure PSA at extremely low levels, rather than having to wait until the cancer is
more advanced,” said Dr. David C. Duffy, Senior Director of Platform Research, Quanterix and corresponding
author of the study. “By using Quanterix’s high density arrays, we were able to hone in on individual molecules
rather than looking at the average response of thousands of molecules. SiMoA provides the resolution for the
proteome that the Hubble telescope did for the cosmos.”

“A diagnostic test with this sensitivity may eliminate unnecessary secondary treatment while also providing
significant peace of mind for the over 100,000 American men who annually undergo radical prostatectomy for
the treatment of prostate cancer and who will ultimately remain disease-free,” said Dr. Herbert Lepor, a
prostate cancer expert and Chairman of the Department of Urology at the New York University School of
Medicine. “New York University Langone Medical Center is looking forward to investigating the Quanterix test
to determine its potential for identifying patients who require more or less vigilant follow-up after surgery and,
identifying earlier those men who require secondary treatment, thereby optimizing postoperative
management.”

“The implications of this technology are far reaching,” noted David Walt, Ph.D., scientific founder of both
Quanterix and lllumina (NASDAQ: ILMN). “In analytical chemistry, single molecule counting is the ultimate goal
for sensitivity. This report shows the applicability of SiMoA in measuring an important cancer marker and opens
the door for its application in many other areas including neurological, cardiovascular and autoimmune
diseases.”
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HOW LOW CANYOU GO?
next generation immunoassay
systems and the revival of

protein biomarkers

Proteins are the machinery that drive most biological processes; however,
measuring their concentrations at low levels has been historically impeded by a
lack of appropriately sensitive technology. Advances in immunoassay

technology, such as single molecule counting, have provided orders of
magnitude of increased sensitivity. These novel technologies are enabling new
discoveries and a clearer understanding of previously intractable biology. Here
we discuss how single molecule counting technology can brighten the future of
translational research, drug discovery and personalised medicine.

here is a great paradox facing drug devel-

opers: get the most innovative and effective

new drugs from bench to bedside as quick-
ly as possible while meeting stringent regulatory
demands that demonstrate robust safety and effi-
cacy. This leaves quite a dilemma. Pressure to drive
innovative drug candidates through the pharma-
ceutical pipeline into clinical trials leads to a high
level of attrition, where even the most promising
drug candidates can fail. This keeps promising
therapies from needy patients and leaves pharma
footing the bill. The key to solving this puzzle is to
effectively rule-in or rule-out drug candidates early
in the pipeline, before they enter into costly late
phase clinical trials.

Biomarkers - the beacon of
translational biology

One can view classic biochemistry as the original
drug discovery machine, beginning with discovery
and purification of insulin from pancreatic islet
cells in dogs. The medicinal application of this

Drug Discovery World Fall 2008

discovery led to a Nobel Prize in 1923 and paved
the way for the first pharmaceutical giant: Eli
Lilly & Sons. The biology around protein analy-
sis remained the mainstay of big pharma until the
molecular revolution of the 90s led into the
genomics era. The difficulties of specific and sen-
sitive protein detection helped set the stage for the
molecular revolution, where genomics-based
approaches have taken centre stage. However,
this does not change the central dogma of biolo-
gy, that our pathopysiology is ultimately deter-
mined at the protein level. Therefore we must
continue to develop advanced protein detection
systems, even for protein biomarkers with previ-
ously intractable biology.

The strength of the biomarker movement has
been its promise to provide a standardised metric for
evaluating new therapies across disease states. In
this way biomarkers have become inseparable from
the drug development process, and may combine
physiological and molecular biomarkers for disease.
However, molecular and protein biomarkers (ie

——

By Dr John Todd and
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cTnl, insulin) have a strong advantage over physio-
logical biomarkers (ie electrocardiogram, BMI)
because they are more quantitative and less subjec-
tive. A desired approach is to use protein biomark-
ers for the targeted disease in early phase I/II studies
to understand if a candidate drug exerts a dose-
dependent pharmacodynamic (PD) effect on bio-
markers that are either in the disease pathway or
that are a direct target of the drug. If a drug candi-
date does not impact the concentration of a relevant
biomarker in a dose dependent fashion, this will halt
development of the compound. The earlier a prob-
lem drug can be screened out the better, saving the
expense of costly late phase clinical trials. However,
in many cases technology to do this effectively has
been a limiting factor, especially for measuring pro-
tein biomarkers in readily available specimens such
as blood plasma or serum.

Systems biology ushers in a new paradigm, and
shifts attitudes from scepticism towards early
adoption and implementation of cutting edge tech-
nology. We have seen the fields of genomics and
bioinformatics grow under this strategy, which can
now be applied towards validation of these discov-
eries at the protein level. In order for this to work
requires the successful deployment of several
approaches: biomarker discovery, target valida-

——

tion, assay development, instrumentation and clin-
ical trial management. There has been an attempt
to unify these approaches under the umbrella of
translational research, which has become a hot
buzz word even though few people seem to agree
on how it is defined or executed. One thing most
researchers agree on is that this integrative
approach is the future of pharmaceutical develop-
ment, as evidenced by investments by both the
NIH and the European Commission towards fund-
ing translational research centres and consor-
tiums!:2. The point of confusion usually concerns
where and how researchers fit into the very broad
‘bench-to-bedside’ model. Diagnostics is unique in
that it can play a supporting role across the entire
bench-to-bedside spectrum, since there is some-
thing to be measured every step of the way.

The disease continuum - a full
spectrum of disease states

In a general sense, current diagnostic guidelines
based on quantification of protein-based bio-
markers suffer from three distinct challenges.
First, assay sensitivity is often what determines
the lower limit of the threshold and the diagnos-
tic cut-off value. Second, the threshold system
only reveals the tip of the iceberg when it comes
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to disease states. As in ¢Tnl, a potential gold mine
of information resides beneath the 99th percentile
threshold value for a clinically relevant biomark-
er. This valuable information, quantifiable by sin-
gle molecule counting (SMC) technology in par-
ticular, could be used to diagnose, stratify, deter-
mine risk, or aid in disease prevention. Third,
development of a disease state is not an on/off
proposition. Rather, there is a continuum of dis-
ease development which makes disease onset and
diagnosis difficult to mark. When does a patient
cross the line to a full-fledged disease state? The
fuzzy line marking disease onset is a common
cause of diagnostic failures.

An excellent example of prolonged disease onset
leading towards diagnostic failure is Alzheimer’s
Disease (AD). Right now, the only definitive diag-
nosis of AD is a post-mortem examination of brain
tissue for amyloid plaques and neurofibrillary tan-
gles. Currently, clinical diagnosis of this disease is
diagnosed by ruling out other probable causes for
the symptoms of AD, which are usually only
apparent after significant disease progression has
occurred. Thus there is no reliable way at this time
to clinically define when this complex disease offi-
cially starts, and an FDA approved molecular diag-
nostic for AD is desperately needed.

The need for an early diagnosis for AD is espe-
cially important as new therapies for AD are devel-
oped, which provide better patient outcomes when
administered early in the course of the disease.
Currently, there is no FDA approved protein bio-
marker for clinical diagnosis of Alzheimer’s dis-
ease, though there are some hopeful candidates:
beta-amyloid and tau proteins.

However, further clinical validation of this new
diagnostic information will be necessary to define
the disease state and set the guidelines for early
diagnosis and onset of AD.

In this way, protein biomarker programmes in
AD and other disease areas can benefit immensely
from the application of novel immunoassay tech-
nologies with ultra-sensitive detection.

The solution - integrating novel
technology into next generation
immunoassay systems

Fluorosphere immunoassays (Luminex) — xMAP
technology integrates flow cytometry, micros-
pheres, lasers, digital signal processing and tradi-
tional chemistry to feature a flexible immunoas-
say system that can be configured to perform a
wide variety of bioassays. Luminex uses colour-
coded microspheres, which can be combined into
100 distinct sets. Each bead set can be coated
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with a reagent specific to a particular bioassay,
allowing the capture and detection of specific
analytes from a sample. Within the Luminex
compact analyser, lasers excite the internal dyes
that identify each microsphere particle, and also
any reporter dye captured during the assay. In
this way, xMAP technology allows multiplexing
of up to 100 unique assays within a single sam-
ple, both rapidly and precisely. However, multi-
plexing can come at the expense of assay sensi-
tivity and this technology generally does not pro-
vide sensitive measurements beyond what has
been historically obtained with 96-well enzymat-
ic assays (eg ELISA).

Gold nanoparticle probes (Nanosphere) -
Nanoparticles can be used as the solid phase for
protein capture by attaching specific capture anti-
bodies for specific analytes. Detection is achieved
by attaching bio-barcode nucleic acid probes,
which are specifically amplified and quantified.
Sequence tagged barcodes are then correlated with
specific analyte capture. Multiplexing is accom-
plished by changing the bio-barcode tags on a set
of gold microparticles, providing a method for dif-
ferential readout. However, the amplification step
and multiplexing can increase background and can
impact assay precision.

Single Molecule Counting (SMC)=based systems
(Singulex) — Singulex has developed a proprietary
immunoassay technology, which leads the next
generation of molecular diagnostic technologies
capable of quantifying biomarkers at the sub-
picogram level. The proprietary Singulex
immunoassay technology utilises paramagnetic
microparticles (MPs) as the solid phase for
immune-capture and detection of analyte from a
complex biological sample, providing enhanced
specificity, sensitivity and precision by 1-3 logs
over existing plate-based methods. The incorpora-
tion of SMC technology into next generation
immunoassays, like the Singulex Erenna System, is
already having an impact by quantifying proteins
at sub-picogram levels3»4.

The impact of next generation
immunoassay systems

Each of these new immunoassay systems adds value
by increasing sensitivity to unprecedented levels of
detection, some to below the femtomolar range.
The benefit of this new limit of diagnostic sensitiv-
ity is the availability of a new tool kit for solving
intractable problems in the biology of disease and
to embark upon clinical investigations which were

——
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Figure 2
Range of cTnl in humans and
rats compared to assay LoD
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previously considered untenable. There are several
strategic applications of these new technologies
towards key issues facing drug development.

Making new biological discoveries

Fundamental to drug discovery is the understand-
ing and manipulation of how biological pathways
are altered during disease. These fundamental
questions are tackled during preclinical stages of
discovery and development, often times in cell cul-
ture or small animal model systems for which sen-
sitivity and precision of measurements is an issue.
For example, there are several genetic mouse mod-
els for diabetes, however accurate insulin measure-
ments in fasted female mice are notoriously diffi-
cult. Recently the Singulex proprietary immunoas-
say has been shown to make accurate quantifica-
tions from only SuL mouse plasma samples, allow-
ing long-term monitoring of insulin over time’. In
this model, the accuracy of the Erenna System has
been shown to provide superior precision over cur-
rently available commercial assays (Figure 1).
Long-term monitoring is also an issue for studies of
cardiotoxicity studies in small animals, and the
same immunoassay system has shown the ability to
accurately quantify ¢Tnl levels from 15ul samples
of healthy rat serum®. Interestingly, the healthy
range of cTnl levels in rats is consistent with meas-

——

urements in other animals, including humans” and
is far below the LoD of other currently available
commercial assays (Figure 2). Lastly, another fac-
tor important during the discovery phase is the
ability to quantify multiple targets, which also ben-
efits from small volume assays due to increased
sensitivity. For example, a recent diagnostic test for
diabetes was released that calculates risk based
upon the quantification of a panel of biomarkers
from samples as small as1.3 uL8.

Early disease detection

The ultimate diagnostic challenge is to detect the
onset of disease as early as possible. In terms of
patient risk, earlier diagnoses are correlated with
better patient outcomes, assuming that efficiacious
therapeutic modalities can be employed. The devel-
opment of clinically relevant molecular biomarkers
has already had a huge impact on diagnosis of dis-
ease, however a continuing problem is that current
guidelines rely on the establishment of cut-off val-
ues and thresholds for making a diagnosis. These
requisite guidelines were set because technologies
at that time could not provide the requisite sensi-
tivity. Now we can measure the complete spectrum
from healthy to disease state and hence need to
think differently. For example, cardiac troponin-I
(cTnl) is considered the gold standard for
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diagnosis of acute myocardial infarction (AMI),
and recent guidelines recommended using a diag-
nostic cut-point set at a ¢Tnl concentration where
the assay imprecision exceeds 10%CV. These cut-
points are far removed from the reference range of
healthy volunteers and hence small increases in
cTnl in the population or within individuals can-
not be measured. The Singulex immunoassay tech-
nology offers a solution by achieving the sensitivi-
ty and precision with which to quantify cTnl to
levels below those found in healthy patients3:4,
allowing accurate investigation into the clinical rel-
evance of values below the threshold compared to
other leading immunoassays (Figure 2).
Additionally, quantifying acute changes in analyte
may provide diagnostic information in the form of
biomarker velocity. For example, cTnl velocity
before and after stress testing has been shown to be
a promising indicator to detect transient myocar-
dial ischaemia®, diagnostic information which can
be used for risk stratification and prediction of
adverse cardiac events (Figure 3). Similarly, this
concept is currently used for prostate cancer man-
agement, whereby a rapid increase in PSA levels
after surgical intervention is associated with
unfavourable outcomes. This new diagnostic infor-
mation may allow earlier disease detection and
therapeutic intervention, ultimately saving lives.
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Targeting bascline levels in healthy states

The issue still remains once ‘official’ guidelines are
set, what diagnostic information resides below the
threshold? Are we throwing away data that could
have an impact on diagnosis, basic research and
therapeutic development? The diagnostic goal
should not be to merely capture the tip of the ice-
berg, but to gather all of the relevant data below
the threshold — ultimately including baseline meas-
urements of biomarkers in healthy subjects. After
all, if you measure the sick and dying, then you will
know when patients are sick and dying. If you
measure the healthy, then you will know when
patients are not healthy — which is a much better
proposition. Development criteria for diagnostic
sensitivity of immunoassay systems should be rede-
fined in terms of quantifying biomarkers in easily
collected, routine samples like serum from healthy
individuals. By integrating SMC technology into
immunoassay systems, the next generation of
molecular diagnostics will have a large impact on
translational research by the routine establishment
of biomarker baseline profiles from healthy sub-
jects. For example, recently a panel of pro-inflam-
matory cytokines was quantified in serum samples
from normal healthy blood donors using the
Erenna System (Singulex), a new IA system based
on SMC technology!0. As more ultra-sensitive
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Figure 3
Use of cTnl for detecting
cardiac risk and stratification

55

Fujirebio Diagnostics, Inc. v. Quanterix Corp.

EX-1043
000220



Immunoassay systems:Layout 1 6/10/08 12:54 Page 56 $

Immunoassays

Figure 4

Erenna immunoassay system
LoD compared to the
measured range of analyte
quantified in healthy human
subjects
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immunoassay systems are used for this type of
research, healthy reference ranges can be deter-
mined that define baseline levels of clinically
important biomarkers (Figure 4). This brings
immediate benefit to current research and develop-
ment programmes, and brings future benefits in
clinical settings to improve patient outcomes.

Better efficacy and safety

Evidence-based medicine is pushing pharmaceuti-
cal developers to prove that the clinical benefit
outweighs risk of administering a drug. Next gen-
eration A systems can immediately benefit phar-
maceutical developers by increasing the sensitivity
of assays for biomarkers used as surrogate end-
points and safety biomarkers. SMC technology
strengthens this application of biomarkers by
quantifying a reference range of baseline biomark-
er levels in healthy subjects, providing a necessary
comparison for determining the efficacy and safe-
ty of new therapies. For showing drug efficacy, the
return of a companion diagnostic biomarker to
levels at or below those in healthy subjects builds
a strong case for clinical benefit. During drug safe-
ty studies, biomarkers indicative of adverse events
can be measured with SMC systems to be sure

——

they are not substantially elevated above healthy
levels. Also, with SMC technology a panel of safe-
ty biomarkers can be detected in small animal
model systems, allowing safety studies to be inte-
grated very early in the product pipeline. A good
example is the use of IA systems based on SMC to
quantify cTnl in small volume samples from rats,
dogs and monkeys” allowing for pre-clinical time-
lapse studies of cardiotoxicity.

Early rule in/rule out decisions

Shifting drug efficacy and safety studies earlier
into the product pipeline allows rule-in/rule-out
decisions to be made earlier in the development
cycle to avoid costly late-phase attrition and mar-
ket failures. SMC-based systems enhance this
process by providing ultra-sensitive detection of
biomarkers with high precision, providing a larg-
er set of discreet data points with which to make
quality decisions. SMC systems can be used to test
very small volumes — as low as 1-5ul of serum5 —
without compromising assay sensitivity. This
enables greater sampling from individual small
animals, time-course study design, capability to
test a panel of biomarkers in each sample, and bet-
ter discrimination between samples. The ability to
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conduct timed trials through serial testing allows
for the measurement of biomarker velocity. The
use of small volumes allows for efficient sample
acquisition and conservation, enabling the use of
valuable bio-repository samples (including plas-
ma, CSE, interstitial fluids, sputum, etc) in order to
determine the clinical relevance of a biomarker.
All of these benefit the researcher by expanding
opportunities for robust early phase clinical study
design. In a similar fashion, SMC technology can
be applied to reposition drugs at market, improve
allocation of development resources, and decrease
time to market, all of which ultimately bring ben-
efit to the patient.

Enabling personalised medicine

We are in a post-omics era, and we are now seeing
regular demonstrations of the clinical relevance of
genomic and proteomic data. We know that indi-
viduals with the same disease can have unique
risks, presentations and responses to therapy.
How can new diagnostic technology add value to
translational researchers in the post-omics era?
One way SMC technology is bringing value to
researchers is by enabling the translation of bio-
marker discovery into the determination of risk
for disease development. For example, SMC tech-
nology has been used recently to discover and val-
idate a panel of protein biomarkers constituting a
new diagnostic assay, the PreDx Diabetes Risk
Test, which predicts a patient’s risk of developing
Type 2 Diabetes within five years8. This new diag-
nostic assay quantifies a risk score from the meas-
urement of a panel of relevant biomarkers identi-
fied through the discovery process. From studies
like these, we continue to learn that different
patients may have different pre-dispositions for
disease, different disease pathologies, and require
different therapies. With SMC technology, bio-
marker panels can be utilised to pre-screen patient
cohorts for contra-indications, to administer tar-
geted therapies for different disease presentations
or patient profiles, or to avoid contra-indications
for administering drugs to subsets of patients. In
this way SMC diagnostic systems will evolve per-
sonalised medicine into more than just a buzz
word, and into an approach which is implemented
at the bedside.

Summary

SMC-based diagnostic technologies are continuing
to increase the sensitivity of molecular diagnostic
platforms, benefiting a broad spectrum of transla-
tional researchers. These new diagnostic systems
should strive to meet the changing needs of trans-
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lational researchers by playing a supporting role
throughout the entire bench to bedside spectrum.
This expanded role for diagnostics will require
continued clinical evaluation of SMC-based diag-
nostic systems with the flexibility to provide a
broad range of clinical utility. Looking to the
future of molecular medicine, this kind of partner-

ship will be invaluable. DDW
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Immunoassays

HOW LOW CANYOU GO?

next generation immunoassay
systems and the revival of
protein biomarkers

Proteins are the machinery that drive most biological processes; however,
measuring their concentrations at low levels has been historically impeded by a
lack of appropriately sensitive technology. Advances in immunoassay

technology, such as single molecule counting, have provided orders of
magnitude of increased sensitivity. These novel technologies are enabling new
discoveries and a clearer understanding of previously intractable biology. Here
we discuss how single molecule counting technology can brighten the future of

translational research, drug discovery and personalised medicine.

here is a great paradox facing drug devel-

opers: get the most innovative and effective

new drugs from bench to bedside as quick-
ly as possible while meeting stringent regulatory
demands that demonstrate robust safety and effi-
cacy. This leaves quite a dilemma. Pressure to drive
innovative drug candidates through the pharma-
ceurical pipeline into clinical trials leads to a high
level of attrition, where even the most promising
drug candidates can fail. This keeps promising
therapies from needy patients and leaves pharma
footing the bill. The key to solving this puzzle is to
effectively rule-in or rule-out drug candidates early
in the pipeline, before they enter into costly late
phase clinical trials.

