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Puebla, Mexico

UNA RYAN
St. Louis, Mo.

HIDEHIKO SAITO
Nagoya, Japan

VIRGINIA SAVIN
Kansas City, Mo.

ROBERT SCHWARTZ
Boston, Mass.

JAN SIXMA
Utrecht, The Netherlands

MARTIN STEINBERG
Jackson, Miss.

THOMAS STOSSEL
Boston, Mass.

GALEN TOEWS
Ann Arbor, Mich.

REBECCA VAN DYKE
Ann Arbor, Mich.

JUDSON VAN WYK
Chapel Hill, N.C.

JAN VERHOEF
Utrecht, The Netherlands

GIANCARLO VIBERTI
London, England

PETER WARD
Ann Arbor, Mich.

DAVID WEATHERALL
Oxford, England

GERALD WEISSMANN
New York, N.Y.

SAMUEL WRIGHT
New York, N.Y.

YOSHIHITO YAWATA
Okayama, Japan

ESMAIL ZANJANI
Reno, Nev.

DOROTHEA ZUCKER-
FRANKLIN

New York, N.Y.

J Lab Clin Med
Page 3ADecember 2005



The Journal of Laboratory and Clinical Medicine
MMC 105, University of Minnesota
420 Southeast Delaware Street
Minneapolis, MN 55455
Phone: (612)626-2640
Fax: (612)626-2642
E-mail: jlcm@umn.edu

INSTRUCTIONS FOR AUTHORS

Editorial scope and policy

The Journal encourages the submission of manuscripts
describing primarily original investigations in the broad
fields of laboratory and clinical medicine. Papers submit-
ted by nonmembers of the Central Society for Clinical
Research will be given equal consideration with those of
members. The Journal aims to improve the exchange
between basic and clinical science, and encourages sub-
mission of reports in the area generally termed transla-
tional medicine. Reports of purely laboratory or animal
investigations should have the potential for application to
human disease, and reports of preliminary human inves-
tigations should have the potential for advancing our un-
derstanding of the biology of human disease.

The Journal will consider manuscripts that are primarily
methodologic if the method is novel, if its development
poses or answers important biologic questions, or if its
description includes data applying it to a study of potential
interest to our readership. Papers describing refinements
of routine clinical laboratory tests are not encouraged.

The Journal publishes reviews and welcomes submis-
sion of review manuscripts. Both state-of-the-art compre-
hensive reviews, directed at research scientists in specific
fields, and more general informative reviews, directed at
the broader community of clinical investigators, are wel-
come. Authors of reviews should realize that the Journal is
multidisciplinary and that review articles for such a journal
require appropriate interpretive material. Clarity of pre-
sentation is a major criterion for acceptance.

Papers involving studies in human subjects must be
accompanied by statements that the research was carried
out according to the principles of the Declaration of Hel-
sinki, that informed consent was obtained, and that the
author’s institutional review board has approved the
study. This statement must be included in the Methods
section. The Journal encourages authors to discuss the
ethical concerns in research that involves significant risk to
participants.

Scientific commentary about published articles may be
submitted as a Letter to the Editor. These comments
should be directed at confirming the results (from a dif-
ferent approach), extending the original report, or refuting
results or the authors’ interpretation. Maximum length of a
letter is 500 words; maximum number of references is five.
The Editor reserves the right to decide on publication of
letters, shorten them, remove objectionable comments,
and make other changes in accord with the Journal’s style.

The publisher and editors of The Journal of Laboratory
and Clinical Medicine subscribe to the definitions of au-
thorship as set forth in the Uniform Requirements for
Manuscripts Submitted to Biomedical Journals; accord-

ingly, we expect each listed author to accept full respon-
sibility for the paper. Manuscripts submitted to The Jour-
nal of Laboratory and Clinical Medicine are reviewed
(and ultimately published) with the understanding that all
potential copyright conflicts have been addressed by the
author(s) and that all overlap with other publications—by
the authors or by others—have been disclosed. Moreover,
in the event that fraud or other irregularity is alleged
within 5 years of the appearance of a paper in the Journal,
it is our expectation that the authors will at our request
produce both the actual data on which the paper was
based and documentation of adequate resources to have
carried out the work in question.

Review and selection

All appropriate articles are reviewed by an editor and at
least one outside reviewer. Potentially acceptable submis-
sions will also be reviewed in detail by an additional
referee with expertise in the specific area. Authors are
encouraged to provide the Editor with a list of three to five
potential reviewers. The decision to use these reviewers
remains with the Editor. Final acceptance is based on
originality, significance, documentation of conclusions,
and form of presentation.

Manuscript preparation and organization

Manuscripts should be submitted online at http://ees.
elsevier.com/jlcm. The website guides authors stepwise
through the creation and uploading of various files. Text,
tables and graphics are uploaded separately. Original
source files, not PDF files, are required. Files should be
labeled with appropriate and descriptive file names (e.g.,
SmithText.doc, Fig1.tiff, Table3.doc). The manuscript
should be typed double-spaced. Do not import figures or
tables into the text document. Once the submission files
are uploaded, the system automatically generates an elec-
tronic (PDF) proof, which is then used for reviewing. All
correspondence will be by e-mail. Please send queries
concerning the submission process to the Editorial Office
at jlcm@umn.edu.

Authors who are unable to use the online submission
system must contact the Editorial Office prior to submis-
sion to discuss alternate options.

The main sections of all manuscripts should be indi-
cated with capitalized head set flush with the left margin.
The organization of review articles should be appropriate
to the content of the review. The following organization is
expected for manuscripts describing original investiga-
tions.

J Lab Clin Med
Page 4A December 2005



Title page. This should include the affiliations of the
author(s) and the sources of support for the investigation,
when appropriate. Also indicate the address of the author
to whom correspondence and reprint requests should be
directed; include business and fax numbers.

Abstract. An abstract of 250 words or less should orient
the reader to the problem, describe the major observa-
tions, and state the principal conclusions. It should be
easily understood without reference to the text.

Running head and abbreviations. Include an abbre-
viated title (45 characters or less) and a list of definitions of
any abbreviations used in the manuscript. Because this is
a multidisciplinary journal, abbreviations should be kept
to a minimum. It is preferable to use only universally
understood abbreviations. Only standard chemical or non-
proprietary pharmaceutical nomenclature should be used.

Introduction. This should be organized and expressed
in a way that will introduce and orient the general scien-
tific reader to the topic.

Methods. The Methods section should include a de-
scription of the statistical methods used.

Results. These may be presented in tables or figures
that should not duplicate the text. All tables and figures
must be numbered in the order of their mention in the
text.

Tables should be typed double-spaced on separate
pages. Do not use ditto marks. Center the table number at
the top of the page and the title of the table beneath it.

A reasonable number of black-and-white illustrations
are permitted without extra charge to the author. A com-
plete production set of publication-quality figures must
accompany the manuscript. Resolution for halftone im-
ages should be 300 dots per inch (dpi) at the size it will
appear in print. Resolution for line art should be 1200 dpi
at the size it will appear in print. All images should be at
least 5 inches wide. Preferably, format for digital files
should be TIFF (Tagged image file format). JPEG (Joint
Photographic Experts Group) format can be used for half-
tone photographs if the image is saved with minimum
compression. Please do not save digital files in GIF
(Graphics Interchange Format) format. Please do not em-
bed figures in the manuscript’s word processing file. Im-
ages submitted in software-specific proprietary formats
(e.g., PowerPoint, Harvard Graphics, Visio, etc.) must
meet specific conditions. Instructions for preparing art-
work for online submission can be found at www.
ees.elsevier.com/jlcm.

Consistency in size of illustrations within the article is
strongly preferred. Any special instructions regarding siz-
ing should be clearly noted. Arrangements for the use of
figures requiring special handling may be made with the
Editor at an additional charge.

Legends for figures should be typed double-spaced on
a separate page.

Avoid duplicating previously published material. If it is
necessary to use any copyrighted table, figure, or data, the
figure legend or table footnote should give full credit to
the original source and should state that the material is
reprinted with permission.

Discussion. The discussion should set the results in
context and set forth the major conclusions of the authors.
Information from the Introduction or Results section
should not be repeated unless necessary for clarity. The
authors’ speculations concerning the possible implications

of the findings may be presented in this section but should
be clearly separated from the direct inferences. As the
Journal and its audience are multidisciplinary, we encour-
age the inclusion of a short concluding paragraph, under
the subheading “Speculations,” which would point out
and clearly denote such broader possibilities for the gen-
eral readership.

Acknowledgment(s)

In addition to the customary recognition of nonauthors
who have been helpful to the work described, this section
must disclose any substantive conflicts of interest.

References. All references must be cited in the text.
These should be numbered serially in the text and listed,
in the order cited, after any personal acknowledgments.
Reference format should follow the style outlined in “Uni-
form Requirements for Manuscripts Submitted to Biomed-
ical Journals” (Vancouver style) (JAMA 1993;269:2282-6).
Journal abbreviations should conform to the style of the
Cumulated Index Medicus. If not listed in the CIM, journal
titles should not be abbreviated. Authors are responsible
for the accuracy of their references. Note: Unpublished
results and personal communications do not belong in the
reference list; they should be cited parenthetically in the
text.

EXAMPLES (if six or fewer authors, list all; if seven or more,
list first six and add et al.):
Journal articles:
You CH, Lee KY, Chey WY, Menguy R. Electrogastro-
graphic study of patients with unexplained nausea,
bloating and vomiting. Gastroenterology 1980;79:311-4.
Books:
Langer M, Chiandussi L, Chopra IJ, Martini L, editors.
The endocrines and the liver. London: Academic Press,
1984:9-34.
Chapters in books:
Gustafsson JA, Eneroth P, Hokfelt T, Mode A, Norstedt
G. Studies on the hypothalamo-pituitary axis: a novel
concept in regulation of steroid and drug metabolism.
In: Langer M, Chiandussi L, Chapra IJ, Martini L, editors.
The endocrines and the liver. London: Academic Press,
1984:9-34.