Biomarkers - the beacon of
translational biology

One can view classic biochemistry as the original
drug discovery machine, beginning with discovery
and purification of insulin from pancreatic islet
cells in dogs. The medicinal application of this
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discovery led to a Nobel Prize in 1923 and paved
the way for the first pharmaceutical giant: Eli
Lilly & Sons. The biology around protein analy-
sis remained the mainstay of big pharma until the
molecular revolution of the 90s led into the
genomics era. The difficulties of specific and sen-
sitive protein detection helped set the stage for the
molecular revolution, where genomics-based
approaches have taken centre stage. However,
this does not change the central dogma of biolo-
gy, that our pathopysiology is ultimately deter-
mined at the protein level. Therefore we must
continue to develop advanced protein detection
systems, even for protein biomarkers with previ-
ously intractable biology.

The strength of the biomarker movement has
been its promise to provide a standardised metric for
evaluating new therapies across disease states. In
this way biomarkers have become inseparable from
the drug development process, and may combine
physiological and molecular biomarkers for disease.
However, molecular and protein biomarkers (ie
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¢Tnl, insulin) have a strong advantage over physio-
logical biomarkers (ie electrocardiogram, BMI)
because they are more quantitative and less subjec-
tive. A desired approach is to use protein biomark-
ers for the targeted disease in early phase I/II studies
to understand if a candidate drug exerts a dose-
dependent pharmacodynamic (PD) effect on bio-
markers that are either in the disease pathway or
that are a direct target of the drug. If a drug candi-
date does not impact the concentration of a relevant
biomarker in a dose dependent fashion, this will halt
development of the compound. The ecarlier a prob-
lem drug can be screened out the better, saving the
expense of costly late phase clinical trials. However,
in many cases technology to do this effectively has
been a limiting factor, especially for measuring pro-
tein biomarkers in readily available specimens such
as blood plasma or serum.

Systems biology ushers in a new paradigm, and
shifts attitudes from scepticism towards carly
adoption and implementation of cutting edge tech-
nology. We have seen the fields of genomics and
bioinformatics grow under this strategy, which can
now be applied towards validation of these discov-
eries at the protein level. In order for this to work
requires the successful deployment of several
approaches: biomarker discovery, target valida-

tion, assay development, instrumentation and clin-
ical trial management. There has been an attempt
to unify these approaches under the umbrella of
translational research, which has become a hot
buzz word even though few people seem to agree
on how it is defined or executed. One thing most
researchers agrec on is that this integrative
approach is the future of pharmaceutical develop-
ment, as evidenced by investments by both the
NIH and the European Commission towards fund-
ing translational rescarch centres and consor-
tiums -2, The point of confusion usually concerns
where and how researchers fit into the very broad
‘bench-to-bedside” model. Diagnostics is unique in
that it can play a supporting role across the entire
bench-to-bedside spectrum, since there is some-
thing to be measured every step of the way.

The disease continuum - a full
spectrum of disease states

In a general sense, current diagnostic guidelines
based on quantification of protein-based bio-
markers suffer from three distinct challenges.
First, assay sensitivity is often what determines
the lower limit of the threshold and the diagnos-
tic cut-off value. Second, the threshold system
only reveals the tip of the iceberg when it comes
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to disease states. As in ¢Tnl, a potential gold mine
of information resides beneath the 99th percentile
threshold value for a clinically relevant biomark-
er. This valuable information, quantifiable by sin-
gle molecule counting (SMC) technology in par-
ticular, could be used to diagnose, stratify, deter-
mine risk, or aid in disease prevention. Third,
development of a discase state is not an on/off
proposition. Rather, there is a continuum of dis-
ease development which makes disease onset and
diagnosis difficult to mark. When does a patient
cross the line to a full-fledged disease state? The
fuzzy line marking disease onset is a common
cause of diagnostic failures.

An excellent example of prolonged disease onset
leading towards diagnostic failure is Alzheimer’s
Disease (AD). Right now, the only definitive diag-
nosis of AD is a post-mortem examination of brain
tissue for amyloid plaques and neurofibrillary tan-
gles. Currently, clinical diagnosis of this disease is
diagnosed by ruling out other probable causes for
the symptoms of AD, which are usually only
apparent after significant disease progression has
occurred. Thus there is no reliable way at this time
to clinically define when this complex disease offi-
cially starts, and an FDA approved molecular diag-
nostic for AD is desperately needed.

The need for an early diagnosis for AD is espe-
cially important as new therapies for AD are devel-
oped, which provide better patient outcomes when
administered early in the course of the discase.
Currently, there is no FDA approved protein bio-
marker for clinical diagnosis of Alzheimer’s dis-
ease, though there are some hopeful candidates:
beta-amyloid and tau proteins.

However, further clinical validation of this new
diagnostic information will be necessary to define
the disease state and set the guidelines for early
diagnosis and onset of AD.

In this way, protein biomarker programmes in
AD and other disease areas can benefit immensely
from the application of novel immunoassay tech-
nologies with ultra-sensitive detection.

The solution - integrating novel
technology into next generation
immunoassay systems

Fluorosphere immunoassays (Luminex) — xMAP
technology integrates flow cytometry, micros-
pheres, lasers, digital signal processing and tradi-
tional chemistry to feature a flexible immunoas-
say system that can be configured to perform a
wide variety of bioassays. Luminex uses colour-
coded microspheres, which can be combined into
100 distinct sets. Each bead set can be coated
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with a reagent specific to a particular bioassay, «
allowing the capture and detection of specific
analytes from a sample. Within the Luminex
compact analyser, lasers excite the internal dyes
that identify each microsphere particle, and also
any reporter dye captured during the assay. In
this way, xMAP technology allows multiplexing
of up to 100 unique assays within a single sam-
ple, both rapidly and precisely. However, multi-
plexing can come at the expense of assay sensi-
tivity and this technology generally does not pro-
vide sensitive measurements beyond what has
been historically obtained with 96-well enzymat-
ic assays (eg ELISA).

Gold nanoparticle probes (Nanosphere) -
Nanoparticles can be used as the solid phase for
protein capture by attaching specific capture anti-
bodies for specific analytes. Detection is achieved
by arttaching bio-barcode nucleic acid probes,
which are specifically amplified and quantified.
Sequence tagged barcodes are then correlated with
specific analyte capture. Multiplexing is accom-
plished by changing the bio-barcode tags on a set
of gold microparticles, providing a method for dif-
ferential readout. However, the amplification step
and multiplexing can increase background and can
impact assay precision.

Single Molecule Counting (SMC)=based systems
(Singulex) — Singulex has developed a proprietary
immunoassay technology, which leads the next
generation of molecular diagnostic technologies
capable of quantifying biomarkers at the sub-
picogram level. The proprietary Singulex
immunoassay technology utilises paramagnetic
microparticles (MPs) as the solid phase for
immune-capture and detection of analyte from a
complex biological sample, providing enhanced
specificity, sensitivity and precision by 1-3 logs
over existing plate-based methods. The incorpora-
ton of SMC technology into next generation
immunoassays, like the Singulex Erenna System, is
already having an impact by quantifying proteins
at sub-picogram levels3:4.

The impact of next generation
immunoassay systems

Each of these new immunoassay systems adds value
by increasing sensitivity to unprecedented levels of
detection, some to below the femtomolar range.
The benefit of this new limit of diagnostic sensitiv-
ity is the availability of a new tool kit for solving
intractable problems in the biology of disease and
to embark upon clinical investigations which were
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Figure 2
Range of cTnl in humans and
rats compared to assay LoD
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previously considered untenable. There are several
strategic applications of these new technologies
towards key issues facing drug development.

Making new biological discoveries

Fundamental to drug discovery is the understand-
ing and manipulation of how biological pathways
are altered during disease. These fundamental
questions are tackled during preclinical stages of
discovery and development, often times in cell cul-
ture or small animal model systems for which sen-
sitivity and precision of measurements is an issue.
For example, there are several genetic mouse mod-
els for diabetes, however accurate insulin measure-
ments in fasted female mice are notoriously diffi-
cult. Recently the Singulex proprietary immunoas-
say has been shown to make accurate quantifica-
tions from only Sul. mouse plasma samples, allow-
ing long-term monitoring of insulin over timeS. In
this model, the accuracy of the Erenna System has
been shown to provide superior precision over cur-
rently available commercial assays (Figure 1).
Long-term monitoring is also an issue for studies of
cardiotoxicity studies in small animals, and the
same immunoassay system has shown the ability to
accurately quantify cTnl levels from 15uL samples
of healthy rat serum®. Interestingly, the healthy
range of ¢Tnl levels in rats is consistent with meas-

urements in other animals, including humans” and
is far below the LoD of other currently available
commercial assays (Figure 2). Lastly, another fac-
tor important during the discovery phase is the
ability to quantify multiple targets, which also ben-
efits from small volume assays due to increased
sensitivity. For example, a recent diagnostic test for
diabetes was released that calculates risk based
upon the quantification of a panel of biomarkers
from samples as small as1.3 ul8,

Early disease detection

The ultimate diagnostic challenge is to detect the
onset of disease as early as possible. In terms of
patient risk, earlier diagnoses are correlated with
better patient outcomes, assuming that efficiacious
therapeutic modalities can be employed. The devel-
opment of clinically relevant molecular biomarkers
has already had a huge impact on diagnosis of dis-
ease, however a continuing problem is that current
guidelines rely on the establishment of cut-off val-
ues and thresholds for making a diagnosis. These
requisite guidelines were set because technologies
at that time could not provide the requisite sensi-
tivity. Now we can measure the complete spectrum
from healthy to disease state and hence need to
think differently. For example, cardiac troponin-I
(cTnl) is considered the gold srandard for
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diagnosis of acute myocardial infarction (AMI),
and recent guidelines recommended using a diag-
nostic cut-point set at a ¢Tnl concentration where
the assay imprecision exceeds 10%CV. These cut-
points are far removed from the reference range of
healthy volunteers and hence small increases in
cTnl in the population or within individuals can-
not be measured. The Singulex immunoassay tech-
nology offers a solution by achieving the sensitivi-
ty and precision with which to quantify ¢Tnl to
levels below those found in healthy patients3:4,
allowing accurate investigation into the clinical rel-
evance of values below the threshold compared to
other leading immunoassays (Figure 2).
Additionally, quantifying acute changes in analyte
may provide diagnostic information in the form of
biomarker velocity. For example, ¢Tnl velocity
before and after stress testing has been shown to be
a promising indicator to detect transient myocar-
dial ischaemia?, diagnostic information which can
be used for risk stratification and prediction of
adverse cardiac events (Figure 3). Similarly, this
concept is currently used for prostate cancer man-
agement, whereby a rapid increase in PSA levels
after surgical intervention is associated with
unfavourable outcomes. This new diagnostic infor-
mation may allow earlier disease detection and

therapeutic intervention, ultimately saving lives.

Targeting baseline levels in healthy states

The issue still remains once ‘official’ guidelines are
set, what diagnostic information resides below the
threshold? Are we throwing away data that could
have an impact on diagnosis, basic research and
therapeutic development? The diagnostic goal
should not be to merely capture the tip of the ice-
berg, but to gather all of the relevant data below
the threshold — ultimately including baseline meas-
urements of biomarkers in healthy subjects. After
all, if you measure the sick and dying, then you will
know when patients are sick and dying. If you
measure the healthy, then you will know when
patients are not healthy — which is a much better
proposition. Development criteria for diagnostic
sensitivity of immunoassay systems should be rede-
fined in terms of quantifying biomarkers in easily
collected, routine samples like serum from healthy
individuals. By integrating SMC technology into
immunoassay systems, the next generation of
molecular diagnostics will have a large impact on
translational research by the routine establishment
of biomarker baseline profiles from healthy sub-
jects. For example, recently a panel of pro-inflam-
matory cytokines was quantified in serum samples
from normal healthy blood donors using the
Erenna System (Singulex), a new IA system based
on SMC technology!¥. As more ultra-sensitive
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Figure 3
Use of cTnl for detecting
cardiac risk and stratification
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Figure 4

Erenna immunoassay system
LoD compared to the
measured range of analyte
quantified in healthy human
subjects
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immunoassay systems are used for this type of
research, healthy reference ranges can be deter-
mined that define baseline levels of clinically
important biomarkers (Figure 4). This brings
immediate benefit to current research and develop-
ment programmes, and brings future benefits in
clinical settings to improve patient outcomes.

Better efficacy and safety

Evidence-based medicine is pushing pharmaceuti-
cal developers to prove that the clinical benefit
outweighs risk of administering a drug. Next gen-
eration IA systems can immediately benefit phar-
maceutical developers by increasing the sensitivity
of assays for biomarkers used as surrogate end-
points and safety biomarkers. SMC technology
strengthens this application of biomarkers by
quantifying a reference range of baseline biomark-
er levels in healthy subjects, providing a necessary
comparison for determining the efficacy and safe-
ty of new therapies. For showing drug efficacy, the
return of a companion diagnostic biomarker to
levels at or below those in healthy subjects builds
a strong case for clinical benefit. During drug safe-
ty studies, biomarkers indicative of adverse events
can be measured with SMC systems to be sure

they are not substantially elevated above healthy
levels. Also, with SMC technology a panel of safe-
ty biomarkers can be detected in small animal
model systems, allowing safety studies to be inte-
grated very early in the product pipeline. A good
example is the use of IA systems based on SMC to
quantify ¢Tnl in small volume samples from rats,
dogs and monkeys” allowing for pre-clinical time-

lapse studies of cardiotoxicity.

Early rule in/rule out decisions

Shifting drug efficacy and safety studies earlier
into the product pipeline allows rule-in/rule-out
decisions to be made earlier in the development
cycle to avoid costly late-phase attrition and mar-
ket failures. SMC-based systems enhance this
process by providing ultra-sensitive detection of
biomarkers with high precision, providing a larg-
er set of discreet data points with which to make
quality decisions. SMC systems can be used to test
very small volumes - as low as 1-5ul of serum’ —
without compromising assay sensitivity. This
enables greater sampling from individual small
animals, time-course study design, capability to
test a panel of biomarkers in each sample, and bet-
ter discrimination between samples. The ability to
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conduct timed trials through serial testing allows
for the measurement of biomarker velocity. The
use of small volumes allows for efficient sample
acquisition and conservation, enabling the use of
valuable bio-repository samples (including plas-
ma, CSE interstitial fluids, sputum, etc) in order to
determine the clinical relevance of a biomarker.
All of these benefit the researcher by expanding
opportunities for robust early phase clinical study
design. In a similar fashion, SMC technology can
be applied to reposition drugs at market, improve
allocation of development resources, and decrease
time to market, all of which ultimately bring ben-
efit to the patient.

Enabling personalised medicine

We are in a post-omics era, and we are now seeing
regular demonstrations of the clinical relevance of
genomic and proteomic data. We know that indi-
viduals with the same disease can have unique
risks, presentations and responses to therapy.
How can new diagnostic technology add value to
translational researchers in the post-omics era?
One way SMC technology is bringing value to
researchers is by enabling the translation of bio-
marker discovery into the determination of risk
for disease development. For example, SMC tech-
nology has been used recently to discover and val-
idate a panel of protein biomarkers constituting a
new diagnostic assay, the PreDx Diabetes Risk
Test, which predicts a patient’s risk of developing
Type 2 Diabetes within five years$. This new diag-
nostic assay quantifies a risk score from the meas-
urement of a panel of relevant biomarkers identi-
fied through the discovery process. From studies
like these, we continue to learn that different
patients may have different pre-dispositions for
disease, different disease pathologies, and require
different therapies. With SMC technology, bio-
marker panels can be utilised to pre-screen patient
cohorts for contra-indications, to administer tar-
geted therapies for different disease presentations
or patient profiles, or to avoid contra-indications
for administering drugs to subsets of patients. In
this way SMC diagnostic systems will evolve per-
sonalised medicine into more than just a buzz
word, and into an approach which is implemented
at the bedside.

Summary

SMC-based diagnostic technologies are continuing
to increase the sensitivity of molecular diagnostic
platforms, benefiting a broad spectrum of transla-
tional researchers. These new diagnostic systems
should strive to meet the changing needs of trans-
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lational researchers by playing a supporting role,
throughout the entire bench to bedside spectrum.
This expanded role for diagnostics will require
continued clinical evaluation of SMC-based diag-
nostic systems with the flexibility to provide a
broad range of clinical utility. Looking to the
future of molecular medicine, this kind of partner-

ship will be invaluable. DDW
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libraries.org

A directory of libraries throughout the world
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¢ Guides

¢ Documents
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¢ Products »

¢ News

¢ Procurement

¢ Member Login »

found 3 items where the item contains National Library of Medicine. Showing item 2 of 3.

National Library of Medicine
United States -- National Library of Medicine

https://librarytechnology.org/library/2297

<< prev next >> | search: [:

Address: 8600 Rockville Pike
Bethesda, Maryland
20894
United States

Connect to: Library Web Sites/ Online Catalog

Library details: National Library of Medicine is a National library.
This library is affiliated with National Library of Medicine (view map) .

National Library of Medicine

Other Info: The National Library of Medicine (NLM), on the campus of the National Institutes of

Interlibrary Loan or Resource Sharing

Health in Bethesda, Maryland, has been a center of information innovation since its
founding in 1836. The world’s largest biomedical library, NLM maintains and makes
available a vast print collection and produces electronic information resources on a
wide range of topics that are searched billions of times each year by millions of
people around the globe. It also supports and conducts research, development, and
training in biomedical informatics and health information technology. In addition, the
Library coordinates a 6,000-member National Network of Libraries of Medicine that
promotes and provides access to health information in communities across the
United States.

@

Permalink: "™ https://librarytechnology.org/library/2297

(Use this link to refer back to this listing.)

Administration: The director of the library is Dr. Stephen Sherry (Acting) .

OARL

Affiliations: The library is a member of the Association of Research Libraries

Technology Profile

Product Name Year Contracted

Current Automation System Alma 2020
Previous Automation System Voyager 1998
Discovery Interface Primo 2020
Digital Collection Management Fedora
ILLiad

Relias ILL

This library is responsible for the procurement of the library automation system.
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Related Libraries

¢ All members of the Association of
Research Libraries members

¢ Directory of ARL Member
Libraries

¢ Libraries located in Bethesda
(Maryland)

¢ all National libs in Maryland

About libraries.org

libraries.org is a free directory of libraries
throughout the world.

This directory is a component of Library
Technology Guides.
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Record History: This listing was created on Aug 11, 1998 and was last modified on Jan 14,
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Updates: Corrections or Updates? Registered members of Library Technology Guides can
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EX-1006E Webpage of Drug Discovery World archived by Internet Archive on
December 8, 2009, available at
https://web.archive.org/web/20091208050404/https://www.ddw-online.com/.
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EX-1024A Webpage of INNOTEST archived by Internet Archive on September 14,
2004, available at
https://web.archive.org/web/20040914040003fw_/http://www.innogenetics.be/site/
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https://web.archive.org/web/20040914040003/www.innogenetics.be/site...

The Wayback Machine - https://web.archive.org/web/20040914040003/http://www.innogenetics.be:80/site/prodview.asp?id...

INNOTEST™ hTAU Ag

INNOTEST™ hTAU Ag is an ELISA micro plate assay for the quantitative determination of human tau

antigen in human cerebrospinal fluid (CSF).

Combined use of CSF-tau and CSF-AR42 markers results in a high sensitivity and specificity for
Alzheimer’s disease versus normal aging and other neurological disorders (1, 2, 3, 4, 5)

Article number: 80005
Number of tests: 1 plate of 96 tests (8-well strips)

e “\é. ol

Alzheimer

Easy, reliable and specific quantification of CSF-tau.

The combined use of CSF-tau and CSF-AB42 markers

allows differentiation between AD and normal aging/
other neurologic disorders.

Features & Benefits:

¢ Convenient
User-friendly enzyme immunoassay

* Easy
Minimum of handling steps

25 pl of CSF, duplo testing is strongly recommended and requires 2x25 pl of CSF

¢ Reliable
Reproducible results within the standards range

* Broad assay range
Lowest detection limit: 60 pg/ml
Standards range: 75 to 1200 pg/ml

¢ Clinical utility:

High sensitivity and specificity for the differentiation of Alzheimer’s disease from normal aging or
other neurological disorders such as depression, when used in combination with CSF-AR42 (1,

2,3,4,5).

Background:

4/29/25,7:28 PM
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Alzheimer’s disease (AD) can be considered as being the most important of all neuronal degenerative
diseases because of its frequent occurrence (accounting for 60% of all senile dementias) (6) and
devastating consequences. Given the gradual aging of the population and an exponential increase in
the prevalence of AD after the age of 65 (from 5% at age 75-79 to 19% at age 85-89) (6, 7), the
detection of AD is one of today’s major challenges for healthcare. AD diagnosis is based on the
presence of characteristic clinical features, the exclusion of other causes of dementia, and post-mortem
confirmation. Current diagnostic criteria for probable AD, such as the NINCDS-ADRDA (8) or DSM-IV
(9), lack the necessary specificity and sensitivity to discriminate AD from other causes of dementia such
as vascular dementia (VAD), dementia with Lewy bodies (DLB), or co-existing Parkinson’s disease
(PD). Clinico-pathological studies reveal accuracy rates between 63% and 90% at academic medical
centers (10, 11). As specific therapeutic options are currently emerging, there is a definite need to seek
means of improving diagnostic approaches.

The two most widely recognized pathological features of AD, although not 100% specific, are senile
plaques and neurofibrillary tangles in the brain (12, 13). These features also seem to correlate with the
degree of dementia. Since biochemical changes in the brain are known to alter the composition of
cerebrospinal fluid (CSF), tests based on the quantitative detection of these features in CSF may be
helpful in the diagnosis of Alzheimer's disease.

Senile plaques consist largely of an insoluble peptide called R-amyloid (AR).

The main type of R-amyloid is AR 42, a sticky protein fragment abnormally cleaved from a larger
precursor protein called amyloid precursor protein or APP. Amyloid deposits are sparsely found in
different regions of the normal aging brain, between the brain’s nerve cells, but become increasingly
more abundant in the initial and subsequent stages of AD. As a result, R-amyloid(1-42) concentrations
in the CSF of AD patients are significantly lower compared to age-matched controls (14).

Tangles are mainly composed of abnormal aggregations of tau protein. Normally, this protein is
abundantly present in neurons where it serves to stabilize the microtubular network in the axons (15). In
Alzheimer's disease, and particularly in those brain regions affected, the tau protein becomes
abnormally phosphorylated, and this hyperphosphorylated form twists itself into paired helical filaments.
These filaments aggregate to form the neurofibrillary tangles. When this happens, tau can no longer
fulfil its stabilizing function, resulting in a collapse of the cell's internal transport, communication
malfunction between nerve cells, and neuronal loss.

Since tau is normally an intracellular protein, the amount found in cerebrospinal fluid (CSF) is low.
However, in Alzheimer's disease, the slow neurodegenerative process leads to increased neuronal loss
which may give rise to increased tau levels in CSF.

The development of high affinity monoclonal antibodies highly specific for tau, tau phosphorylated at
threonine 181, and specifically recognizing well-defined epitopes of AR has led to simple tests for the
quantification of tau (INNOTEST™ hTAU Ag) (16), phosphorylated tau (INNOTEST™ PHOSPHO-
TAU(181P)) (17) and AR 42 (INNOTEST™ R- AMYLOID(1-42)) (18) in CSF.

Reference values for both CSF-tau and CSF-AR42 have been established (19). Multi-center studies

https://web.archive.org/web/20040914040003/www.innogenetics.be/site...
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and meta-analysis in the United States (2, 5) and Japan (3), as well as an international multi-center
study (1), consistently found that the combined use of CSF-tau and CSF-AR42 marker quantification
results in a high sensitivity and specificity (> 80%) to distinguish AD patients from healthy controls and
other neurological disorders like depression. These results confirm the added value of biomarkers,
especially in the light of the Consensus guidelines, established by the Working Group on Molecular and
Biochemical Markers for AD (20) stating that a useful biomarker should have a sensitivity of more than
80% for detecting AD and a specificity of more than 80% for distinguishing other dementias. The value
of CSF-tau, CSF-AR42, and CSF-phospho-tau in differential and early diagnosis has been described in

several studies (21, 22, 23, 24, 25).

These tests may also prove to be of value in monitoring long-term effects of disease-modifying

therapies.
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Improved discrimination of AD patients using R-amyloid(1-42) and tau levels in CSF.

Levels of TAU protein in cerebrospinal fluid are correlated with neuronal loss in Alzheimer’s
disease.

Are elevated CSF tau levels in Alzheimer patients related to clinical parameters?
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CSF tau is related to apolipoprotein E genotype in early Alzheimer’s disease.
Phosphorylated tau in cerebrospinal fluid as marker for Creutzfeldt-Jacob disease
CSF-phospho-tau (181P) as a promising marker for discriminating Alzheimer’s disease from
dementia with Lewy bodies.

Highly increased CSF tau protein and decreased 3-amyloid (1-42) in sporadic CJD: a
discrimination from Alzheimer’s disease?

CSF markers for the diagnosis of Alzheimer’s disease.

Effects of cholinesterase inhibitors on Alzheimer’s disease biomarkers.

Customer support

For all inquiries regarding Innogenetics products and instrumentation we offer the service of our
customer support team. This team of technical experts is commited to dealing with

e General inquiries

e Technical assistance

e Complaint resolution

To conserve your time and eliminate the need to navigate through the company structure, the customer
support team is designed to be your principle point of contact. They will ensure that all product-related
inquiries are handled by the appropriate person. For this service please contact us.
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Alzheimer's Disease (AD)

It is estimated that 5.3 million Americans, or approximately one in eight people over the
age of 65, are living with AD, which necessitates long-term care services in excess of $148
billion annually. In clinical practice today, a diagnosis of AD is derived from patient history,
neuropsychological and routine laboratory tests, and imaging studies to exclude other
causes of dementia and treatable forms of disease. The accuracy of diagnosis among
experienced clinicians is approximately 85%, and even lower at the primary care level.
Objective diagnostic tests could therefore aid in the clinical workup of patients. Existing
laboratory tests currently measure proteins present in cerebral spinal fluid (CSF). However,
because CSF collection requires an invasive lumbar puncture (spinal tap), these tests are
not widely utilized in primary care settings or geriatric practices. For the first time, using
Quanterix’s SiMoA technology, it is now possible to detect these same proteins with a
simple blood test, even though they are present in the blood at exceedingly low
concentrations, well below the limit of detection achieved by standard testing methods.

Quanterix is developing an Alzheimer’s Disease test panel test that will enable “rule in”
diagnosis of AD from a simple blood test, eliminating the need for invasive medical
procedures, shortening time to diagnosis, and reducing the use of expensive imaging
modalities. Quanterix will enter into clinical collaborations to validate that the changing
levels of these biomarkers track with disease progression.

Selected biomarkers from this test panel may also have clinical utility in diagnosing other
neurological disorders including Parkinson’s disease, bipolar disorder, stroke and traumatic
brain injury (TBI).

The primary care doctors, internists, geriatricians; these are the people who
are on the front-line diagnosing and caring for people with cognitive impairment and
dementia. And I believe that this is also the group who would appreciate and benefit
the most from having a simple blood-based panel available.

John Growdon, MD Massachusetts General Hospital

One Kendall Square, Suite B14201, Cambridge, MA 02139
Tel: 617-301-9400 Fax: 617-301-9401

https://web.archive.org/web/20100529185326/www.quanterix.com/applications/ad.html
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high definition diagnostics®"

Quanterix Applications Technology Products Partnering Events / News Contact Us

Products » Assay Kits

Assay Kits

Quanterix is developing a rapidly growing menu of validated assays in a number
of research fields. Visit this page often as new assays will be added as they
become available.

= Cardiovascular
= Inflammation

= Metabolic

= Multiplex Panels
= Neurology

= Oncology and Vascular

Let us know if there is a particular biomarker for which you'd be interested in
obtaining greater sensitivity with Simoa!

Contact sales@quanterix.com for more information.

© 2013 | privacy policy | site map FOLLOW US: n m
113 Hartwell Avenue | Lexington, MA 02421 USA | +1(617) 301-9400 | info@quanterix.com

Quanterix, Simoa, and High Definition Diagnostics are trademarks of Quanterix Corporation.
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sequences representing all known high-risk HPV E6 were
tested, and PDZ 88 interacted with all of them with
greatest binding strength. Therefore, PDZ 88 was selected
as the capture reagent. The recognition of PDZ 88 to only
high-risk HPV E6 (e.g., HPV types 16, 18, 33, 35, 52, 58,
and 66) but not low-risk HPV E6 (e.g., HPV types 77 and
57) provides a high degree of selectivity for the assay.

Antibodies to HPV E6 from high-risk HPV types were
generated. The antibodies were screened for affinity and
cross-reactivity with other HPV E6. The antibody with the
strongest reactivity to HPV-16 E6 was selected as the
detector.

The magnetic immunochromatographic strip was se-
lected for evaluation as the assay platform on the basis of
ease of use and acceptability in low-resource settings,
inherent sensitivity of the technology, and the ability to
quantify results. MagnaBioSciences has developed a mag-
netic immunochromatographic test platform including an
assay cassette and reader that is suitable for developing
quantitative assays for a variety of analytes. The assay
described here was developed on this platform. Addi-
tional studies for the method have shown that strip-to-
strip reproducibility yields a CV of <10%, and reader
reproducibility yields a CV of 1.5% (data not shown).

The PDZ capture reagent was immobilized on a nitro-
cellulose membrane. Assays were assembled with a lam-
inate backing, membrane with immobilized PDZ, hydro-
philic sample pad, absorbent pad, and membrane cover
tape. Test strips were cut to a width of 7.5 mm. The
soluble-phase detection antibody was covalently conju-
gated to superparamagnetic particles.

Doubling dilutions of recombinant HPV-16 E6 from 332
to 52 ug/L were prepared in the proprietary assay
running buffer containing Tris, surfactants, and blocking
agents. The detection reagent was mixed with the sample,
and 250 pL was applied to the strip. On migration of the
sample, the strips were inserted into the magnetic strip
reader. The strip reader generated data curves. Peak
height was selected, and data were reported as relative
magnetic units (RMUs).

The assay cutoff was conservatively set at 3 times the
mean RMU of the negative controls. The RMU value for
each sample was divided by the cutoff. Samples >1 were
considered positive.

Lower amounts of the target protein led to lower RMU
values (Fig. 1B). Strips titrated with recombinant HPV-16
E6 and read on the magnetic strip reader exhibited a
linear response.

An initial prototype of the magnetic immunochromato-
graphic strip assay is capable of detecting recombinant
HPV-16 E6 down to 2.6 ng/assay (~2 600 000 cells). An
early version of the assay in an ELISA format detected
oncogenic E6 from cervical cancer cell lines down to 30
pg/assay (~30000 cells). Future steps include further
optimization to decrease detection limits and evaluation
of cell cultures and cervical cell swabs from clients. Once
utility with HPV16 is demonstrated, additional high-risk
HPV types will be added to the assay.

Abstracts of Oak Ridge Posters

Funding for this work was provided by the Bill ang
Melinda Gates Foundation and by National Institutes of
Health SBIR award number 1 R43 CA103383-01.
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Single-Molecule Detection for Femtomolar Quantifica-
tion of Proteins in Heterogeneous Immunoassays, Fric
A. Nalefski, Christina M. D"Antoni, Evan P. Ferrell, Janice A.
Lloyd, Haoqun Qiu, John L. Harris, and Duncan H. Whitney
(U.S. Genomics, Woburn, MA; * address correspon-
dence to this author at: U.S. Genomics, 12 Gill St., Suite
4700, Woburn, MA 01801; fax 781-938-0060, e-mail
dwhitney@usgenomics.com)

There is growing interest in the development of ultrasen-
sitive immunoassays to facilitate validation of novel
biomarkers, especially serum biomarkers, and the appli-
cation of those assays in clinical settings (1). Current
assays focus predominantly on abundantly produced
protein biomarkers, such as cardiovascular structural pro-
teins that leak into the bloodstream, and less so on low er
abundance cytokines and chemokines (2). Even rarer
markers, such as those released from cancerous cells into
the bloodstream, remain more elusive (3). Approaches
that exploit recent technological advances in molecular
imaging, especially at the single-molecule level (4), a-e
likely to improve the detection limits of the immunoassav,
and therefore enable improved detection of these mark-
ers.

Microfluidic sample delivery and confocal microscop¢
detection of labeled biomolecules are useful for detecting
targets of interest (5,6). Two-color correlation counting
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ived from focused laser-induced excitation allows for
h signal-to-noise detection even in the presence of
e excesses of free probes, enabling measurement of
gle molecular events (6). Flow velocity and data acqui-
on rates can be matched to provide highly accurate
antification, even for rapid analyses on the order of
onds per sample, and analysis time can easily be
ended to provide increased detection efficiency of rare
gets.
Development and application of new assays are
aightforward processes based on well-understood flu-
sscence methods. We describe application of the
logy® 2020 Single Molecule Analyzer for analysis of
terogeneous immunoassays. The human gonadotropin
Jicle-stimulating hormone (FSH), which plays a central
e in fertility (7), was chosen as a representative analyte
cause of its clinical importance and current clinical
irements for high-sensitivity detection (8).
The Trilogy 2020 instrument uses laser beams shaped
o stripes for fluorescence illumination and focuses the
ams through a microscope objective into the center of a
mple-delivering microcapillary (see the Data Supple-
ent that accompanies the online version of this article at
p:/ /www.clinchem.org/content/vol52/issuell). Flu-
escence collected through the objective lens is separated
o channels and focused onto a charge-coupled device
CD) camera. Photon counts are integrated over 110 ps
each of 10 superpixels spanning the width of each laser
ipe and stored in data bins. We developed a dynamic
resholding approach to identify and count fluorescence
ts arising from “in focus” probes (see the online Data
ipplement).
We developed a direct immunometric (sandwich) assay
r FSH based on a matched monoclonal antibody (mAb)
ir specific for FSH (Medix Biochemica). An a-chain—
ecific cspture mAb was biotinylated by reaction with
4 NHS-PEO,-Biotin  (Pierce Biotechnology),
ding to 2 biotins/antibody based on biotin quantifica-
by the avidin-2-4'-hydroxyazobenzene benzoic acid
od. We Cy5-labeled a B-chain-specific reporter mAb
y reaction with a FluoroLink™ Cy5 reactive dye (GE
ealthcare), leading to 5 dyes/antibody as measured
ith dye quantification by ultraviolet/ visible spectropho-
metry. The source of FSH was a purified preparation of
SH (Scripps Laboratories, cat. no. F0613) calibrated by
e manufacturer. Capture antibody was coupled to
ynabeads® MyOne™ Streptavidin C1 magnetic beads
dynal Biotech) at 20 pg per mg of beads in PBS/2%
ovine serum albumin and washed extensively before
se. Immunoreactions, performed in 96-well plates, con-
sted of a 100-uL sample, 2.5 ug prepared capture beads
0 ng capture antibody), and 2 nmol/L (30 ng) reporter
tibody. After orbital shaking for 1 h at room tempera-
ure, we collected beads with a plate magnet and washed
em 3 times with cold PBS/0.1% NP40. Reporter anti-
Jodies were eluted by addition of 30 puL of 2 mol/L
2lycine, 0.15 mol/L NaCl, and 0.01% NP40 for 5 min;
onger times did not lead to release of more molecules.
After the magnetic beads were removed, we neutralized
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the eluent with 3 uL of 2 mol/L Tris, pH 8.6, and 0.01%
NP40, and then analyzed the eluent on the Trilogy instru-
ment.

To characterize the platform sensitivity of the Trilogy
2020 instrument, we collected data on control dilutions of
the Cy5-labeled reporter antibody. Representative digi-
tized data traces from a buffer control or a solution
containing the Cy5-labeled antibody collected in the Red
channel over a 10 ms period are shown in Fig 1A. To
illustrate the increase in detected fluorescent events from
reporter antibody, signals recorded on the CCD camera in
each of the 10 pixels were gray-scaled on the basis of
increasing intensity (from white to black). Histogram
analysis of bin intensities collected in individual pixels
(Fig. 1B) illustrates the increase in mean intensity with
increasing antibody concentrations over a wide concen-
tration range. A dynamic thresholding approach to ana-
lyze a dilution series of the Cy5-labeled antibody (Fig. 1C)
reveals that the Trilogy 2020 device exhibits a lower limit
of detection (LLOD) of 15 fmol/L, defined as the smallest
antibody concentration that generates a mean (72 8SD)
signal that is greater than the mean (+2 SD) signal of a
buffer control. At this concentration of antibody, ~100
fluorescent events, which corresponds to less than a
zeptomole, above background levels were counted in 12 s.
The signal response in detecting dye-labeled antibodies
was linear up to at least 125 pmol/L, above which there
was a slight deviation downward from the prediction
line, revealing a linear response of ~4 orders of magni-
tude. The signal response, however, continued to increase
with even 1 nmol/L antibodies, indicating a dynamic
response of >6 X 10%

After releasing the captured reporter antibodies into
solution, we analyzed eluents from heterogeneous FSH
immunoreactions on the Trilogy instrument. Short seg-
ments of representative trace files are provided in Fig. 1,
D-E. Without added FSH, we detected only a few reporter
antibodies over the dynamic threshold (Fig. 1D). In con-
trast, considerably more reporter antibodies were de-
tected when FSH was included in the immunoreaction
(Fig. 1E). A dose-response curve was generated in which
FSH concentrations were increased over several logs, and
we used the dynamic thresholding approach to determine
the resulting antibody signal (Fig. 1F). Detailed analysis of
the curve revealed that the LLOD for the immunoassay
conducted under these conditions was 20 mIU/L FSH
(~34 fmol/L), in this case defined as the smallest concen-
tration of FSH that generates a mean signal that is 2 SDs
above that of a buffer control. For this concentration of
FSH, hundreds of fluorescent events, corresponding to
zeptomoles of antibodies, were counted above back-
ground in 12 s. The signal response continued to increase
to =200 IU/L FSH, yielding a total dynamic range >4000.
In contrast, commonly used enzymatic signal amplifica-
tion assays are reported to be at least 1 order of magnitude
less sensitive (8).