Permissions and patient consent forms

Direct quotations, tables, or illustrations that have ap-
peared in copyrighted material must be accompanied by
written permission for their use from the copyright owner
and original author, along with complete information as to
source. Photographs of identifiable persons must be ac-
companied by signed releases showing informed consent.

Required special items

1. At the time of submission, the Journal requires an
explicit statement by the senior corresponding author
warranting that the manuscript, as submitted, has been
reviewed by and approved by all named authors; that the
corresponding author is empowered by all of the authors
to act on their behalf with respect to the submission of the
manuscript; that the article is original; that the article does
not infringe upon any copyright or other proprietary right
of any third party; that neither the text nor the data re-

J Lab Clin Med
Page 5ADecember 2005



ported have been published previously (abstracts except-
ed); and that the article or a substantially similar article is
not under consideration by another journal at this time.
The author agreement can be completed during online
submission.

It is understood that statements and opinions expressed
in the articles and communications herein are those of the
author(s) and not necessarily those of the editor(s) or
publisher, and the editor(s) and publisher disclaim any
responsibility or liability for such material.

If the manuscript receives favorable consideration, a
form transferring copyright and confirming authorship will
be sent to the corresponding author. It must be signed by
all authors. If US Government jurisdiction precludes copy-
right transfer, provide a specific statement of exemption.

In accordance with the National Institutes of Health
(NIH) Public Access Policy, all NIH-funded authors who
have been accepted for publication in an Elsevier published
journal may indicate that they wish to meet the NIH request
by sending an email to NIHauthorrequest@elsevier.com.
Elsevier will subsequently send the author’s manuscript
incorporating changes made during the peer-review pro-
cess to PubMed Central, and authorize its posting 12
months after final publication.

2. There is a $35 handling fee. Remit a check drawn on
a US bank only or a US postal money order made payable
to The Journal of Laboratory and Clinical Medicine.
Checks and money orders can be mailed to the Editorial
Office at the address below. The handling fee can also be
paid by credit card. A charge of $45 per page will be made
at the time of publication.

If the proper handling fee is not received at the time of
final disposition, the manuscript will be retained in the

Editor’s office and a reminder sent to the submitting au-
thor that the manuscript cannot be processed further until
the missing item is received.

All communications relating to the submission, review,
and publication of manuscripts should be addressed to the
Editor.

Reprints

Interested parties may obtain individual reprints
through the author.

Mailing instructions

Please use the following mailing label format.

For Postal delivery:

The Journal of Laboratory and Clinical Medicine
MMC 105, University of Minnesota
420 Southeast Delaware Street
Minneapolis, MN 55455

For parcel services requiring a precise location (UPS/DHL/
FedEx):

The Journal of Laboratory and Clinical Medicine
University of Minnesota
Masonic Cancer Center, M-500
424 Harvard Street SE
Minneapolis, MN 55455 (USA)
Phone contact: (612) 626-2640

Checklist for authors
Complete this checklist before sending your manuscript.
— Letter of submission
— Author agreement
— Handling fee— $35 by US check, money order, or

credit card
— Title page
— Title
— Author(s) and affiliation(s)
— Address and telephone numbers of author to whom

correspondence and reprint requests are to be ad-
dressed

— Abstract (double-spaced)

— Page with running head and abbreviations
— Article proper with headings (all double-spaced)

— Introduction
— Methods
— Results (including tables and four complete sets of

illustrations)
— Discussion
— Personal acknowledgments
— References (each line double-spaced)

— Permission to reproduce previously published mate-
rial and patient releases to publish photographs

J Lab Clin Med
Page 6A December 2005



L
h
i
p

b
m
f
i
a
a

J
t
o
s
k
l
m
c

t
t
b
E
e

h

J

0

©

d

Copyright © 2005 by Mosby, Inc.

VOLUME 146 NUMBER 6DECEMBER 2005

THIS MONTH IN J Lab Clin Med
Issue Highlights for December 2005
eukemia transcription factors and
eme oxygenase: An interface between

nflammatory and malignant cell
roliferation?

As techniques for studying gene expression have been developed (and especially as they have
ecome less cumbersome), much has been learned about the regulation of cell proliferation, cell
aturation and cell death. Satisfyingly, somatic mutations in some of the regulatory genes have been

ound in many tumors, and germ–line mutations in some of them endow the carrier with an
ncreased risk of malignancy. Might some of the tumor–associated regulatory genes also be
ssociated with disorders in which there is a proliferative “inflammatory” response? A paper
ddressing such an association appears on page 326 of the current issue of the Journal.