In conclusion, with the Trilogy platform, based on
confocal microscopic detection in microcapillaries, photon
bursts corresponding to fluorescently labeled antibodies
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Fig. 1. Single molecule detection.

(A), digitized data recorded in 10 adjacent pixels, represented on the x-axis, of the Red channel over 10 ms, represented on the y-axis, from control buffer (left) or a
4 pmol/L solution of Cy5-labeled antibody (right). Bin intensities recorded on the CCD were scaled downward 20-fold and then gray-scaled equivalently in both panels
from low intensity (white), to intermediate (grays), and to high intensity (black) for this representation. (B), histograms of bin intensities for data collected in single pixels
of the Red channel over 12 s from increasing concentrations of Cy5-labeled antibody (0-1000 pmol/L), illustrating the increase in mean bin intensity. The number of

bins was normalized to time. (C), dose dependence of the number of bins observed to exceed the

dynamic fluorescence threshold, normalized to time, on the

concentration of Cy5-labeled antibody. Symbols represent the mean of multiple replicates for no antibody (n = 20) or the indicated concentrations of antibody (i =
3). Standard deviations of replicates are indicated by bars, which are in most cases smaller than symbols. The solid line represents linear fitting of the data over
125 pmol/L; open symbols represent data deviating from linearity. LLOD is calculated here as 15 fmol/L. (D-E). Raw trace files collected in the Red channel over
100 ms in single pixels on eluents from immunoreactions containing no FSH (D) or 1 IU/L FSH (E). The dynamic threshold value of 4 counts used to detect antit ody
molecules is indicated by the dashed horizontal line. (F), FSH immunoassay dose-response curve, illustrating the dependence of observed numbers of bins that exceed
dynamically applied thresholds, normalized to time, on the amount of FSH in the reaction. Symbols represent mean values for multiple replicates of no FSH (n = 11)
or 12 different FSH dilutions (n = 3). Standard deviations of replicates are indicated by bars, which are smaller than symbols in most cases. The solid line represents
fitting of data with a 4-parameter logistic equation. LLOD is calculated here at 20 miU/L.

are readily distinguishable from background. Counting
molecular events, in turn, provides a very sensitive and
precise way to quantify biomolecules of interest. Analysis
times of only a few seconds are required to detect as little
as zeptomoles of protein analytes, leading to low femto-
molar LODs.

In addition to several advantages offered by heteroge-
neous formats (9), analyte enrichment during the capture
step provides a unique opportunity to capitalize on the
exquisite sensitivity provided by single-molecule analy-
sis. Because the interrogation zone is on the order of
femtoliters, the inner diameter of the sample delivery
microcapillary is on the order of tens of micrometers,
suitable counting statistics are achieved in seconds, and
only small volumes of captured and released reporter
antibodies are required for analysis. For instance, at 10
pm/ms, the typical linear flow velocity, only a few
microliters are consumed in 12 s, a small fraction of the
tens of microliters of reporter antibodies eluted from
immune reactions conducted on 100 pL of sample, as

reported here. Liquid handling procedures designed to
deal with smaller volumes would further decrease (he
required sample size. This feature would be very useful in
pediatric tests, for which only small sample volumes are
dedicated per test. An added advantage of the single
molecule approach is the requirement for only small
quantities of probe reagents: for the FSH assay describ.d
here, only 30-50 ng of capture and reporter antibodies e
consumed per sample per well, and even less would be
needed with further miniaturization.

We used FSH as an example to demonstrate the prin-
ciples and features of single-molecule, heterogeneous-
immunoassays. The platform should be equally suitable
for the analysis of other fluorescently labeled reporter
antibodies and antigens. Although interference, antibody
cross-reactivity, and matrix effects that potentially limit
other immunoassays must be considered, they pose 1.0
particular challenge for the single-molecule approach.
The present study used a capture approach involving
biotinylated antibodies immobilized to streptavidin-con-
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ated beads, but the method is not limited to this
proach; we have successfully quantified antigens with
sture strategies involving antibodies covalently attached
nonspecifically adsorbed to beads and membranes (data
t shown). Furthermore, with inclusion of additional sets of
ture reagents and reporter antibodies matching the other
orescent channels offered by the Trilogy instrument, the
atform can simultaneously detect multiple analytes (data
t shown). Finally, the platform can be used for precise and
wsitive detection of fluorescently labeled probe molecules
ed in other assays, including those specific for particular
cleic acids (5).
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Phone: 816-363-4600 Tuesday  9:00am  5:00 pm
Connect to: Library Web Sitev’ Online Wednesday =~ 9:00am  5:00 pm
Catalog Thursday  9:00am  5:00 pm
Library details: Linda Hall Library is a Friday ~ 9:00am  5:00 pm
Independent Research library. Saturday Closed
This library is affiliated with

Linda Hall Library (view map) .
The collection of the library
contains 860,000 volumes. The library circulates 30,000 items per year.

Other Info: The Linda Hall Library is the world’s foremost independent research library devoted
to science, engineering, and technology. A not-for-profit, privately funded institution,
the Library is open to the public free of charge and does circulate. This library
shares an ILS with the Spencer Art Reference Library (of the Nelson-Atkins Museum
of Art, also in Kansas City, MO). The combined catalog was formerly called
LEONARDO (named for the artist/inventor Leonardo da Vinci). LHL is a member of
the Independent Research Libraries Association.

(Use this link to refer back to this listing.)

7.
Permalink: | 6) https://librarytechnology.org/library/2294

Administration: The director of the library is Eric Dorfman .

Organizational structure: The library is part of a privately-funded organization. It operates on
a Non-profit financial model.

Collection size 860,000 volumes
Annual Circulation 30,000 transactions
Technology Profile

Product Name Year Contracted
Current Automation System Alma 2018
Previous Automation System Voyager 2010
Previous Automation System Horizon 1994

Previous Automation System None
Discovery Service (w/index) Ex Libris CDI 2010

https://librarytechnology.org/library/2294
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Related Libraries

« Libraries located in Kansas City
(Missouri)

« Libraries located in Jackson county
(Missouri)

« View map of libraries in Jackson
County

« all Independent Research libs in
Missouri

About libraries.org

libraries.org is a free directory of libraries
throughout the world.

This directory is a component of Library
Technology Guides.

Please contact Marshall Breeding to report
corrections about information listed for this
library.

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1043
000277

172



5/28/25,10:55 AM Linda Hall Library -- Linda Hall Library

Discovery Interface Primo 2010
Digital Collection Management CONTENTdm
Web Content Management WordPress
Item ID Type Barcode

The library's automation system is hosted by the vendor through an Software-as-a-Service
(SaaS) arrangement.

This library is responsible for the procurement of the library automation system.

Identifiers
libraries.org ID 2294
OCLC Symbol LHL
WorldCat Registry ID 99283

Record History: This listing was created on Aug 11, 1998 and was last modified on Apr 10,
2025.

Updates: Corrections or Updates? Registered members of Library Technology Guides can
submit updates to library listings in libraries.org. Registration is free and easy.

Already registered? login. Or, you can report corrections just by sending a message
to Marshall Breeding.

I libraries.org || Update this Entry ” Library Technology Guides

Maintained by Marshall Breeding

terms of service
Copyright 1994-2025
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EX-1035D PubMed metadata record for Nalefski, available at Pu at
https://pubmed.ncbi.nlm.nih.gov/18061992/ and the record with field labels at
https://pubmed.ncbi.nlm.nih.gov/18061992/?format=pubmed.
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Single-molecule detection for femtomolar quantification of proteins in h... https://pubmed.ncbi.nlm.nih.gov/18061992/

EE= An official website of the United States government

Here's how you know_

FULL TEXT LINKS

OXFORD

ACADEMIC
Clin Chem. 2006 Nov;52(11):2172-5. doi: 10.1373/clinchem.2006.072850.

Single-molecule detection for femtomolar
quantification of proteins in heterogeneous
immunoassays

Eric A Nalefski 1, Christina M D'Antoni, Evan P Ferrell, Janice A Lloyd, Haoqun Qiu, John L Harris,
Duncan H Whitney

Affiliations
PMID: 18061992 DOI: 10.1373/clinchem.2006.072850

No abstract available

PubMed Disclaimer

Related information

PubChem Compound (MeSH Keyword)

LinkOut - more resources

Full Text Sources
Ovid Technologies, Inc.
Silverchair Information Systems

Other Literature Sources
The Lens - Patent Citations Database
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18061992 https://pubmed.ncbi.nlm.nih.gov/18061992/?format=pubmed

AID - 10.1373/clinchem.2006.072850 [doil
PST - ppublish
SO - Clin Chem. 2006 Nov;52(11):2172-5. doi: 10.1373/clinchem.2006.072850.
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EX-1035E MEDLINE/PubMed Data Element (Field) Descriptions, archived by
Internet Archive on July 11, 2007, available at
https://web.archive.org/web/20070711034105/https://www.nlm.nih.gov/bsd/mms/
medlineclements.html.
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The Wayback Machine - https://web.archive.org/web/20070711034105/http://www.nIm.nih.gov/bsd/mms/medlineelement...

United States . _ Search NLM Web Site
ot National Library of Medicine [ I Go |
NLM

National Institutes of Health NLM Home | Contact NLM | Site Map | FAQs

Home > MEDLINE/PubMed Resources

MEDLINE®/PubMed® Data Element (Field) Descriptions

Printer-friendly Version

This document describes the major elements (or fields) found on the MEDLINE display format for PubMed MEDLINE
records. Some elements (e.g., Comment In) are not mandatory and will not appear in every record. Other elements
(e.g., Author, MeSH term, Registry Number) may appear multiple times in one record. Some of the elements on this
list are searchable fields in PubMed. For searching instructions, see the Search Field Tags section of PubMed Help.
This document is supplementary information, to be used in conjuction with PubMed Help. MEDLINE/PubMed XML data
element descriptions are also available.

PubMed MEDLINE display elements are presented in this section in alphabetical order, except in the case of certain
elements that are closely related to one another.

Abstract (AB) Investigator Name and Full Personal Name as
Copyright Information (CI) Full Investigator Name (IR)(FIR) Subject (EPS)
Affiliation (AD), ISSN (1S) Place of Publication (PL)
Investigator Affiliation (IRAD) ||Issue (IP) Publication History Status  (PHST)
Article Identifier (AID) Journal Title Abbreviation (TA). Publication Status (PST)
Author (AU) Journal Title aT) Publication Type (PT)
Full Author (FAU) Language (LA) Publishing_Model (PUBM)
Corporate Author (CN) MeSH Date (MHDA) PubMed Unique Identifier (PMID)
Comments/Corrections MeSH Terms (MH) Registry Number/EC (RN)
Date Completed (DCOM) | | NLM Unique ID (JID) Number -
Date Created (DA), Number of References  (RF). Substance Name (NM).
Date Last Revised (LR) Other Abstract (OAB) Secondary Source 1D (SI).
Date of Electronic (DEP) Other Copyright (ocI) Source _ . (S0)
Publication Information Space Flight Mission (SEM)
Date of Publication (DP) Other ID (0ID), Status (STAT)
Entrez Date (EDAT) | |Other Term (QT) Subset (SB).
Gene Symbol (GS) Other Term Owner (QTO) Title (TI)
General Note (GN) Owner (OWN) Transliterated Title (IT)
Grant Number (GR). Pagination (PG) Volume (VI).

Personal Name as

Subject (PS).

Abstract (AB)

English-language abstracts are taken directly from the published article. If the article does not have a published
abstract, the National Library of Medicine does not create one, thus the record lacks the Abstract element. If a
collaborating data producer has created an abstract, it will appear in the Other Abstract (OAB) field. This field may
be used in addition to or instead of Abstract.

Publishers have given the National Library of Medicine permission to use abstracts for which they claim copyright.
NLM does not hold copyright on the abstracts in MEDLINE. Users should obtain an opinion from their legal counsel for
any use they plan for the abstracts in the database.

Generally, there are no abstracts for records created before 1975. However, starting in April 2007 NLM began to add
abstracts from articles in PubMed Central (PMC) to the equivalent MEDLINE/PubMed citation record if that record
does not already contain an abstract. The abstracts are derived from the PMC scanning project which is digitizing the
back issues of participating PMC journals. As a result, additional records published prior to 1975 will contain
abstracts.

All abstracts are in English. Because data entry policies at NLM have changed over the years, abstracts in some
records may be truncated, in which case one of the following phrases may appear at the end of the text enclosed in
parentheses:

5/20/25,11:21 PM
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MEDLINE/PubMed Data Element (Field) Descriptions https://web.archive.org/web/20070711034105/https://www.nlm.nih.gov/...

ABSTRACT TRUNCATED AT 250 WORDS

ABSTRACT TRUNCATED AT 400 WORDS

ABSTRACT TRUNCATED (This message occurred infrequently once the maximum length was raised to
4,096 characters in 1996.)

Example:

AB - Many disorders may result in delay of language. . . .. The reason for
suggesting this diagnostic category is to stress that these children do initially
behave in a similar way to those who are peripherally deaf. (ABSTRACT TRUNCATED
AT 250 WORDS)

The maximum length of abstracts for records created after 2000 is 10,000 characters. Original policy on inclusion of
abstracts set a limit of 250 words for acceptance. Effective with the January 1984 data (i.e., NLM's ELHILL legacy
system 8401 Entry Month) two changes were made in this policy: 1) the word limit was expanded to 400 words for
abstracts from articles ten pages or more in length or from articles in the core journals identified by the National
Cancer Institute and 2) abstracts exceeding the 250- or 400-word limit are to be included in truncated form at the
end of the sentence closest to the word limit. The percentage of records with abstracts has increased over the years
as more publishers gave permission for NLM to include these data. A chart showing the number of MEDLINE records
containing abstracts in various segments of MEDLINE is available at: http://www.nlm.nih.gov/bsd/
medline_lang_distr.html.

Structured abstracts, describing key aspects of the purposes, methods, and results in a consistent way, are published
in some journals. The key aspects of structured abstracts are capitalized to stand out, e.g., BACKGROUND,
OBJECTIVES, METHOD, etc. The text is not broken into paragraphs. Structured abstracts were not truncated in the
past, even if they surpassed the previous 250 or 400 word limit.

Example:

AB - BACKGROUND: Superantigens produced by Staphylococcus aureus and
Streptococcus pyogenes are among the most lethal of toxins. Toxins in this family
trigger an excessive cellular immune response leading to toxic shock. OBJECTIVES:
To design an antagonist that is effective in vivo against a broad spectrum of
superantigen toxins. METHODS: Short peptide antagonists were selected for their
ability to inhibit superantigen-induced expression of human genes for cytokines that
mediate shock. The ability of these peptides to protect mice against lethal toxin
challenge was examined. RESULTS: Antagonist peptide protected mice against
lethal challenge with staphylococcal enterotoxin B and toxic shock syndrome
toxin-1, superantigens that share only 6% overall amino acid homology. Moreover, .

Table of Contents

Copyright Information (Cl)

Copyright Information (CI) associated with Abstract was introduced in 1999, and appears on a limited but increasing
number of records. This singly-occurring element contains a copyright statement provided by the publisher of the
journal and appears only on records supplied electronically to NLM by the publisher. This information is displayed at
the end of the abstract.

Example:

AB - ... Copyright 1999 Academic Press.

See also the related Other Copyright Information (OCI) field.

Table of Contents

Affiliation (AD)

2 of 25 5/20/25,11:21 PM
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MEDLINE/PubMed Data Element (Field) Descriptions https://web.archive.org/web/20070711034105/https://www.nlm.nih.gov/...

The affiliation of the first author resides in this field. Starting in 1988, NLM began to include the address of the first
author's affiliation on the record. Originally, the address was intended to help differentiate between two authors of
the same name, not to provide detailed mailing information. It evolved that the institution, city, and state including
zip code for U.S. addresses, and country for countries outside of the United States, were included if provided in the
journal; sometimes the street address was also included if provided in the journal. In 1995, NLM began to add the
designation USA at the end of this information where the first author's affiliation is in the fifty United States or the
District of Columbia. Effective January 1, 1996, NLM includes the primary author's electronic mail (e-mail) address at
the end of the Affiliation field, if present in the journal. Starting in 2003 the complete first author address is entered
as it appears in the article with no words omitted.

Examples:

AD - Department of Anesthesiology, University of Virginia Health Sciences Center
Charlottesville 22908, USA. med2p@virginia.edu

AD - Departamento de Farmacologia, Facultad de Medicina, Universidad
Complutense de Madrid (UCM), 28040 Madrid, Spain.

AD - Center for Children With Special Needs, Children's Hospital, and the
Department of Pediatrics, University of Washington School of Medicine, 4800 Sand
Point Way NE, CM:09, Seattle, WA 98105-0371, USA. jneff@chmc.org

Table of Contents

Investigator Affiliation (IRAD)

The Investigator Affiliation (IRAD) identifies the organization that the researcher was affiliated with at the time the
article was written and as published in the journal. Unlike the Affiliation field, this affiliation generally does not
include detailed address information. This field is associated with the Investigator (IR) field.

Examples:

IRAD - Marquette U, Milwaukee, WI
IRAD - VA Med Ctr, Richmond, VA

Table of Contents

Article Identifier (AID)

This field is populated by the publisher. It may contain an identifier that links with records in the publisher's system.
The article identifier values may include the controlled publisher identifier (pii) or the digital object identifier (doi). It
is most often used for LinkOut.

Examples:

AID - S0272-7358(05)00023-1 [pii]
AID - 10.1016/.cpr.2005.02.002 [doi]

Table of Contents

Author (AU)

NLM's author indexing policy is as follows:

1966 - 1983: For records created during this time period, MEDLINE did not limit the number of
authors.
1984 - 1995: For records created during this time period, NLM limited the number of authors
’ to 10, with "et al." to indicate the existence of additional authors.
30f25 5/20/25,11:21 PM
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1996 - 1999:

"et al."

For journal issues published during this time period, NLM increased the number
of authors from 10 to 25. If there were more than 25 authors, the first 24 were
listed, the last author was used as the 25th, and the 26th and beyond became

2000 - Present:

Beginning with journal issues published in 2000, MEDLINE does not limit the
number of listed authors.

Beginning in mid-2005, the various policy restrictions on number of author names entered in past years were lifted
so that on an individual basis, a record may be edited to include all author names present in the published article,
regardless of the limitation in effect at the time the record was first created.

Note: Until 1990, NLM transliterated up to five authors' Cyrillic or Japanese names to the Roman alphabet. Since
1990, the first ten Cyrillic or Japanese names are transliterated. Chinese ideograms are not transliterated by NLM,
but if transliterations of the authors names are available in the journal article or table of contents, they are included
in the citation, even if that includes only one author in a multi-author article.

Format: last name followed by a space and up to the first two initials followed by a space and a suffix abbreviation, if
applicable, all without periods or a comma after the last name.

Examples:

McCrary SV
Smith AB 3rd

See Full Author (FAU) for more information on initials.

Table of Contents

Full Author (FAU)

Beginning with articles with a publication year of 2002, PubMed records may include full names. BIOETHICSLINE
citations converted to MEDLINE citations in late 2001 have full names on citations prior to publication year 2002;
those data are found in the General Note (GN) field. Citations from the Kennedy Institute of Ethics (KIE) may have

full names in the Full Author field for publication dates of prior to 2002.

Full author names are entered when they appear in the author position of an article, usually on the title page of an
article. If only the last name and initials appear in the author position, then only the last name and initials will be
entered, even if a form of the fuller name appears elsewhere in the article or in the Table of Contents for the journal.

Author Initials:

Initials data are generated from the Data Creation and Maintenance System (DCMS) ForeName data element using
an algorithm. Here are the highlights of that algorithm:

* Only two initials are included. Initials are at the beginning of a name string or following a break (a space or

hyphen). Only capital letters in the ForeName elements are candidates for initials, except for the letter

following a hyphen. The letter following a hyphen is a candidate for an initial, unless the string following the

hyphen is "ichi."

« When the ForeName data element consists of only initials, there are spaces between initials.

« An initial includes the following particles: da, de, del, do, dos, du, el, el-, and le. All particles except "el-" are

followed by a space and are preceded by a space or are at the beginning of the name string. If found, all
particles are converted to lower case when generated as part of the Initials data element.

« If the language of the article is Bulgarian, Russian, Serbo-Croatian (Roman), or Ukranian, then one initial may
be a 2- or 4-character transliterated mixed-case initial. Current, mixed-case transliteration values are: Dj, Lj,
Nj, Ch, Sh, 1u, Ia, Ie, Zh, Kh, Ts, Dz, Shch.

Examples:
Last Name Fore Name Suffix Initials
Melosh HJ 3rd HJ
Abrams Judith ]

5/20/25,11:21 PM
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Last Name Fore Name Suffix Initials
Buncke Gregory M GM
Gonzales-loza Maria del R Mdel R
Dubuisson Jean-Bernard JB
Amara Mohamed el-Walid Mel-W
Shan Yu-fei YF
Krylov Ia K IaK

De Avila Luiz Francisco Rodriguez LF

Note that the end result of generating the Initials data is that the two initials are closed up with no space between,
even though there may be spaces elsewhere in the Initials string if one or both of the initials has embedded spaces.

There are some author names that have no initials. These are mostly Malaysian names, for which the entire name is
entered in the LastName DCMS data element.

The full name will display on the PubMed MEDLINE display format above the respective name field as in the following

example:

Example:

FAU - Foa, Edna B
AU - Foa EB

Note: When an author's name has been corrected from a published erratum, the corrected name is placed in the
Author field and the incorrect name that was originally published is retained in the last occurrence of the Author
field. In this case, there will be an associated commentary linkage.

NLM expended much effort to parse the data converted from the legacy ELHILL format at the end of the 2000
production year accurately. Many citations from the 1966-1974 timeframe were changed to follow data entry

conventions established later. For example, particles such as "van der" were moved from the suffix position to the
beginning of the last name, and the abbreviations "2d" and "3d" were changed to "2nd" and "3rd". It is possible to
have particles associated with initials, such as "Mdel R" for "Maria del R". It is also possible to have only a last name.

Some occurrences of author data in this category are in error and will be corrected manually as time permits.

For OLDMEDLINE records, every published author name is included in the list of authors for citations from the 1951 -
1959 Current List of Medical Literature (CLML) and for citations from the 1960 - 1965 Cumulated Index Medicus
(CIM). For citations from the 1950 CLML, a maximum of three author names were entered. OLDMEDLINE first and
last name author elements are in all upper case letters, except in some cases the particle is in lower case letters. A
suffix is in upper and lower case letters. OLDMEDLINE records do not contain collective or corporate names. A small
percentage of OLDMEDLINE records contain the last name only, because that is the only Author data present in the
abstracting and indexing tool used to create the record.

Table of Contents

Corporate Author (CN)

This field identifies the corporate authorship of an article. Corporate Author (CN) was introduced in 2001. Prior to

2001, corporate author information was contained at the end of the Title field, where it remains for those

retrospective records. As they are encountered, these retrospective records may be individually maintained to move

the Corporate Author information from the Title field to the Corporate Author field.

These names enter MEDLINE exactly as they appear in the journal (except to delete initial articles such as The, A or
An). NLM will not edit the names to standardize them or translate them into English. NLM enters the Roman alphabet
words (e.g., German, French) into the Corporate Author field. Transliterated Russian or other cyrillic names are also

entered into the Corporate Author field, but for Japanese, Chinese, Hebrew, and Arabic, NLM puts the English

translation of the name into this field.
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Example:

CN - Centers for Disease Control and Prevention

Table of Contents

Comments/Corrections (See fields and field tags listed below.)

The data in these fields, listed below, are citations to associated journal publications, e.g., comments, errata, or
retractions. These data enable links between the record at hand and its associated citations.

MEDLINE records may contain one or more of the following:

Comment on

(CON)

cites the reference upon which the article comments; began use
with journal issues published in 1989.

Comment in

(CIN)

cites the reference containing a commentary about the article
(appears on citation for original article); began use with journal
issues published in 1989.

Erratum in

(EIN)

cites a published erratum to the article (appears on citation for
original article); began use in 1987.

Erratum for

|(EFR)

\cites the original article for which there is a published erratum.

Corrected and
Republished in

(CRI)

cites the final, correct version of a corrected and republished article
(appears on citation for original article). Began use in 1987 as
Republished in (RPI); renamed in 2006.

Corrected and
Republished from

(CRF)

cites the original article subsequently corrected and republished.
Began use in 1987 as Republished from (RPF); renamed in 2006.

Partial retraction
in

(PRIN)

cites the reference containing a partial retraction of the article
(appears on citation for original article); began use in 2007.

Partial retraction
of

(PROF)

cites the article being partially retracted; began use in 2007.

Republished in

(RPI)

cites the subsequent (and possibly abridged) version of a
republished article (appears on citation for original article); began
use in 2006.

‘Republished from

|(RPF)

‘cites the first, originally published article; began use in 2006.

Retraction in

(RIN)

cites the retraction of the article (appears on citation for original
article); began use in August 1984.

\Retraction of

|(ROF)

\cites the article(s) being retracted; began use in August 1984.

Update in

(UIN)

cites an updated version of the article (appears on citation for
original article); began limited use in 2001.

Update of

(UOF)

cites the article being updated; limited use; began limited use in
2001.

Summary for
patients in

(SPIN)

cites a patient summary article; began use in November 2001
(these records contain Publication Type, Patient Education
Handout). See the article 'Patient Education Handouts in
MEDLINE®/PubMed®' in the NLM Technical Bulletin at http://
www.nlm.nih.gov/pubs/techbull/ma02/ma02_new_pt.html for
more information.

Original report in

[(ORI)

’cites a scientific article associated with the patient summary.

The PubMed Identifier (PMID) of the associated record in PubMed is provided (if available) to create a link between

an article and its commentary.

Examples:

CIN - N Engl J Med. 2003 Jul 17;349(3):211-2. PMID: 12867604
CON - Dev Cell. 2002 Jul;3(1):85-97. PMID: 12110170
CRI - Orthop Nurs. 2003 May-Jun;22(3):232-9. PMID: 12872752
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CRF - Biochemistry. 1994 May 10;33(18):5614-22. PMID: 8180186

EIN - Acta Obstet Gynecol Scand. 2003 Jan;82(1):102

EFR - J Arthroplasty. 2002 Jun;17(4):524-6. PMID: 12066289

RIN - J Biochem Mol Biol. 2002 Nov 30;35(6):642. PMID: 12476908

ROF - Ware FE, Lehrman MA. ] Biol Chem. 1996 Jun 14;271(24):13935-8. PMID:
8663248

SPIN- Ann Intern Med. 2003 Jun 3;138(11):160. PMID: 12779314

ORI - Ann Intern Med. 2003 Jun 3;138(11):907-16. PMID: 12779301

UIN - Cochrane Database Syst Rev. 2002;(3):CD003688. PMID: 12137706

UOF - Cochrane Database Syst Rev. 2002;(2):CD003680. PMID: 12076500

Occasionally, a note is added to the Comment or Correction. The note clarifies the data in the Comments or
Correction element. It is most often used with Erratum In for corrected author names. The following are some
possible notes:

e [added] is used when an author name is added to the citation as the result of a published erratum

e [removed] when an author name is removed

» [dosage error in abstract] when there is a dosage error in a citation abstract (used with Erratum In)

« [dosage error in text] when the dosage error is in the text portion of the article

e [abstract no. xxx only] for an erratum of a numbered abstract which is part of an overall citation

o [abstract by author names on page xxx only] when an erratum refers to an unnumbered abstract which is
authored and part of an overall citation. The author names and page numbers of the abstract are included.

o [abstract abstract title on page xxx only] when an erratum refers to an unnumbered abstract which is not
authored. In this case, the abstract title and page number are included.

In records from OLDMEDLINE, Comments In (CIN) is the only Comment or Correction found. Other comment or
correction elements may be used in the future.

See the NLM Fact Sheet "Errata, Retraction, Duplicate Publication and Comment Policy for MEDLINE®" at http://
www.nlm.nih.gov/pubs/factsheets/errata.html for additional information.

Table of Contents

Date Completed (DCOM)

Date Completed is the date processing of the record ends; i.e., MeSH® Headings have been added, quality assurance
validations are completed, and the completed record subsequently is distributed to PubMed and licensees. This is
contrasted with Date Created, which is the date processing begins.

Format: YYYYMMDD

Example:

DCOM - 20020207

In Process records lack the Date Completed field. For OLDMEDLINE records, the Date Completed is the approximate
date the record entered PubMed, rather than the date processing ends. OLDMEDLINE records are created and
processed differently than MEDLINE records.

Table of Contents

Date Created (DA)
Date Created is the date that processing of the record begins.

Format: YYYYMMDD

Example:

DA - 20020516
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This is contrasted with Date Completed, which is the date processing ends. Date Created is not the same as NLM's
PubMed Entrez Date (EDAT), which is the date the record entered PubMed.

For citations up to about the year 2000, the Date Created (DA) and Date Completed (DCOM) data elements are
identical. These dates were derived from NLM's legacy ELHILL system.

For OLDMEDLINE citations converted from the 1964 and 1965 Index Medicus (IM), Date Created represents the year
and month the citations were printed in the monthly Index Medicus, and the day will always be "01". All other
OLDMEDLINE records have a year based on the year of the printed index, the month is always "12" for December,
and the day is always "01".

Table of Contents

Date Last Revised (LR)

The Date Last Revised identifies the date a change is made to a record either as a result of individual or global
maintenance. There is no indication of what the change is on the record. Only the latest revision date is displayed.

Format: YYYYMMDD

Example:

LR - 20020320

When the 10 million+ MEDLINE records through the 2000 production year were converted to XML from NLM's legacy
ELHILL system, all records were assigned a Last Revision Date of 20001218 (December 18, 2000). Subsequently,
many of these records have been or will be maintained and given a later (LR) date.

Table of Contents

Date of Electronic Publication (DEP)

The Electronic Publication Date is the date the publisher made an electronic version of the article available. In
January 2003, global maintenance was performed to add this element retrospectively.

Format: YYYYMMDD

Example:

DEP - 20050513

Table of Contents

Date of Publication (DP)

Date of Publication contains the full date on which the issue of the journal was published. The standardized format
consists of elements for a 4-digit year, a 3-character abbreviated month, and a 1 or 2-digit day. Every record does
not contain all of these elements; the data are taken as they are published in the journal issue, with minor
alterations by NLM such as abbreviations.

Examples:

DP - 2001 Apr 15
DP - 2001 Apr

DP - 2000 Spring
DP - 2000 Nov-Dec
DP - 2001

8 of 25 5/20/25,11:21 PM
Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1043
000292



MEDLINE/PubMed Data Element (Field) Descriptions https://web.archive.org/web/20070711034105/https://www.nlm.nih.gov/...
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Entrez Date (EDAT)
This field contains the date the citation was added to PubMed.

Format: YYYY/MM/DD HH:MM

Example:

EDAT- 2003/01/02 04:00

Table of Contents

Gene Symbol (GS): not currently input

This field contains the "symbol" or abbreviated form of gene names as reported in the literature. This element
resides in records processed at NLM from 1991 through 1995. Up to 25 occurrences per record may appear. NLM
entered the symbols used by authors; there was no authority list or effort to standardize the data.

Examples:

GS - dyrA
GS - PYRE-F
GS - cpa2

Greek characters, superscripts, and subscripts may appear as part of the gene symbol. The code designations for the
Greek characters may be found at http://www.nIm.nih.gov/bsd/licensee/greek_characters.html.

Table of Contents

General Note (GN)

This field contains supplemental or descriptive information related to the document. The data in this field may be
preceded by the acronym for the collaborator who provided this information.

The acronyms and names are:

HMD History of Medicine Division, National Library of Medicine

National Information Center on Health Services Research and Health Care Technology, National Library of

HSR Medicine
KIE Kennedy Institute of Ethics, Georgetown University
NASA National Aeronautics and Space Administration

PIP  Population Information Program; Johns Hopkins School of Health

Examples:

GN - KIE: Article and commentaries
GN - KIE: KIE BoB Subject Heading: health care/economics

Note: BoB Subject Headings are controlled subject vocabulary terms found in the Kennedy Institute of Ethics'
Bioethics Thesaurus under which citations print in their publication, Bibliography of Bioethics. The current format of
these data in MEDLINE is reflected in the second example beginning with "KIE Bob" or "KIE Bib".

Table of Contents

Grant Number (GR)
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This field was introduced in 1981 and is comprised of three parts:

1. Number contains the research grant or contract number (or both) that designates financial support by any
agency of the United States Public Health Service or any institute of the National Institutes of Health. The data
are generally recorded exactly as they appear in the published article*; there is no attempt to standardize the
numbers.

2. Acronym contains the 2-letter grant acronym.

3. Agency contains the institute acronym or mnemonic.

Effective for prospective citations indexed with MeSH as of June 2, 2005, the value Wellcome Trust is added if an
author acknowledges that the research was supported financially by this organization. Effective March 24, 2006,
Wellcome Trust grant numbers may also be added from data entered via PubMed Central, or from the published
article. The grant number may appear in either six-digit (e.g., 069355) or expanded (e.g., 067427/2/02/Z) format.

Examples:

GR - LM0577/LM/NLM

GR - M0 1 RR01271/RR/NIDDK

GR - Wellcome Trust

GR - 058423/Wellcome Trust

GR - 067427/2/02/Z/Wellcome Trust

A list of the possible values for the grant Acronym and Agency is available from: http://www.nlm.nih.gov/bsd/
grant_acronym.html. Please be advised that while NLM enters the grant number, acronym and agency values are
derived by using a machine algorithm against the grant number string. This may result in some inaccurate
derivations, but the overall benefit of supplying the separate acronym and agency was considered to be worth the
risk of some inaccuracies.

Through 1999, NLM entered up to three grant numbers for each record. Beginning in 2000, NLM began to transition
to an unlimited number of grant numbers or contract numbers. Some MEDLINE citations from 2000 and 2001 may
still be limited to three grant numbers or contract numbers, but beginning in 2002, NLM does not limit the number of
grant numbers or contract numbers. Some collaborating partners record grant numbers for agencies outside the U.S.
Public Health Service in the General Notes field.

*In July 2006, NLM corrected a large number of NIH grant number prefixes which were entered with the letter O
(e.g., RO1) rather than the number 0 (e.g., RO1). This practice deviates with NLM's general policy that the data in
the online citation match what is in the published article.

Table of Contents

Investigator Name (IR) and Full Investigator Name (FIR)

These fields reside on MEDLINE citations created or maintained by one of our collaborating data producers, the
National Aeronautics and Space Administration (NASA). They identify the NASA-funded principal investigator(s) who
conducted the research discussed in the article cited (but are not necessarily the authors). These fields are
associated with the Investigator Affiliation field. See Author field for details on format.

Examples:

IR - Arrhenius G
FIR - Arrhenius, G

IR - Brody BA
FIR - Brody BA

Table of Contents

ISSN (IS)

ISSN (International Standard Serial Number) is an eight-character value that uniquely identifies the cited journal. It
is nine characters long in the hyphenated form: XXXX-XXXX. The ISSN field has a qualifier that follows the ISSN data
which will state whether it is for the print or the electronic version ISSN of the journal. For journals with multiple
ISSNs (e.g., those with separate ISSNs for the print and electronic versions), the ISSN in the MEDLINE citation
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reflects the version used for MeSH indexing.

Examples:

IS - 0021-5252 (Print)
IS - 1471-2202 (Electronic)

Some records do not contain an ISSN value.

The complete title of the journal can be found in the Journal Title (JT) field. For more information about journals
cited in MEDLINE, see:

a. The NLM Catalog, located at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nlmcatalog or via LocatorPlus
at http://locatorplus.gov

b. The Entrez Journals database, located at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=journals

c. The List of Serials Indexed for Online Users, available at http://www.nIm.nih.gov/tsd/serials/Isiou.html, and

d. The List of Journals Indexed for MEDLINE, available at http://www.nlm.nih.gov/tsd/serials/lji.html.

See also NLM Unique ID (JID).

Table of Contents

Issue (IP)

Issue identifies the issue, part or supplement of the journal in which the article was published.

Examples:
IP-11
IP-7Pt1

IP - First Half
IP - 3 Suppl 1

For records from OLDMEDLINE, some records contain Issue but lack Volume; some records contain Volume but lack
Issue; and some records contain Volume and Issue data in the Volume element.

Table of Contents

Title (T1)

The title field contains the entire title of the journal article. The title is always in English; those titles originally
published in a non-English language and translated for the title field are enclosed in square brackets. All titles end
with a period unless another punctuation mark such as a question mark or bracket is present. Explanatory
information about the title itself is enclosed in parentheses, e.g.: (author's trans). Corporate/collective authors may
appear at the end of the title field for citations up to about the year 2000. See also Corporate Author (CN) for more
information about corporate or collective authors.

Records with (In Process Citation) in the title field are non-English language citations in In-Process status that do not
yet have the article title translated into English.

Examples:

TI - The Kleine-Levin syndrome as a neuropsychiatric disorder: a case report.

TI - Why is xenon not more widely used for anaesthesia?

TI - [Biological rhythms and human disease]

TI - [In Process Citation]

TI - Prevalence of Helicobacter pylori resistance to antibiotics in Northeast Italy: a
multicentre study. GISU. Interdisciplinary Group for the Study of Ulcer.

Table of Contents
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Journal Title Abbreviation (TA)

This field contains the standard abbreviation for the title of the journal in which an article appeared. See the NLM
Fact Sheet "Construction of National Library of Medicine Title Abbreviations" at http://www.nlm.nih.gov/pubs/
factsheets/constructitle.html, which discusses the rules currently used by the National Library of Medicine (NLM) to
construct title abbreviations for journals cited in MEDLINE.

Examples:

TA - JAMA

TA - ] Pediatr

TA - J Comp Physiol B
TA - Ann Biol Clin (Paris)

The complete title of the journal can be found in the Journal Title (JT) field. For more information about journals
cited in MEDLINE, see:

a. The NLM Catalog, located at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=nlmcatalog or via LocatorPlus
at http://locatorplus.gov

b. The PubMed Journals database, located at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=journals

c. The List of Serials Indexed for Online Users, available at http://www.nlm.nih.gov/tsd/serials/Isiou.html, and

d. The List of Journals Indexed for MEDLINE, available at http://www.nlm.nih.gov/tsd/serials/lji.html.

All MEDLINE/PubMed records must be linked to a parent serial record in NLM's online catalog. In OLDMEDLINE
records, the journal title abbreviation may differ from that found on the original citation in the printed index.

Table of Contents

Journal Title (JT)

This field contains the full journal title, taken from NLM's cataloging data following NLM rules for how to compile a
serial name. The NLM journal title abbreviation is in the (TA) element.