Dr. Prasad D.K. Dhulipala and colleagues from the University of Medicine and Dentistry of New
ersey explored the possible role of Ets transcription factors—known to be important in the
ransformation of cells infected with the E26 avian leukemia virus—in the regulation of heme
xygenase expression in mesangial cells. Heme oxygenase 1 is cytoprotective in a variety of
ystems, is increased in response to any of a number of stresses, and is increased in glomeruli in
idney disease of several sorts. In the past five years, at least two reports have described upregu-
ation of the heme oxygenase 1 gene by Ets transcription factors. Although those findings were not
ade in mammalian kidney cells, they nonetheless raise the question whether there might be

rosstalk between cytoprotective and proliferative responses.
Using rat mesangial cells as their target, the authors assessed the effect of Ets oncoproteins on

ransactivation of the proximal promoter for the rat heme oxygenase 1 gene (hmox–1). They found
hat the proximal promoter region contains positive and negative regulatory regions, and that the Ets
inding sites EBS–2, 3 and 4 were important in basal promoter activity. Overexpression of Fli–1 and
rg–2 proteins was associated with an increased promoter activity, but Ets–1 didn’t have a clear
ffect on promoter activity. Mutation of binding sites altered Erg–2 effects, but not those of Fli–1.

The authors conclude that a role for Ets transcription factors is likely in the regulation of rat
mox–1 gene expression in mesangial cells.

Lab Clin Med 2005;146:309–11.
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RP and the sick liver
A practical concern in the use of CRP as a marker for cardiovascular disease is that its level may

e influenced by intercurrent illness. A moderate elevation of CRP in the face of an infection, for
xample, does not carry the same prognostic importance as would the same level observed in a
atient without identifiable inflammation and at basal state. Less well studied is the other end of the
pectrum: Are there patients who are impaired in their ability to make CRP, such that a low level
ould be falsely reassuring? Because a major source of CRP is the liver, it would be instructive to

ook at CRP levels in patients whose liver protein synthetic function was impaired, and see whether
hey also had lower CRP levels than expected.

Dr. D. Peres Bota et alii, from the Free University of Brussels, assessed the predictive value of
RP and procalcitonin (PCT) in patients with hepatic cirrhosis in a hospital intensive care unit. 9%
f 864 patients surveyed had hepatic cirrhosis. Cirrhotic patients had a higher rate of infection (48
s. 30%) and a higher mortality (44 vs. 17%) than did non–cirrhotic patients. The levels of CRP and
CT were not systematically lower in cirrhotic patients with more severe liver disease (Child–Pugh
core). The serum CRP and PCT concentrations were slightly lower in infected patients with
irrhosis than infected patients without cirrhosis, but the differences did not reach statistical
ignificance. Moreover, the predictive power of CRP and PCT for infection was similar for cirrhotic
nd non–cirrhotic patients.

Thus, although the liver is considered the main source of CRP and a source of PCT, serum levels
f these acute phase proteins are not consistently lower in cirrhotic patients than in other patients.
bviously, these findings are hard to extrapolate to considerations of cardiac risk; patients who have

irrhosis have many other metabolic perturbations, and may well not live long enough for moderate
ifference in atherogenic rate to be very important.
This paper may be found on page 347.

ranslational Medicine Review: The quest
or gene transfer therapy
The Journal has long been a home for papers in translational medicine, and we have recently

egun to make it a primary focus of our attention. One of the areas of greatest interest in translational
edicine in the last fifteen years has been gene transfer—having identified quite a number of

iseases as being the result of a single gene defect (mutation or absence), it’s intuitively attractive
o try to replace the defective gene with a healthy one, and try thereby to fix the patient.

Like many straightforward ideas, this one is not at all straightforward in its execution. For starters,
ne has to identify the defective gene and clone its normally functional counterpart. That normal
ene must then be able to be manufactured in useful quantity in a form that retains function, and it
ust be delivered to the cells that need it. Once in the cells, it may need to be regulated, and life
ould be simpler if it could itself be replicated and passed on to daughter cells.
None of these individual steps has proved simple, and the literature documents many stories of

on–functional clones, ineffective transfection and the like. There have been a few tragedies,
ncluding the death of one young subject due to hepatic failure shortly after the transfer attempt.
ecause the work is enormously expensive, the financial stakes are high and concerns have arisen
bout conflicts of interest in some of the studies.

Even the one grand success has its darker side. In one form of severe combined immunodefi-
iency, the faulty gene encodes part of a growth factor receptor. That creates an opportunity, in that
ne may not have to get the gene into very many cells, at all. Those that receive and can use the gene
ecome more responsive to growth factors and gain a selective advantage; a potentially curative
umber of cells can result from transfection of only a few. Unfortunately, the sites into which the
ene could insert included some that were closely ’upstream’ from important oncogenes; if these
ncogenes were also activated, the proliferative advantage may come at the price of loss of
roliferative regulation or loss of apoptotic responsiveness. A few children who enjoyed immuno-
ogic reconstitution via gene transfer also developed lymphoid leukemia (it’s too early to know how

hose children will do in the long term; they have been successfully treated to remission).
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Where are we in the struggle to bring our recent genetic knowledge to our patients? What are the
rospects for overcoming the difficulties that are still there? Dr. James Marcum addresses these
ssues in their historical context in a review article this month (see page 312).

eparin–induced thrombocytopenia:
aking the serologic diagnosis

Heparin–induced thrombocytopenia is a reasonably common clinical problem, especially in
atients who have been exposed to the drug multiple times over their lives. The syndrome is caused
y IgG antibodies that recognize Heparin/PF–4 complexes. It’s often a difficult clinical problem to
iagnose, because the very patients most likely to get heparin–associated thrombocytopenia are
ikely to have thrombocytopenia for other reasons. The water is further muddied by the fact that
eparin increases the reactivity of platelets a bit, such that a modest drop in platelet count may be

pharmacologic rather than immunologic event. Often, a clinical decision about modifying
nticoagulant strategy must be made before any confirmatory tests will be available. Finally (or
erhaps not), different case definitions and different patient populations may yield different
stimates of the sensitivity and specificity of the various assays used in diagnosis.