Examples are:

Examples:

JT - Molecular microbiology
JT - American journal of physiology. Cell physiology

Some characters that are not part of NLM's MEDLINE/PubMed Character Set reside in a relatively small number of
full journal titles. These characters will display as the string 'inverted question mark.'

Table of Contents

Language (LA)

The language in which an article was published is recorded in the Language field. All entries are three letter
abbreviations stored in lower case, such as eng, fre, ger, jpn, etc. A record may contain more than one language
value. Some records provided by collaborating data producers may contain the value "und" to identify articles whose
language is undetermined.

Examples:
LA - eng
LA - rus

A table listing all languages found in MEDLINE is available at: http://www.nlm.nih.gov/bsd/language_table.html. A
chart showing the number of English language MEDLINE articles in various segments of MEDLINE is available at:
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http://www.nlm.nih.gov/bsd/medline_lang_distr.html.
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MeSH Date (MHDA)

The date MeSH terms were added to the citation is recorded in the MeSH Date field. The MeSH date is the same as

the Entrez date until MeSH are added.

Format: YYYYMMDD HH:MM

Example:

MHDA- 2005/08/03 09:00

Table of Contents

MeSH Terms (MH)

NLM's controlled vocabulary, Medical Subject Headings (MeSH®), is used to characterize the content of the articles

represented by MEDLINE citations.

Of the various MeSH headings assigned to a record, those representing the most significant points are identified with
an asterisk (*) in the MeSH display. The remaining descriptors are used to identify concepts that have also been
discussed in the item, but that are not the primary topics. In Process and publisher-supplied records lack MeSH
terms. See the MeSH Fact Sheet (http://www.nlm.nih.gov/pubs/factsheets/mesh.html) or the MeSH home page

(http://www.nlm.nih.gov/mesh/meshhome.html) for additional information about MeSH.

Subheadings (also known as Qualifiers) are often used with MeSH terms to help describe more completely a
particular aspect of a subject. Subheadings are displayed after the MH and a slash (/). A major topic asterisk before
a subheading indicates when the combination of that subheading with its associated MeSH term is a central concept

of the article.

The presentation of MeSH terms is alphabetical. The Subheadings associated with a MeSH term are also in
alphabetical order, without regard to the presence of the major topic asterisk (*).

Example 1:

MH - Adult

MH - English Abstract

MH - Human
MH - Infant, Newborn
MH - Nutrition

MH - Risk Factors
MH - Survival Rate

MH - Cardiovascular Diseases/etiology/*mortality
MH - Child Development/*physiology
MH - Embryo and Fetal Development/*physiology

MH - Fetal Growth Retardation/complications/*physiopathology

In the above example, the mortality aspect of cardiovascular diseases, the physiology of child development, as well
as embryo and fetal development, and the physiopathology aspect of fetal growth retardation are the central
concepts of the article. Note that the MeSH term English Abstract (also present in above example) means that a
substantive English language abstract is present in the journal or was written by one of NLM's collaborating data
producers. The abstract may or may not be present in the MEDLINE citation as the input policy changed over the
years. There are many older non-English language citations without abstracts in MEDLINE but with the MeSH term
English Abstract; this indicates that an English abstract is present in the journal, even if not a part of the online

record.

Example 2:

MH - Animal
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MH - Dogs

MH - *Myocardial Contraction
MH - Myocardium/*metabolism
MH - *Oxygen Consumption
MH - Surface Tension

In the above example, myocardial contraction, the metabolism aspect of myocardium, and oxygen consumption are
the central concepts of the article.

The original subject headings assigned to OLDMEDLINE records were updated to current MeSH in December, 2005
(with the exception of approximately 8% of OLDMEDLINE records, which will be updated as resources permit). All of
the terms assigned to OLDMEDLINE citations are identified as the major topic of the article. The original subject
headings have been placed in the Other Term (OT) field.
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NLM Unique ID (JID)

This field is the alpha-numeric identifier for the cited journal. The element's value is the accession number for the
journal's record assigned in the NLM Catalog, available at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?
db=NImCatalog or via LocatorPlus at http://locatorplus.gov/. An NLM Unique ID may appear as seven, eight or nine
characters.

Examples:

Citations from the New England Journal of Medicine will have the following JID field value:
JID - 0255562

Citations from the Japanese Journal of Infectious Diseases will have the following JID field value:
JID - 100893704

Table of Contents

Number of References (RF)

This element appears on records indexed with Review as a Publication Type. This field contains the number of
bibliographic references listed in the review article.

Example:

RF - 21

When collaborating data partners recorded the number of references for non-review articles, these data are found in
the General Notes field.

Table of Contents

Other Abstract (OAB)

NLM creates MEDLINE records without an Abstract field when the source journal article does not contain an abstract.
In cases where a collaborating data partner provides an abstract, this abstract appears in the Other Abstract field for
that record. This field is associated with the Other Copyright Information (OCI) field, which displays beneath (OAB) if
present. The abstract included in this field is not written by the authors of the article. The internal tracking number
of the source document used by the collaborating partner resides in the Other ID field.

Acronyms used in the OAB field are:

AAMC - American Association of Medical Colleges; not currently used

AIDS - Special HIV/AIDS publications with abstracts written by someone other than the author
KIE - Kennedy Institute of Ethics, Georgetown University

PIP - Population Information Program, Johns Hopkins School of Public Health

NASA - National Aeronautics and Space Administration

Example:
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OAB - NASA: The purpose of this review is to delineate the ubiquitous and pivotal
role of Ca2+ in diverse physiological processes. Emphasis will be given to the role
of Ca2+ in stimulus-response coupling. In addition to reviewing the present status
of research, our intention is to critically evaluate the existing data and describe the
newly developing areas of Ca2+ research in plants.
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Other Copyright Information (OCI)

This field identifies the copyright owner. It appears on some records created by a collaborating data producer if that

producer has written the abstract. The information for this field displays beneath the Other Abstract field.

Example:

OCI - NASA Edited

Table of Contents

Other ID (OID)

This field may reside on a record owned by a collaborating partner or on an NLM-owned record to which a

collaborating partner added additional information. The data identify: a) the organization responsible for the
information on the citation or the document where the information originated, and b) a unique number for that

citation or document.

The acronyms used in this field are listed below. Some of the values on this list currently are not in use at this time

and some may never be used.

|NASA |Nationa| Aeronautics and Space Administration

|KIE |Kennedy Institute of Ethics, Georgetown University

|PIP |Popu|ation Information Program, Johns Hopkins School of Public Health; not currently used

|POP |former NLM POPLINE database; not currently used

|ARPL |Annua| Review of Population Law; not currently used

|CPC ’Carolina Population Center; not currently used

|IND |Popu|ation Index; not currently used

|CPFH |Center for Population and Family Health Library/Information Program; not currently used

National Reference Center for Biomedical Literature (for the KIE Reference Library shelving
location)

‘NRCBL

|CLML |Current List of Medical Literature; reserved for future use

|IM |Index Medicus; reserved for future use (intended for pre-1966 publications)

|SGC |Surgeon General's Catalog; reserved for future use

For OLDMEDLINE records, this field occurs on records from 1950-1959 and is for internal use at NLM. CLML is

currently the value for all OLDMEDLINE citations containing this field. The value IM may be used on a limited basis.

Other values that may be defined for future use with OLDMEDLINE records are QCICL and QCIM.

Examples:

OID - KIE: 30206
OID - NRCBL: 18.2
OID - CLML: 5834:20412:395
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Other Term (OT)

This field contains largely non-MeSH subject terms (also referred to as Keywords) that describe the content of the
article. These are assigned by a collaborating data producer who is identified in the Other Term Owner field. This
information is present on a small percentage of citations in the database. The Other Term data may be marked with
an asterisk (*) to indicate a major concept. Asterisks are for display only.

Examples:

OT - Legal Approach
OT - Health Care and Public Health

Other Terms appear in addition to MeSH terms, with the exception of some OLDMEDLINE records which do not yet
contain MeSH headings. OLDMEDLINE subject terms were mapped to current MeSH in preparation for NLM's 2006
production year. Both MeSH Headings and Other Terms are on all but approximately 8% of OLDMEDLINE records as
of December, 2005. Additional mappings will occur as resources permit.

Table of Contents

Other Term Owner (OTO)

This field contains an acronym that precedes the Other Term field. It identifies the organization that provided the
Other Term data. The Other Term Owner acronyms and their respective organizations are:

KIE Kennedy Institute of Ethics, Georgetown University

NASA National Aeronautics and Space Administration

PIP Population Information Program, Johns Hopkins School of Public Health
NLM National Library of Medicine (used for the OLDMEDLINE records)

Table of Contents

Owner (OWN)

The acronym for the organization that supplied the citation data is recorded in this field. Each citation has only one
Owner and there are eight possible values in this field:

|NLM |Nationa| Library of Medicine, Index Section
|NASA |Nationa| Aeronautics and Space Administration
PIP Population Information Program, Johns Hopkins School of Public health (not a current value;

only on older citations)

|KIE |Kennedy Institute of Ethics, Georgetown University

National Information Center on Health Services Research and Health Care Technology,

HSR National Library of Medicine

|HMD |History of Medicine Division, National Library of Medicine

Specialized Information Services Division, National Library of Medicine (not yet used;
reserved for possible future use)

|NOTNLM |For licensees' use. Not used by NLM.

SIS

Table of Contents

Pagination (PG)

Pagination indicates the inclusive pages for the article cited. The pagination can be entirely non-digit data.
Redundant digits are omitted. Document numbers for electronic articles are also found here.

Examples:
PG - 12-9
PG - 304-10
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PG - 335-6

PG - 1199-201
PG - 24-32, 64
PG - suppl 111-2
PG - 564

PG - E101-6

PG - 44; discussion 44-8

PG - 925; author reply 925-6
PG - e66

PG - XC-CIII

Beginning in December 2002, new rules are followed for pagination for letters to the editor that include text
consisting of an author reply. If the reply is written by one or more of the authors of the original article, the words
"author reply" are used in the pagination field rather than the word "discussion". "Discussion" continues to be used
within pagination for other types of articles, such as an article presented at a meeting that is followed by the text of
a separate discussion or verbal exchange by a panel or others attending the meeting. This new rule for pagination
that includes "author reply" applies only to citations with Publication Type of Letter.

Table of Contents

Personal Name as Subject (PS)

Individuals' names appear in this field for citations that contain a biographical note or obituary, or are entirely about
the life or work of an individual or individuals. Data is entered in the same format as author names in the Author
field. See Author (AU) field for details of format. See also the associated Full Personal Name as Subject (FPS) field
description.

Examples:

PS - Koop CE
PS - Zerhouni EA

Table of Contents

Full Personal Name as Subject (FPS)

This field contains the full name of the subject of the article for citations with a date of publication beginning with
2002. It is associated with the Personal Name as Subject (PS) field. See details on format in the Full Author (FAU)
field description.

Examples:

FPS - Koop, C Everett
FPS - Zerhouni, Elias Adam

Table of Contents

Place of Publication (PL)

This field indicates the cited journal's country of publication. Valid values are those country names found in the Z
category of the Medical Subject Headings (MeSH) that may be displayed from the MeSH Browser at http://
www.nlm.nih.gov/cgi/mesh/2007/MB_ cgi?term=Geographic+Locations&field=entry#TreeZ01. Values may appear in
all upper case or in mixed case. On older records, in cases where the place of publication is unknown, the (PL) value
is Unknown.
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Examples:

PL - United States
PL - FRANCE
PL - Nigeria

Place of Publication data are not maintained when names may change over time. These data indicate where the
journal is published, not where the research was conducted.

Table of Contents

Publication History Status (PHST)

This field contains information from the publisher regarding important events in the publishing process. It contains a
date, and one of the following values for each date in the publication history:

[received] date manuscript received for review
[accepted] accepted for publication
[revised] article revised by publisher or author

[aheadofprint] published electronically, to be followed by the print

Examples:

PHST- 2004/06/01 [received]
PHST- 2004/09/01 [revised]
PHST- 2005/02/15 [accepted]

Table of Contents

Publication Status (PST)
This field contains the current status of the publication, as submitted by the publisher. Possible values are:

ppublish - published in print (default value)
epublish - electronically published only, never published in print
aheadofprint - electronically published, but followed by print

Examples:

PST - aheadofprint
PST - ppublish

The date on which the current status took effect is submitted in the Date of Publication field.

Table of Contents

Publication Type (PT)

This field describes the type of material that the article represents; it characterizes the nature of the information or
the manner in which it is conveyed (e.g., Review, Letter, Retracted Publication, Clinical Trial). Records may contain
more than one Publication Type, which are listed in alphabetical order.
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Examples:

PT - Review
PT - Multicenter Study

A list of the Publication Types is available from PubMed Help at: http://www.ncbi.nlm.nih.gov/books/bv.fcgi?
rid=helppubmed.table.pubmedhelp.T42. A list with definitions is available at http://www.nIm.nih.gov/mesh/
pubtypes2007.html. Publication Types are also available in the MeSH Database at http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?zdb=mesh.

Table of Contents

Publishing Model (PUBM)

This field describes the medium/media in which the cited article is published. This information is derived from data
submitted by the publishers.

Examples:

PUBM - Print
PUBM - Print-Electronic

Table of Contents

PubMed Unique Identifier (PMID)

This field is a 1- to 8-digit accession number with no leading zeros. It is present on all records and is the accession
number for managing and disseminating records. PMIDs are not reused after records are deleted.

Examples:

PMID - 10097079
PMID - 6012557

Prior to the 2004 version of PubMed (available December 3, 2003), many records contained a MEDLINE Unique
Identifier in addition to the PMID. NLM no longer displays the MEDLINE Unique Identifier. The PMID has become the
unique identifier for the MEDLINE record.

Table of Contents

Registry Number/EC Number (RN)

This field contains the unique 5- to 9-digit number in hyphenated format assigned by the Chemical Abstracts Service
(CAS) to specific chemical substances. For enzymes, the EC number derived from Enzyme Nomenclature is placed in
this element. A zero (0) is a valid value when an actual number cannot be located or is not yet available.

Following the RN/EC field display is the Substance Name (NM) field value, enclosed in parentheses. Please see
Substance Name (NM) field section for an explanation of that field.

Examples:

RN - 69-93-2 (Uric Acid)
RN - EC 3.1.1.34 (Lipoprotein Lipase)

Table of Contents

Substance Name (NM)
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This field contains the name of the substance that the registry number or the EC number identifies. The MeSH
Database (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=mesh) or MeSH Browser (http://www.nlm.nih.gov/

mesh/MBrowser.html) contain the Substance Names. These records are of two types: 1) Supplementary Concept
Records, which can be found in the MeSH Browser with a record type of C, or 2) MeSH Category D descriptors,
identified in the MeSH Browser with a tree number that begins with D. The Substance Name follows the RN/EC field

display, enclosed within parentheses.

Examples:

RN - 69-93-2 (Uric Acid)
RN - 6964-20-1 (tiadenol)

Table of Contents

Secondary Source ID (SI)

The SI field identifies secondary source databanks and accession numbers of molecular sequences discussed in
MEDLINE articles. The field is composed of the source followed by a slash followed by an accession number.

Examples:

SI - GENBANK/AF306859

SI - SWISSPROT/P13209

SI - ClinicalTrials.gov/NCT00000419
SI - GEO/GDS275

NLM cooperates with international efforts to collect molecular sequence data. There are, at present, six databanks
that register molecular sequences deposited with them by researchers. In the journal literature, a reference to the
databank and the accession number assigned to the sequence may accompany, or substitute for, a lengthy graphic
representation of the sequence itself. NLM enters this data in the SI field if this information appears in the printed
journal article. If the article lists a databank but no accession nhumber, only the abbreviation for the databank will be
entered. There is no attempt to edit or verify the databank accession numbers that appear in the journal. Since
sequences may be deposited with more than one databank, there may be multiple occurrences of this field in a
single citation. This information may appear on the article title page, in a footnote or in a statement such as:

Sequence data from this article have been deposited with the EMBL, GenBank and DDBJ Data Libraries

under Accession No. M16978.

The six databanks registering molecular sequence data at the present time are:

20 of 25

rtft?r:{ll\il:tion Databank

|GDB ’Johns Hopkins University Genome Data Bank
|GENBANK \GenBank Nucleic Acid Sequence Database
|OMIM ‘Mendelian Inheritance in Man (McKusick)
lPDB Protein Data Bank

|PIR ’Protein Identification Resource

’RefSeq ‘Reference Sequence

ISWISSPROT |Protein Sequence Database

NLM first began to include this information with the 1988 indexing year. Prior to 2000, NLM's policy was to enter up

to 30 databank accession numbers for each record. Some global maintenance was done over the years to add

databank names/accession numbers whether or not the article itself contained those references. From 2000 forward,
NLM enters all databank accession numbers published in the journal. Data in this field are sorted first by databank

name and then by the accession number.

The SI field and the Entrez sequence database links are not related. The PubMed links to these databases are

created from the reference field of the GenBank or GenPept flatfile. These references include citations that discuss

the specific sequence presented in these flatfiles.
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Beginning in the Summer of 2005, NLM includes the ClinicalTrials.gov identifier number in the SI field when that
information appears in the original publication as recommended by the International Committee of Medical Journal
Editors (ICMJE). The ICMJE Web site (http://www.icmje.org/) contains an editorial and updates on the topic of
registering clinical trials before publication of the results. NLM will include all ClinicalTrials.gov identifier numbers in
the SI field if present in the published article.

Beginning mid-2006, MEDLINE citations also carry the International Standard Randomised Controlled Trial Number

clinical trials deposit site based in the UK that meets the criteria set forth by the ICMJE (Interrﬁfional Committee of
Medical Journal Editors) for responsible disclosure of information to the public. The letters ISRCTN are a part of the
trial number.

Beginning in February 2006, accession numbers for data deposited in NLM’s Gene Expression Omnibus (GEO)
database are included in SI field. GEO is a gene expression/molecular abundance repository supporting data
submissions, and a curated, online resource for gene expression data browsing, query and retrieval.

The databank abbreviation is GEO and the accession number is any one of four prefixes followed by a numeric string:

GDSxxxx (GEO Data Set)
GSExxxx (GEO SEries)
GPLxxxx (GEO PLatform)
GSMxxxx (GEO SaMple)

Beginning in September 2006, accession numbers for sequences in NLM's Reference Sequence (RefSeq) database
are included in the SI field. RefSeq is a curated, non-redundant set of sequences, including genomic DNA, transcript
RNA and protein products.

Table of Contents

Source (SO)

NLM concatenates the following elements to create the journal source:

Journal Title Abbreviation (TA)
Publication Date (DP)

Volume (VI)

Issue (IP)

Pagination (PG)

Elements of other date fields may be added to indicate an additional Epub or Print publication date.

Examples:

SO - Am ] Med. 2005 May;118(5):567.

SO - Hepatology. 2004 Apr;39(4):915-23.

SO - Health Care Finance Rev. 2003 Winter;25(2):77-90.

SO - Eur Spine J. 2005 Nov;14(9):887-94. Epub 2005 Sep 8.

Table of Contents

Space Flight Mission (SFM)

This field resides on citations created by one of our collaborating data producers, the National Aeronautics and Space
Administration (NASA). It is the space flight/mission hame and/or humber when results of research conducted in
space are covered in the cited publication. View a complete list of Space Flight Missions and their associated values
(manned/unmanned; short/long duration) at http://www.nlm.nih.gov/bsd/space_flight.html.