Dr. Theodore Warkentin and his co–workers from McMaster University (Hamilton, Ontario)
ave long had an interest in this syndrome; by virtue of conducting and participating in many
tudies, they have access to stored samples from a large number of patients who have a solid clinical
iagnosis of HIT or who had that diagnosis excluded with reasonable certainty. They used that
esource to address the question whether the immunoglobulin classes detected by an assay had
mplications for clinical assay performance. Commercial enzyme–immunoassays for HIT detect IgA
nd IgM, as well as IgG—does that help, or does that lead to false positives? The investigators
ompared the sensitivity and specificity of EIAs that detect the three major immunoglobulin classes
ndividually with those of a commercial EIA (EIA-GTI); they also studied an assay that used platelet
ctivation (serotonin release) rather than immunogloblin detection as the endpoint.

They found that the serotonin-release assay, the IgG-specific EIA and the commercial EIA were
ll quite sensitive, each detecting all of the 14 unambiguous HIT samples included in the study.
owever, diagnostic specificity varied considerably: The serotonion release assay was � 95%

pecific; the IgG-specific EIA was �90% specific; the commercial EIA was �80% specific. Thus,
he additional detection of IgA and IgM antibodies by the commercial assay worsened test
pecificity by detecting numerous non-pathogenic antibodies. The authors concluded that an
gG-specific assay was a better clinical test than was one that detected all three major classes of
ntibodies.

This paper appears on page 341.
For the Editors

Dale E. Hammerschmidt, MD
Editor-in-Chief
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EVIEW ARTICLE
rom the molecular genetics revolution to gene
herapy: Translating basic research into medicine
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he translation of basic science into medical prac-
tice is recognized as an important means by
which advances in therapeutic modalities are

ade.1 Of course, the translation of science into med-
cine was especially prominent in the 20th century. For
xample, the discovery of heparin at the Johns Hopkins
edical School paved the way for open heart surgery

nd renal dialysis.2 The heparin example also illustrates
hat the road from discovery at the laboratory bench to
pplication at the clinical bedside is often a long and
rduous one. The discovery of heparin in the early 20th
entury was not successfully applied to medical prac-
ice until the middle of the century and is still under-
oing development today in terms of low-molecular-
eight heparin. Another important example of

ranslational medicine is the conversion of the molec-
lar genetics revolution of the 1970s, in terms of re-
ombinant DNA techniques, into gene therapy of the
980s and 1990s.

HE EARLY DEVELOPMENT OF GENE THERAPY

The idea for gene therapy predates the molecular
enetics revolution, beginning with a study published
uring the Second World War by Oswald Avery et al.3

hey demonstrated that transferring genomic DNA
rom 1 strain of pneumococcus to another transformed
he recipient’s phenotype into that of the donor’s. Suc-
essful transference of genomic DNA into a mamma-
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ian host cell, however, did not occur until almost 2
ecades later. In 1962, Elizabeth Szybalska and Wadaw
zybalski transformed mammalian cells with foreign
enomic DNA, which was one of the first studies to
emonstrate that mammalian cells could incorporate
nd express foreign DNA.4 Besides the transformation
f mammalian cells, they also provided a selection
ystem composed of HAT medium.5 By the end of the
ecade, transformation of mammalian cells was also
ccomplished using viruses. For example, researchers
rom the Salk Institute used SV40, which integrates a
NA provirus into the host’s genome, to transform

ells.6

The success of the cell transformation studies, espe-
ially with viruses, suggested that genetic engineering
ight provide a novel means for treating genetic dis-

ases, by substituting a normal copy of a gene for a
efective one. For example, Edward Tatum, in a paper
elivered at a symposium held at Columbia’s College
f Physicians in 1966, claimed that “it can be antici-
ated that viruses will be effectively used for man’s
enefit, in theoretical studies in somatic-cell genetics
nd possibly in genetic therapy.”7 Others followed suit.
or example, French Anderson in a paper presented a
ew years later at a Kennedy Foundation Symposium
peculated that nonpathogenic viruses could transfer a
ormal gene to patients with a defective copy of the
ene. But not everyone was so optimistic about gene
herapy. MacFarlane Burnet, for instance, claimed that
he chance of gene therapy succeeding “will remain
nfinitely small to the last syllable of recorded time.”8

In May 1971, the Fogarty International Center for
dvanced Study in the Health Sciences, along with the
ational Institute of Neurological Diseases and Stroke,

ponsored a conference at which scientists and clini-
ians discussed the potential of gene therapy. The par-
icipants voiced the following caution in their report:
When sufficient knowledge has accumulated, gene

herapy should be first attempted in animals and should
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e performed on humans only after a sufficient body of
nimal results has accumulated and if the benefit clearly
utweighs the potential and unknown risks.”9 Although
his caution was generally heeded, clinicians were anx-
ous to use gene therapy to treat patients.

The first attempt at human gene therapy occurred in
he early 1970s. Stanfield Rogers, a participant at the
ogarty conference, and colleagues from the Oak Ridge
ational Laboratory in Tennessee injected wild-type
hope rabbit papilloma virus into 2 German sisters
uffering from hyperargininaemia or increased arginine
lood levels.10 Rogers et al learned of the sisters from
oshua Lederberg, who read about them in a Lancet
rticle. Earlier, Rogers demonstrated that animals in-
ected with Shope virus had reduced arginine blood
evels. Theodore Friedman and Richard Roblin criti-
ized Rogers for prematurely treating the sisters, to
hich Rogers responded that “when one has a patient
ith a progressively deteriorating disease that is known
ot to respond to dietary or other known measures, and
ne has a possible means of stopping the progression of
he disease with an agent that has been extensively
nvestigated for 40 years, there appears to be little
lternative other than to try.”11 Unfortunately, the pro-
edure did not result in a reduction of the sisters’
rginine blood levels.
Although there were ethical problems with gene ther-

py, there were equally obstinate technical problems
hat required resolution. Specifically, there was no
eans by which to obtain specific functional genes and

here was no efficient means by which to deliver them
o a defective cell. Rogers et al’s attempt demonstrated
hat a specific and well-characterized gene needs to be
elivered to a patient for any chance of therapeutic
uccess. Over the next decade, the molecular genetics
evolution provided the technology to make gene ther-
py a reality.

HE MOLECULAR GENETICS REVOLUTION

The molecular genetics revolution began in the early
950s, with the discovery of DNA’s structure by James
atson and Francis Crick.12 DNA’s structure sug-

ested a means by which the macromolecule could
eplicate itself. The mechanism involved in DNA’s
eplication was then worked out in the 1960s, begin-
ing with the discovery of DNA polymerase by Arthur
ornberg et al. The code by which the DNA’s nucle-
tide sequence is translated into a protein was next
etermined by Marshall Nirenberg and Har Gobind
horona and their colleagues. But it was not until the
iscovery of reverse-transcriptase and sequence-spe-
ific bacterial restriction endonucleases in the late
960s to early 1970s that gene therapy would become

ossible. The discovery of these enzymes supplied 2 a
ssential tools for gene therapy techniques: synthesis of
pecific genes and efficient means for packaging those
enes into viral vectors.
In 1969, Howard Temin and Satoshi Mizutani found

hat protein synthesis was not required for Rous sar-
oma virus infection of eukaryotic cells.13 The impli-
ation was that an enzyme responsible for reverse tran-
cription of the RNA genome was present in the virus.
n December 1969, they isolated directly from the virus
DNA polymerase that uses single-stranded RNA as a

emplate. In the June 27, 1970 issue of Nature, Temin
nd Mizutani reported their discovery, which was ac-
ompanied by a separate report from David Baltimore
t the Massachusetts Institute of Technology. Temin
nd Mizutani named the enzyme RNA-dependent DNA
olymerase, which was later dubbed reverse transcrip-
ase. The enzyme is the backbone of the recombinant
NA technology, by which genes are synthesized from
essenger RNA.
In the late 1960s, 2 research groups reported on a

lass of enzymes in Escherichia coli that cut DNA.14

he discovery was quickly followed by Hamilton
mith et al’s purification of restriction enzymes that
ecognizes specific nucleotide sequences. These en-
ymes permitted molecular biologists to insert recom-
inant DNA sequences into viral vectors, thereby al-
owing genes to be transferred to an organism. Herbert
oyer and Stanley Cohen first conducted recombinant
NA cloning in 1973 by inserting a recombinant gene

nto a plasmid and by infecting bacteria with the engi-
eered plasmid.15 Finally, with the development of
etroviral vectors, along with other viral vectors, gene
herapy was possible in theory.16,17

By the conclusion of the molecular genetics revolu-
ion at the end of the 1970s, molecular biologists inau-
urated a period of fruitful research, which had an
mmediate impact on the biological sciences. Indeed,
he revolution is being applied today to problems rang-
ng from evolution and taxonomy to gene therapy. Its
otential seems to have no limits. As Nirenberg writes,
the revolution in molecular genetics has created tre-
endous opportunities to do research that surely will

ead to fundamental advances in knowledge of normal
nd pathological processes.”18 But there was still much
o work out in terms of adopting the revolution to gene
herapy.