Examples:

SFM - Flight Experiment
SFM - Mir Project

SFM - long duration
SFM - manned
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Status (STAT)
The status field indicates the status of the record. There are seven possible values for this field:

« In-Data-Review: Records in this status have been submitted to NLM electronically by the publisher, and the
journal title, date of publication and volume/issue (source data) have been checked. The source data have
either been:

1. matched to the print copy in NLM's collection and are correct;

2. matched to the online version of the journal (when NLM assigns MeSH headings from the online
version) and are correct; or

3. compared to previously checked-in issues and appear to match the pattern or have been changed to
match the established pattern. In these cases, the physical item has not yet been received for NLM's
collection and the data have not been positively verified and may still change during NLM's processing
cycle.

While all three reviews are at the issue level, most citations fit into the last condition above. It is possible that
the source information may be changed at a later point in the NLM quality assurance cycle once the hard copy
issue is available for exact comparison.

In-Data-Review records lack a Date Completed field. They are not yet MEDLINE records because they have not
undergone complete quality review and MeSH indexing. The issue level review for In-Data-Review status is
the first step in quality control. The records will typically either be reissued as In-process status records or go
to PubMed-not-MEDLINE final record status.

« In-Process: Records in this status have undergone a citation level review; i.e., the author names, article title,
and pagination are checked.

In-process records do not have a Date Completed field, however, they do contain the Subset field. In-process
records are not yet MEDLINE records because they have not undergone complete quality review and MeSH
indexing.

Most in-process records are eventually indexed with MeSH terms and are elevated to completed MEDLINE
status. However, some are determined to be out of scope (e.g., articles on plate tectonics or astrophysics from
certain MEDLINE journals, primarily general science and chemistry journals, for which the life sciences articles
are indexed for MEDLINE) and are not elevated to MEDLINE status; instead they become PubMed-not-Medline
final status records. In rare cases the records are deleted and do not become PubMed-not-MEDLINE records.

¢ MEDLINE: In-process records undergo rigorous quality assurance routines before they are elevated to
MEDLINE status or to PubMed-not-MEDLINE status.

Records in MEDLINE status are the only 'true' MEDLINE records in PubMed. They contain Date Completed and
Subset fields and, in most cases, contain MeSH terms. MEDLINE records that are Retractions of Publications
(see Publication Type element) are exceptions and do not contain MeSH terms.

« OLDMEDLINE: Citations from the OLDMEDLINE subset begin in OLDMEDLINE status. Once all of the original
subject terms from the printed index have been mapped to current MeSH, the citation status is changed to
MEDLINE. See more information about OLDMEDLINE.

¢ PubMed-not-MEDLINE: Records in this status are from journals included in MEDLINE and have undergone
quality review but are not assigned MeSH headings because the cited item is not in scope for MEDLINE either
by topic or by date of publication, or is from a non-MEDLINE journal. The categories of non-MEDLINE records
in this status are:

1. citations to articles that precede the date a journal was selected for MEDLINE indexing and are
submitted for inclusion in PubMed after July 2003;

2. out of scope citations to articles in journals covered by MEDLINE;

3. analytical summaries of articles published elsewhere (see the article, "Linking MEDLINE Citations to
Evidence-Based Medicine Assessments and Summaries", in the May-Jun 2002 NLM Technical Bulletin,
page e2); and

4. (starting in the Summer of 2005) prospective citations to articles from non-MEDLINE journals that
submit full text to PubMed Central®, and are thus cited in PubMed.

PubMed-not-MEDLINE records contain a Date Completed field and lack Subset and MeSH term fields.

* Publisher: The non-MEDLINE records in Publisher Status in PubMed contain the notation [PubMed - as
supplied by publisher] in the PubMed display. At this time the records in Publisher Status are:
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1.
2.

3.

the retrospective records (prior to July 2005) for the relatively few non-MEDLINE journals in PubMed;
the retrospective records for MEDLINE journals prior to date of selection for MEDLINE and that were
submitted electronically by the publishers before late July 2003;

the prospective records for currently indexed journals when the publisher has submitted an issue's
citation data electronically and NLM still awaits its print copy or access to the electronic copy to use for
issue level review (i.e., the journal title, date of publication and volume/issue elements) AND the
publisher-supplied record contains a validation error of some kind that prevents it from being exported
from NLM's Data Creation and Maintenance System (DCMS) along with the records not containing
errors from the same issue. If there were no errors, the record would move to In-Data-Review status
right away and be exported. In these cases, however, NLM staff must take corrective action before the
record can be elevated to In-Data-Review status for export; and

. citations electronically submitted for articles that appear on the Web in advance of the journal issue's

release (i.e., ahead of print citations). Following publication of the completed issue, the item will be
queued for issue level review and released in In-Data-Review status.

Table of Contents

Subset (SB)

This field identifies the subset for MEDLINE records from certain journal lists or records on specialized topics. Some
of these values are found on extremely small numbers of records. Citations may contain more than one occurrence
of this field. The value is true at the time the record was created. If the status of a journal changes, the value on the
record does not change.

Subset field values and their definitions are as follows. Note that several are closed subsets no longer being

assigned.

AIM

citations from Abridged Index Medicus journals, a list of about 120 core clinical, English
language journals.

‘citations from non-Index Medicus journals in the field of biotechnology (not currently used).

citations from non-Index Medicus journals in the field of communication disorders (not
currently used).

citations from dental journals. See the current List of Journals Indexed for MEDLINE (LJI) under
Dentistry and Orthodontics.

‘citations in the field of bioethics. (includes records from the former BIOETHICSLINE database)

older citations from one journal prior to its selection for Index Medicus. Used to augment the
database for NLM's International MEDLARS Centers (not currently used).

citations from non-Index Medicus journals in the field of health administration. (includes
records from the former HealthSTAR database)

‘IM

‘ citations from Index Medicus journals.

citations in the field of population information. (not currently used; on records from the former
POPLINE® database)

‘ citations from non-Index Medicus journals relating to consumer health.

citations from nursing journals. See the current List of Journals Indexed for MEDLINE (LJI)
under Nursing.

OM

citations from the OLDMEDLINE project that originated from the Cumulated Index Medicus and
the Current List of Medical Literature (in 2007 this includes citations from the 1950-1965 print
indexes). The ways they differ from other MEDLINE records are documented under the
applicable element descriptions. The original MeSH Headings assigned at the time the citation
was created in print reside in the Other Term field. Records in the OLDMEDLINE subset have a
status of OLDMEDLINE until all of their original subject terms are mapped to current MeSH;
then their status changes to MEDLINE. NLM makes available both new and revised
OLDMEDLINE records on an irregular and infrequent basis.

citations in the field of the history of medicine. (includes records from the former HISTLINE®
database)
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QIS

citations from non-Index Medicus journals in the field of the history of medicine. (For NLM use
effective in late 2006 because they require special handling at NLM; not a subset of Q; some
journals previously designated as Q are now QIS.)

Qo

is subset of Q - indicates older history of medicine journal citations that were created before
the former HISTLINE file was converted to a MEDLINE-like format. (For NLM use because they
require special handling at NLM).

citations from non-Index Medicus journals in the field of population and reproduction (not
currently used).

citations in the field of space life sciences. (includes records from the former SPACELINE™
database)

citations from non-Index Medicus journals in the field of health technology assessment.
(includes records from the former HealthSTAR database)

‘citations in the field of AIDS/HIV. (includes records from the former AIDSLINE® database)

https://web.archive.org/web/20070711034105/https://www.nlm.nih.gov/...

Examples:

SB - AIM
SB - IM
SB - X

Do not confuse these journal/citation subsets with the Topics subsets available on PubMed's Limits screen, which are
search strategies.

Table of Contents

Transliterated Title (TT)

This field contains the title of each item originally published in a non-English language, in that language.
Transliterations of article titles in some Cyrillic languages (Greek, Bulgarian, Russian, Serbian and Ukrainian) were
added to this field through 2004.

Examples:

TT - Temoignages et lettres.
TT - Wplyw przebiegu rozwoju plodu i noworodka na ujawnienie sie niektorych
choréb okresu doroslego.

For OLDMEDLINE records, the TT field for citations from the 1964 and 1965 Cumulated Index Medicus (CIM) is in all
uppercase letters. Some OLDMEDLINE citations to articles originally published in a non-English language lack the TT

field.

Table of Contents

Volume (V1)

The volume number of the journal in which the article was published is recorded here.

Examples:
VI-7
VI - 5 Spec No

VI - 49 Suppl 20

Some records (especially records from OLDMEDLINE) contain the Issue field but lack the Volume field; some contain
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the Volume field but lack the Issue field; and some records contain Volume and Issue data in the Volume element.
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EX-1035G Clinical Chemistry vol. 52, no. 11 Table of Contents, archived by
Internet Archive on January 28, 2007, available at
https://web.archive.org/web/20070128193542/http://www.clinchem.org/content/vo
152/1ssuell/;

PDF download page for Nalefski, archived by Internet Archive on April 26, 2007,
available at
https://web.archive.org/web/20070426113525/http://www.clinchem.org/cgi/reprint/
52/11/2172;

Full text of Nalefski in HTML, archived by Internet Archive on May 11, 2008,
available at
https://web.archive.org/web/20080511153458/http://www.clinchem.org/cgi/content
/full/52/11/2172; and

Full text of Nalefski in PDF, archived by Internet Archive on May 11, 2008,
available at
https://web.archive.org/web/20080511152327/http://www.clinchem.org/cgi/reprint/
52/11/2172 and select “Begin manual download” to view the PDF version at

https://web.archive.org/web/20080513140918/http://www.clinchem.org/cgi/reprint/
52/11/2172.pdf.
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There is growing interest in the development of ultrasensitive immunoassays to facilitate
validation of novel biomarkers, especially serum biomarkers, and the application of those
assays in clinical settings (1). Current assays focus predominantly on abundantly produced
protein biomarkers, such as cardiovascular structural proteins that leak into the
bloodstream, and less so on lower abundance cytokines and chemokines (2). Even rarer
markers, such as those released from cancerous cells into the bloodstream, remain more
elusive (3). Approaches that exploit recent technological advances in molecular imaging,
especially at the single-molecule level (4), are likely to improve the detection limits of the

immunoassay, and therefore enable improved detection of these markers.

Microfluidic sample delivery and confocal microscopic detection of labeled biomolecules
are useful for detecting targets of interest (5)(6). Two-color correlation counting derived
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from focused laser-induced excitation allows for high signal-to-noise detection even in the presence of large excesses of free probes,
enabling measurement of single molecular events (6). Flow velocity and data acquisition rates can be matched to provide highly

accurate quantification, even for rapid analyses on the order of seconds per sample, and analysis time can easily be extended to provide

increased detection efficiency of rare targets.

Development and application of new assays are straightforward processes based on well-understood fluorescence methods. We
describe application of the Trilogy® 2020 Single Molecule Analyzer for analysis of heterogeneous immunoassays. The human
gonadotropin follicle-stimulating hormone (FSH), which plays a central role in fertility (7), was chosen as a representative analyte

because of its clinical importance and current clinical requirements for high-sensitivity detection (8).

The Trilogy 2020 instrument uses laser beams shaped into stripes for fluorescence illumination and focuses the beams through a

microscope objective into the center of a sample-delivering microcapillary (see the Data Supplement that accompanies the online

Single-Molecule Detection for Femtomolar Quantification of Proteins in Heterogeneous Immunoassays -- Nalefski et al. 52 (11): 2172 -- Clinical ...

version of this article at http://www.clinchem.org/content/vol52/issuel1). Fluorescence collected through the objective lens is separated

into channels and focused onto a charge-coupled device (CCD) camera. Photon counts are integrated over 110 ys in each of 10
superpixels spanning the width of each laser stripe and stored in data bins. We developed a dynamic thresholding approach to identify

and count fluorescence events arising from "in focus" probes (see the online Data Supplement).

We developed a direct immunometric (sandwich) assay for FSH based on a matched monoclonal antibody (mAb) pair specific for FSH

(Medix Biochemica). An a-chain-specific capture mAb was biotinylated by reaction with EZ-Link™ NHS-PEO,-Biotin (Pierce

Biotechnology), leading to 2 biotins/antibody based on biotin quantification by the avidin-2—4'-hydroxyazobenzene benzoic acid
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method. We Cy5-labeled a B-chain—specific reporter mAb by reaction with a FluoroLink™ Cy5 reactive dye (GE Healthcare), leading
to 5 dyes/antibody as measured with dye quantification by ultraviolet/visible spectrophotometry. The source of FSH was a purified
preparation of FSH (Scripps Laboratories, cat. no. F0613) calibrated by the manufacturer. Capture antibody was coupled to
Dynabeads® MyOne™ Streptavidin C1 magnetic beads (Dynal Biotech) at 20 ug per mg of beads in PBS/2% bovine serum albumin
and washed extensively before use. Immunoreactions, performed in 96-well plates, consisted of a 100-uL sample, 2.5 ug prepared
capture beads (50 ng capture antibody), and 2 nmol/L (30 ng) reporter antibody. After orbital shaking for 1 h at room temperature, we
collected beads with a plate magnet and washed them 3 times with cold PBS/0.1% NP40. Reporter antibodies were eluted by addition
of 30 uL of 2 mol/L glycine, 0.15 mol/L NaCl, and 0.01% NP40 for 5 min; longer times did not lead to release of more molecules.

After the magnetic beads were removed, we neutralized the eluent with 3 xL of 2 mol/L Tris, pH 8.6, and 0.01% NP40, and then
analyzed the eluent on the Trilogy instrument.

To characterize the platform sensitivity of the Trilogy 2020 instrument, we collected data on control dilutions of the Cy5-labeled
reporter antibody. Representative digitized data traces from a buffer control or a solution containing the Cy5-labeled antibody collected
in the Red channel over a 10 ms period are shown in Fig 1A®1. To illustrate the increase in detected fluorescent events from reporter
antibody, signals recorded on the CCD camera in each of the 10 pixels were gray-scaled on the basis of increasing intensity (from
white to black). Histogram analysis of bin intensities collected in individual pixels (Fig. 1B®) illustrates the increase in mean intensity
with increasing antibody concentrations over a wide concentration range. A dynamic thresholding approach to analyze a dilution series
of the Cy5-labeled antibody (Fig. 1CB1) reveals that the Trilogy 2020 device exhibits a lower limit of detection (LLOD) of 15 fmol/L,
defined as the smallest antibody concentration that generates a mean (—2 SD) signal that is greater than the mean (+2 SD) signal of a
buffer control. At this concentration of antibody, ~100 fluorescent events, which corresponds to less than a zeptomole, above
background levels were counted in 12 s. The signal response in detecting dye-labeled antibodies was linear up to at least 125 pmol/L,
above which there was a slight deviation downward from the prediction line, revealing a linear response of ~4 orders of magnitude.
The signal response, however, continued to increase with even 1 nmol/L antibodies, indicating a dynamic response of >6 X 104,

Figure 1. Single molecule detection.

> Figure 1
(A), digitized data recorded in 10 adjacent pixels, represented on the x-axis, of the Red
channel over 10 ms, represented on the y-axis, from control buffer (/eft) or a 4 pmol/L
solution of Cy5-labeled antibody (right). Bin intensities recorded on the CCD were scaled
downward 20-fold and then gray-scaled equivalently in both panels from low intensity
(white), to intermediate (grays), and to high intensity (black) for this representation. (B),
View larger version (32K): histograms of bin intensities for data collected in single pixels of the Red channel over 12 s
[in this window] from increasing concentrations of Cy5-labeled antibody (0—1000 pmol/L), illustrating the
[in a new window] increase in mean bin intensity. The number of bins was normalized to time. (C), dose

dependence of the number of bins observed to exceed the dynamic fluorescence threshold,
normalized to time, on the concentration of Cy5-labeled antibody. Symbols represent the
mean of multiple replicates for no antibody (n = 20) or the indicated concentrations of
antibody (n = 3). Standard deviations of replicates are indicated by bars, which are in most
cases smaller than symbols. The solid line represents linear fitting of the data over 125
pmol/L; open symbols represent data deviating from linearity. LLOD is calculated here as
15 fmol/L. (D-E). Raw trace files collected in the Red channel over 100 ms in single pixels
on eluents from immunoreactions containing no FSH (D) or 1 IU/L FSH (E). The dynamic
threshold value of 4 counts used to detect antibody molecules is indicated by the dashed
horizontal line. (F), FSH immunoassay dose—response curve, illustrating the dependence of
observed numbers of bins that exceed dynamically applied thresholds, normalized to time,
on the amount of FSH in the reaction. Symbols represent mean values for multiple
replicates of no FSH (n = 11) or 12 different FSH dilutions (n = 3). Standard deviations of
replicates are indicated by bars, which are smaller than symbols in most cases. The solid
line represents fitting of data with a 4-parameter logistic equation. LLOD is calculated here
at 20 mIU/L.

After releasing the captured reporter antibodies into solution, we analyzed eluents from heterogeneous FSH immunoreactions on the
Trilogy instrument. Short segments of representative trace files are provided in Fig. 1@ , D-E. Without added FSH, we detected only a
few reporter antibodies over the dynamic threshold (Fig. 1D®&1). In contrast, considerably more reporter antibodies were detected when
FSH was included in the immunoreaction (Fig. 1E®.). A dose-response curve was generated in which FSH concentrations were
increased over several logs, and we used the dynamic thresholding approach to determine the resulting antibody signal (Fig. 1Fa]).
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Detailed analysis of the curve revealed that the LLOD for the immunoassay conducted under these conditions was 20 mIU/L FSH (~34
fmol/L), in this case defined as the smallest concentration of FSH that generates a mean signal that is 2 SDs above that of a buffer
control. For this concentration of FSH, hundreds of fluorescent events, corresponding to zeptomoles of antibodies, were counted above
background in 12 s. The signal response continued to increase to 2200 IU/L FSH, yielding a total dynamic range >4000. In contrast,
commonly used enzymatic signal amplification assays are reported to be at least 1 order of magnitude less sensitive (8).

In conclusion, with the Trilogy platform, based on confocal microscopic detection in microcapillaries, photon bursts corresponding to
fluorescently labeled antibodies are readily distinguishable from background. Counting molecular events, in turn, provides a very
sensitive and precise way to quantify biomolecules of interest. Analysis times of only a few seconds are required to detect as little as
zeptomoles of protein analytes, leading to low femtomolar LODs.

In addition to several advantages offered by heterogeneous formats (9), analyte enrichment during the capture step provides a unique
opportunity to capitalize on the exquisite sensitivity provided by single-molecule analysis. Because the interrogation zone is on the
order of femtoliters, the inner diameter of the sample delivery microcapillary is on the order of tens of micrometers, suitable counting
statistics are achieved in seconds, and only small volumes of captured and released reporter antibodies are required for analysis. For
instance, at 10 ym/ms, the typical linear flow velocity, only a few microliters are consumed in 12 s, a small fraction of the tens of
microliters of reporter antibodies eluted from immune reactions conducted on 100 uL of sample, as reported here. Liquid handling
procedures designed to deal with smaller volumes would further decrease the required sample size. This feature would be very useful
in pediatric tests, for which only small sample volumes are dedicated per test. An added advantage of the single molecule approach is
the requirement for only small quantities of probe reagents: for the FSH assay described here, only 30—-50 ng of capture and reporter
antibodies are consumed per sample per well, and even less would be needed with further miniaturization.