HE CLINE AFFAIR AND ITS AFTERMATH

In 1980, Martin Cline, head of hematology at UCLA,
ave to thalassaemia patients in Italy and Israel infu-
ions of autologous bone marrow cells that had been
ransformed with a plasmid containing a recombinant
uman �-globulin gene.19 Critics claimed that Cline

cted prematurely, because earlier animal studies gave
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egative results. Although the patients suffered no
arm, Cline was disciplined by his home institution and
y the NIH for breaching established guidelines. The
ssue at the time was when to translate animal experi-
ents into human clinical trials. Cline argued that it
as a matter of clinical judgment and not of scientific

udgment. Anderson and Joseph Fletcher also ad-
ressed this issue in an influential paper.20 They pro-
osed 3 criteria for initiating human gene therapy trials:
n effective delivery system for the gene, sufficient
ene expression within the host organism, and the
afety of the procedures.

Part of the response to the Cline affair was a meeting
eld in February 1982 at the Banbury Center of the
old Spring Harbor Laboratory in New York. The
urpose of the meeting was not to debate the ethical
ssues of gene therapy, but according to Paul Berg, “to
xamine the problems of human genetic disease in the
ight of current molecular biological knowledge and
echnology and to make some assessment of whether
he prospects of gene therapy are myth or reality.”21

lthough no consensus emerged from the meeting,
altimore claimed that the potential of gene therapy
as too promising not to continue research. But the

ssue for many participants was the development of
dequate animal models to determine the feasibility and
afety of gene therapy.

In the early 1980s, gene therapy was conducted with
ufficient success in 2 animal studies to encourage
ontinued application to humans. In the first study,
-elements—transposable genetic elements or trans-
osons—transfered the normal gene for xanthine dehy-
rogenase, which is responsible for wild-type eye color
n fruit flies, to embryos containing the defective
ene.22 Wild-type eye color was restored. In a second
tudy, retroviruses transfered the normal gene for
rowth factor to dwarf mice of the little strain, which
imics human pituitary dwarfism.23 Although murine

warfism was corrected, the hormone blood titer was
igh and the mice grew to a size 50% greater than
ormal. The problem was that the recombinant gene
as not regulated in a normal fashion.
The relative success of these attempts at gene ther-

py, however, prompted Anderson to revaluate the cri-
eria he and Fletcher proposed earlier for initiating
uman gene therapy. After discussing current advances
n molecular genetics, he concluded: “Once these cri-
eria are met, I believe that it would be unethical to
elay human trials.”24 For gene delivery, the develop-
ent of retroviral vectors represented a significant ad-

ance over previous means for introducing genes into
n organism. However, the level of gene expression
as problematic. Although expression was sufficiently
obust in engineered cells, at the level of the organism, m
t was insufficient to cure any disease. Furthermore, the
afety of retroviruses remained an issue, especially with
he possible production of cancer in the host. As the
980s came to a close, gene expression became signif-
cantly greater in animal models and no tumors were
bserved in organisms treated with engineered retrovi-
uses.25

ENE THERAPY BEGINS TO COME OF AGE

During the 1990s, gene therapy became a recognized
rofessional specialty, with the founding of journals
nd societies. For example, the first professional jour-
al, Human Gene Therapy, was published in 1990
nder Anderson’s editorship. Today there are around a
alf-dozen journals devoted to gene therapy. A few
ears later, a group of European scientists took the first
teps toward founding the European Society of Gene
herapy. Its first international meeting was held in
993 in Baveno-Stresa. Today its membership is over
00. In 1996, the American Society for Gene Therapy
as founded, with its first annual meeting held in
eattle a few years later. Since then the society has
rown to 3000 members. Other countries have also
ounded societies for promoting gene therapy.

During the second half of the 1980s, Anderson and
ther researchers succeeded in inserting a gene for
denosine deaminase (ADA) into T cells from patients
uffering from severe combined immunodeficiency dis-
ase (SCID), which is commonly known as the “bub-
le-baby” syndrome. The engineered cells expressed
dequate levels of enzyme activity to encourage an-
ther go at gene therapy. In September 1990, Anderson
t al at the NIH conducted the first RAC-approved
uman gene therapy trial, on a young girl suffering
rom ADA-SCID.26 A second girl was treated 4 months
ater. Although the procedure did not fully cure the
irls, it did significantly reduce the amount of the drug
olyethylene glycol (PEG)-ADA needed to treat them.
As the 1990s progressed, investigators received RAC

pproval for gene therapy protocols and conducted
dditional studies using animal models to determine the
fficacy of gene therapy for human diseases. By the
id-1990s, gene therapy clinical trials included pa-

ients suffering from over a dozen genetic diseases such
s cancer, cystic fibrosis, familial hypercholerolemia,
emophilia, and rheumatoid arthritis. However, toward
he end of the decade, the first deaths directly from gene
herapy were reported.