We used FSH as an example to demonstrate the principles and features of single-molecule, heterogeneous-immunoassays. The
platform should be equally suitable for the analysis of other fluorescently labeled reporter antibodies and antigens. Although
interference, antibody cross-reactivity, and matrix effects that potentially limit other immunoassays must be considered, they pose no
particular challenge for the single-molecule approach. The present study used a capture approach involving biotinylated antibodies
immobilized to streptavidin-conjugated beads, but the method is not limited to this approach; we have successfully quantified antigens
with capture strategies involving antibodies covalently attached or nonspecifically adsorbed to beads and membranes (data not shown).
Furthermore, with inclusion of additional sets of capture reagents and reporter antibodies matching the other fluorescent channels
offered by the Trilogy instrument, the platform can simultaneously detect multiple analytes (data not shown). Finally, the platform can
be used for precise and sensitive detection of fluorescently labeled probe molecules used in other assays, including those specific for
particular nucleic acids (5).
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sequences representing all known high-risk HPV E6 were
tested, and PDZ 88 interacted with all of them with
greatest binding strength. Therefore, PDZ 88 was selected
as the capture reagent. The recognition of PDZ 88 to only
high-risk HPV E6 (e.g., HPV types 16, 18, 33, 35, 52, 58,
and 66) but not low-risk HPV E6 (e.g., HPV types 77 and
57) provides a high degree of selectivity for the assay.

Antibodies to HPV E6 from high-risk HPV types were
generated. The antibodies were screened for affinity and
cross-reactivity with other HPV E6. The antibody with the
strongest reactivity to HPV-16 E6 was selected as the
detector.

The magnetic immunochromatographic strip was se-
lected for evaluation as the assay platform on the basis of
ease of use and acceptability in low-resource settings,
inherent sensitivity of the technology, and the ability to
quantify results. MagnaBioSciences has developed a mag-
netic immunochromatographic test platform including an
assay cassette and reader that is suitable for developing
quantitative assays for a variety of analytes. The assay
described here was developed on this platform. Addi-
tional studies for the method have shown that strip-to-
strip reproducibility yields a CV of <10%, and reader
reproducibility yields a CV of 1.5% (data not shown).

The PDZ capture reagent was immobilized on a nitro-
cellulose membrane. Assays were assembled with a lam-
inate backing, membrane with immobilized PDZ, hydro-
philic sample pad, absorbent pad, and membrane cover
tape. Test strips were cut to a width of 7.5 mm. The
soluble-phase detection antibody was covalently conju-
gated to superparamagnetic particles.

Doubling dilutions of recombinant HPV-16 E6 from 332
to 5.2 ug/L were prepared in the proprietary assay
running buffer containing Tris, surfactants, and blocking
agents. The detection reagent was mixed with the sample,
and 250 pL was applied to the strip. On migration of the
sample, the strips were inserted into the magnetic strip
reader. The strip reader generated data curves. Peak
height was selected, and data were reported as relative
magnetic units (RMUs).

The assay cutoff was conservatively set at 3 times the
mean RMU of the negative controls. The RMU value for
each sample was divided by the cutoff. Samples >1 were
considered positive.

Lower amounts of the target protein led to lower RMU
values (Fig. 1B). Strips titrated with recombinant HPV-16
E6 and read on the magnetic strip reader exhibited a
linear response.

An initial prototype of the magnetic immunochromato-
graphic strip assay is capable of detecting recombinant
HPV-16 E6 down to 2.6 ng/assay (~2 600 000 cells). An
early version of the assay in an ELISA format detected
oncogenic E6 from cervical cancer cell lines down to 30
pg/assay (~30000 cells). Future steps include further
optimization to decrease detection limits and evaluation
of cell cultures and cervical cell swabs from clients. Once
utility with HPV16 is demonstrated, additional high-risk
HPV types will be added to the assay.
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A. Nalefski, Christina M. D’ Antoni, Evan P. Ferrell, Janice A.
Lloyd, Haoqun Qiu, John L. Harris, and Duncan H. Whitney*
(US. Genomics, Woburn, MA; *address correspon-
dence to this author at: U.S. Genomics, 12 Gill St., Suite
4700, Woburn, MA 01801; fax 781-938-0060, e-mail
dwhitney@usgenomics.com)

There is growing interest in the development of ultrasen-
sitive immunoassays to facilitate validation of novel
biomarkers, especially serum biomarkers, and the appli-
cation of those assays in clinical settings (1). Current
assays focus predominantly on abundantly produced
protein biomarkers, such as cardiovascular structural pro-
teins that leak into the bloodstream, and less so on lower
abundance cytokines and chemokines (2). Even rarer
markers, such as those released from cancerous cells into
the bloodstream, remain more elusive (3). Approaches
that exploit recent technological advances in molecular
imaging, especially at the single-molecule level (4), are
likely to improve the detection limits of the immunoassay,
and therefore enable improved detection of these mark-
ers.

Microfluidic sample delivery and confocal microscopic
detection of labeled biomolecules are useful for detecting
targets of interest (5, 6). Two-color correlation counting
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derived from focused laser-induced excitation allows for
high signal-to-noise detection even in the presence of
large excesses of free probes, enabling measurement of
single molecular events (6). Flow velocity and data acqui-
sition rates can be matched to provide highly accurate
quantification, even for rapid analyses on the order of
seconds per sample, and analysis time can easily be
extended to provide increased detection efficiency of rare
targets.

Development and application of new assays are
straightforward processes based on well-understood flu-
orescence methods. We describe application of the
Trilogy® 2020 Single Molecule Analyzer for analysis of
heterogeneous immunoassays. The human gonadotropin
follicle-stimulating hormone (FSH), which plays a central
role in fertility (7), was chosen as a representative analyte
because of its clinical importance and current clinical
requirements for high-sensitivity detection (8).

The Trilogy 2020 instrument uses laser beams shaped
into stripes for fluorescence illumination and focuses the
beams through a microscope objective into the center of a
sample-delivering microcapillary (see the Data Supple-
ment that accompanies the online version of this article at
http:/ /www.clinchem.org/content/vol52/issuell). Flu-
orescence collected through the objective lens is separated
into channels and focused onto a charge-coupled device
(CCD) camera. Photon counts are integrated over 110 us
in each of 10 superpixels spanning the width of each laser
stripe and stored in data bins. We developed a dynamic
thresholding approach to identify and count fluorescence
events arising from “in focus” probes (see the online Data
Supplement).

We developed a direct immunometric (sandwich) assay
for FSH based on a matched monoclonal antibody (mAb)
pair specific for FSH (Medix Biochemica). An a-chain-
specific capture mAb was biotinylated by reaction with
EZ-Link™ NHS-PEO,-Biotin (Pierce Biotechnology),
leading to 2 biotins/antibody based on biotin quantifica-
tion by the avidin-2-4'-hydroxyazobenzene benzoic acid
method. We Cyb5-labeled a B-chain—specific reporter mAb
by reaction with a FluoroLink™ Cy5 reactive dye (GE
Healthcare), leading to 5 dyes/antibody as measured
with dye quantification by ultraviolet/visible spectropho-
tometry. The source of FSH was a purified preparation of
FSH (Scripps Laboratories, cat. no. F0613) calibrated by
the manufacturer. Capture antibody was coupled to
Dynabeads® MyOne™ Streptavidin C1 magnetic beads
(Dynal Biotech) at 20 ug per mg of beads in PBS/2%
bovine serum albumin and washed extensively before
use. Immunoreactions, performed in 96-well plates, con-
sisted of a 100-uL sample, 2.5 ug prepared capture beads
(50 ng capture antibody), and 2 nmol/L (30 ng) reporter
antibody. After orbital shaking for 1 h at room tempera-
ture, we collected beads with a plate magnet and washed
them 3 times with cold PBS/0.1% NP40. Reporter anti-
bodies were eluted by addition of 30 uL of 2 mol/L
glycine, 0.15 mol/L NaCl, and 0.01% NP40 for 5 min;
longer times did not lead to release of more molecules.
After the magnetic beads were removed, we neutralized
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the eluent with 3 uL of 2 mol/L Tris, pH 8.6, and 0.01%
NP40, and then analyzed the eluent on the Trilogy instru-
ment.

To characterize the platform sensitivity of the Trilogy
2020 instrument, we collected data on control dilutions of
the Cyb5-labeled reporter antibody. Representative digi-
tized data traces from a buffer control or a solution
containing the Cy5-labeled antibody collected in the Red
channel over a 10 ms period are shown in Fig 1A. To
illustrate the increase in detected fluorescent events from
reporter antibody, signals recorded on the CCD camera in
each of the 10 pixels were gray-scaled on the basis of
increasing intensity (from white to black). Histogram
analysis of bin intensities collected in individual pixels
(Fig. 1B) illustrates the increase in mean intensity with
increasing antibody concentrations over a wide concen-
tration range. A dynamic thresholding approach to ana-
lyze a dilution series of the Cy5-labeled antibody (Fig. 1C)
reveals that the Trilogy 2020 device exhibits a lower limit
of detection (LLOD) of 15 fmol/L, defined as the smallest
antibody concentration that generates a mean (—2 SD)
signal that is greater than the mean (+2 SD) signal of a
buffer control. At this concentration of antibody, ~100
fluorescent events, which corresponds to less than a
zeptomole, above background levels were counted in 12 s.
The signal response in detecting dye-labeled antibodies
was linear up to at least 125 pmol/L, above which there
was a slight deviation downward from the prediction
line, revealing a linear response of ~4 orders of magni-
tude. The signal response, however, continued to increase
with even 1 nmol/L antibodies, indicating a dynamic
response of >6 X 10*

After releasing the captured reporter antibodies into
solution, we analyzed eluents from heterogeneous FSH
immunoreactions on the Trilogy instrument. Short seg-
ments of representative trace files are provided in Fig. 1,
D-E. Without added FSH, we detected only a few reporter
antibodies over the dynamic threshold (Fig. 1D). In con-
trast, considerably more reporter antibodies were de-
tected when FSH was included in the immunoreaction
(Fig. 1E). A dose-response curve was generated in which
FSH concentrations were increased over several logs, and
we used the dynamic thresholding approach to determine
the resulting antibody signal (Fig. 1F). Detailed analysis of
the curve revealed that the LLOD for the immunoassay
conducted under these conditions was 20 mIU/L FSH
(~34 fmol/L), in this case defined as the smallest concen-
tration of FSH that generates a mean signal that is 2 SDs
above that of a buffer control. For this concentration of
FSH, hundreds of fluorescent events, corresponding to
zeptomoles of antibodies, were counted above back-
ground in 12 s. The signal response continued to increase
to =200 IU/L FSH, yielding a total dynamic range >4000.
In contrast, commonly used enzymatic signal amplifica-
tion assays are reported to be at least 1 order of magnitude
less sensitive (8).

In conclusion, with the Trilogy platform, based on
confocal microscopic detection in microcapillaries, photon
bursts corresponding to fluorescently labeled antibodies
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Fig. 1. Single molecule detection.

(A), digitized data recorded in 10 adjacent pixels, represented on the x-axis, of the Red channel over 10 ms, represented on the y-axis, from control buffer (left) or a
4 pmol/L solution of Cy5-labeled antibody (right). Bin intensities recorded on the CCD were scaled downward 20-fold and then gray-scaled equivalently in both panels
from low intensity (white), to intermediate (grays), and to high intensity (black) for this representation. (B), histograms of bin intensities for data collected in single pixels
of the Red channel over 12 s from increasing concentrations of Cy5-labeled antibody (0-1000 pmol/L), illustrating the increase in mean bin intensity. The number of
bins was normalized to time. (C), dose dependence of the number of bins observed to exceed the dynamic fluorescence threshold, normalized to time, on the
concentration of Cy5-labeled antibody. Symbols represent the mean of multiple replicates for no antibody (n = 20) or the indicated concentrations of antibody (n =
3). Standard deviations of replicates are indicated by bars, which are in most cases smaller than symbols. The solid line represents linear fitting of the data over
125 pmol/L; open symbols represent data deviating from linearity. LLOD is calculated here as 15 fmol/L. (D-E). Raw trace files collected in the Red channel over
100 ms in single pixels on eluents from immunoreactions containing no FSH (D) or 1 IU/L FSH (E). The dynamic threshold value of 4 counts used to detect antibody
molecules is indicated by the dashed horizontal line. (F), FSH immunoassay dose—-response curve, illustrating the dependence of observed numbers of bins that exceed
dynamically applied thresholds, normalized to time, on the amount of FSH in the reaction. Symbols represent mean values for multiple replicates of no FSH (n = 11)
or 12 different FSH dilutions (n = 3). Standard deviations of replicates are indicated by bars, which are smaller than symbols in most cases. The solid line represents

fitting of data with a 4-parameter logistic equation. LLOD is calculated here at 20 mIU/L.

are readily distinguishable from background. Counting
molecular events, in turn, provides a very sensitive and
precise way to quantify biomolecules of interest. Analysis
times of only a few seconds are required to detect as little
as zeptomoles of protein analytes, leading to low femto-
molar LODs.

In addition to several advantages offered by heteroge-
neous formats (9), analyte enrichment during the capture
step provides a unique opportunity to capitalize on the
exquisite sensitivity provided by single-molecule analy-
sis. Because the interrogation zone is on the order of
femtoliters, the inner diameter of the sample delivery
microcapillary is on the order of tens of micrometers,
suitable counting statistics are achieved in seconds, and
only small volumes of captured and released reporter
antibodies are required for analysis. For instance, at 10
wm/ms, the typical linear flow velocity, only a few
microliters are consumed in 12 s, a small fraction of the
tens of microliters of reporter antibodies eluted from
immune reactions conducted on 100 uL of sample, as

reported here. Liquid handling procedures designed to
deal with smaller volumes would further decrease the
required sample size. This feature would be very useful in
pediatric tests, for which only small sample volumes are
dedicated per test. An added advantage of the single
molecule approach is the requirement for only small
quantities of probe reagents: for the FSH assay described
here, only 30-50 ng of capture and reporter antibodies are
consumed per sample per well, and even less would be
needed with further miniaturization.

We used FSH as an example to demonstrate the prin-
ciples and features of single-molecule, heterogeneous-
immunoassays. The platform should be equally suitable
for the analysis of other fluorescently labeled reporter
antibodies and antigens. Although interference, antibody
cross-reactivity, and matrix effects that potentially limit
other immunoassays must be considered, they pose no
particular challenge for the single-molecule approach.
The present study used a capture approach involving
biotinylated antibodies immobilized to streptavidin-con-
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jugated beads, but the method is not limited to this
approach; we have successfully quantified antigens with
capture strategies involving antibodies covalently attached
or nonspecifically adsorbed to beads and membranes (data
not shown). Furthermore, with inclusion of additional sets of
capture reagents and reporter antibodies matching the other
fluorescent channels offered by the Trilogy instrument, the
platform can simultaneously detect multiple analytes (data
not shown). Finally, the platform can be used for precise and
sensitive detection of fluorescently labeled probe molecules
used in other assays, including those specific for particular
nucleic acids (5).
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Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1043
000336



EX-1011A Copy of Bourzac available at https://
www.technologyreview.com/2008/05/13/220548/next-generation-diagnostics/
from MIT Technology Review.

Fujirebio Diagnostics, Inc. v. Quanterix Corp.
EX-1043
000337



Next-Generation Diagnostics | MIT Technology Review https://www.technologyreview.com/2008/05/13/220548/next-generation...

MIT Technology Review SUBSCRIBE

Next-Generation Diagnostics

A startup can detect tiny traces of cancer markers in blood samples.

By Katherine Bourzac
May 13,2008

One of the loftier dreams of personalized medicine is to detect and eliminate tumors before they become life
threatening-before they are even visible on medical images. Now a Cambridge, MA, startup called Quanterix
is developing an extremely sensitive protein-detection technology that can count single molecules-and could
potentially detect the trace amounts of characteristic proteins that tiny tumors release into the blood.

Lab on a tip: Wells carved into the tip of an optical fiber allow researchers to detect single proteins in blood samples. Each wellin
thisimage is about 2.5 micrometers in diameter and sits at the tip of an individual thread of an optical fiber.

“The premise is to get diagnostics to the most sensitive level possible,” says David Walt, a chemist and
Howard Hughes Medical Institute professor at Tufts University, who developed the Quanterix technology.
Trace proteins in the blood could also reveal early signs of heart disease, Alzheimer’s, and other ailments, and
enable noninvasive fetal diagnostics.

“If we could understand the baseline levels of proteins in the serum, it could be used to track the integrated
health of a person over the course of life,” says Christopher Love, a chemical-engineering professor at MIT

who is not involved with Quanterix.

With current clinical technologies, hospital labs can detect only the most abundant proteins-only a quarter of
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all those known to be present in the blood. Because proteins are present in the blood at a range of different
concentrations spanning about 16 orders of magnitude, abundant proteins mask the rare ones. “It’s like trying
to look for a slightly different piece of hay in the haystack,” says Forest White, a biological engineer at MIT.

The current detection limit is 10 picograms of
protein per milliliter of blood. But Walt has Multimedia

developed a detection technique that allows him

to count individual protein molecules present in Watch proteins light up inside an optical fiber.

the blood using specially treated optical fibers. A

single optical fiber is a bundle made up of

thousands of individual glass threads, each of which carries a distinct stream of light. By dipping optical fibers
in acid, Walt etches them with tens of thousands of microwells, one at the tip of each thread. That effectively
makes each fiber into a large array of nanoscale test tubes, each of which is then coated with thousands of
protein-capturing antibodies.

The tip of the fiber is dipped into a droplet containing a blood sample and a protein-targeting enzyme. If the
protein is present in the blood trapped inside an individual well, it will be captured between the antibody and
the enzyme like the meat inside a sandwich. When Walt sends light down the optical fiber, the sandwiched
antibody and enzyme undergo a reaction that produces red or yellow fluorescent light. The light travels back
up the optical fiber.

By counting how many microwells light up, Walt can determine the concentration of a protein in a blood
sample. In an unpublished proof-of-principle experiment, Walt says that his optical-fiber method was able to
detect a human cancer biomarker in cow’s blood at concentrations 250 times lower than that possible using
clinical techniques.

So little is known about the 800 or more remaining blood proteins that fall under current detection limits that
scientists can only speculate on their clinical relevance. “We’re talking to clinicians to figure out what makes
sense to test for,” says Walt. Once the company picks target proteins, they’ll draw on blood samples archived
at hospitals and try to correlate protein levels with clinical outcomes. “Every time a more sensitive technology
has become available, it has opened up new diagnostics and led to advances in treatment,” says Walt.

Early detection can have a downside. “We don’t want to scare people by telling them, “You have an early
tumor,” says Walt. “It may be that the immune system takes care of small tumors.” So any potential biomarkers
will have to be carefully validated. But even if the new method only leads to a test for a single cancer
biomarker, Walt hopes that it will improve survival rates for a large number of people.

“We believe this has the potential for transforming diagnostics,” Walt says. T

by Katherine Bourzac
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We did the math on Al’s energy
footprint. Here’s the story you haven’t
heard.

The emissions from individual Al text, image, and video queries
seem small—until you add up what the industry isn't tracking
and consider where it's heading next.

By James O'Donnell & Casey Crownhart

The US has approved
CRISPR pigs for food

Pigs whose DNA makes them resistant to
avirus could be the first big consumer
product using gene editing.

By Antonio Regalado
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Cyberattacks by Al
agents are coming

Agents could make it easier and cheaper
for criminals to hack systems at scale.
We need to be ready.

By Rhiannon Williams

https://www.technologyreview.com/2008/05/13/220548/next-generation...

How the federal governmentis tracking
changes in the supply of street drugs

The National Institute of Standards and Technology’s new harm
reduction initiative is helping prevent needless deaths.

By Adam Bluestein
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