One of the first cases was a person suffering from
rain cancer who died a few days after receiving an
ntivirus drug to attack the brain tumor treated earlier
ith a genetically engineered virus.27 In a highly pub-

icized case a few years later in 1999, an 18-year-old

an with a defective gene for ornithine transcarboxy-
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ase, an enzyme involved in ammonia catabolism, was
iven an adenovirus containing the normal gene as part
f phase 1 trials. The teenager died several days later,
pparently from a severe allergic reaction to the vector
hat led to the failure of multiple organs.28,29 Although
he deaths were tragic and had repercussions for gene
herapy trials, the impetus for conducting further trials
as not diminished.
At the end of the millennium, Alain Fischer and
arina Cavazzana-Calvo, along with colleagues,

rom the Necker Hospital in Paris treated 2 baby
oys for X-linked SCID.30 The disease is caused by
defective gene for the �-chain of the interleukin-2

eceptor involved in the maturation of T cells and
atural killer cells. Importantly, X-linked SCID rep-
esented an attractive disease for gene therapy be-
ause the bone marrow cells receiving the normal
ene would have a growth advantage over those cells
ith the defective gene. The team infused engineered

utologous bone marrow cells containing the normal
ene into the 2 baby boys, and within the year, their
mmunological systems were normal. The team then
ent on to treat almost a dozen baby boys with the
rocedure, with most being cured. However, in 2002,
boys developed a rare form of leukemia. Exami-

ation of their genomes revealed that the retrovirus
ad inserted into a gene, LMO-2, known to be asso-
iated with childhood leukemia. In early 2005, the
rench team reported yet another boy from its study
eveloped cancer. In reaction several months later,
he U.S. Food and Drug Administration suspended
everal gene therapy trials.31

ONCLUSION

The road from the laboratory to the bedside is
eldom straight. As the gene therapy story demon-
trates, that road is often filled with bumps and turns
hat at times delay progress rather than promote it:
gene therapy, like every other new major technol-
gy, takes time to develop.”32 The current problems
ith gene therapy should not, however, hinder its

ontinuing advancement; for the history of transla-
ion from laboratory bench to clinical bedside reveals
hat the path is never without problems. Unfortu-
ately, the retelling of stories of earlier successes at
ranslating science into medicine often ignores or
losses over initial struggles and failures.
Of course, problems associated with translational
edicine, especially with gene therapy, do not war-

ant a license for scientists and clinicians to do what
hey want without regulation. Indeed, as setbacks in
ene therapy studies occur, “the responsible federal
gencies are working to develop ever improving

echanisms to assist investigators to carry out stud-
es that ensure quality research and safety for pa-
ients and research subjects.”33 Spurred by the latest
etbacks with X-linked SCID, for example, Fried-
ann claims: “The daunting challenge is to satisfy

he need to translate new basic knowledge as quickly
s possible into therapy in ways that are scientifically
ustifiable, ethically supportable, and that protect and
nhance the lives of treated research subjects.”34

opefully, the first several decades of the new mil-
ennium will bring further success to meeting these
hallenges for the application of gene therapy to
uman genetic diseases.
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nfluence of hypoalbuminemia or hyperalbuminemia
n the serum anion gap

ARK FELDMAN, NILAM SONI, and BEVERLY DICKSON

ALLAS, TEXAS

Background: Conflicting data exist as to what extent hypoalbuminemia reduces the
anion gap; estimates range from 1.5 to 2.5 mM per g/dL decrease in serum albumin.
Methods: We measured serum albumin, total protein, and electrolyte concentra-
tions in 5328 consecutive patients aged 1 month to 102 years. Most patients (3750;
70%) had a normal albumin, but 1158 had hypoalbuminemia (<3.4 g/dL); 420 had
hyperalbuminemia (>4.7 g/dL). Relationships between serum albumin or total pro-
tein and the anion gap were analyzed by linear regression. Results: 309 (27%)
hypoalbuminemic patients had a decreased anion gap, and 257 hyperalbumin-
emic patients (61%) had an increased anion gap. Among the entire group of 5328
patients, there were highly significant correlations between either serum albumin or
total protein and the anion gap (P < 0.001). The slope of the regression for albumin
versus anion gap was 2.3 mM per g/dL. Using this slope, anion gap could be
adjusted for abnormal serum albumin levels: anion gapadjusted �anion gap � 2.3
(4-albumin). The initial assessment of an anion gap as being increased, normal, or
decreased changed in 44% of the patients with hypo- or hyperalbuminemia once
anion gap had been adjusted with this formula. Conclusions: Before considering
whether a disorder associated with an increased or decreased anion gap is
present, the anion gap should be first adjusted for abnormal serum albumin con-
centrations. Our data suggest that physicians use 2.3 times the change in serum
albumin, whereas those of Figge et al suggest 2.5; either approach gives similar
results. (J Lab Clin Med 2005;146:317–20)
Abbreviations: AG � anion gap; ICU � intensive care unit; KAG � K-included anion gap
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t physiological pH, serum proteins are nega-
tively charged,1 and albumin is the most impor-
tant of these “unmeasured” anionic proteins.

or this reason, disorders associated with hypoalbumine-
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ia are sometimes associated with a decreased AG.1–4 By
he same mechanism, patients with hyperalbuminemia
ould be expected to have an increased AG, although

uch patients have not been reported.
There is conflicting information on how to adjust the
G when abnormal serum albumin concentrations are
resent.2,4 Figge et al2 studied 265 arterial blood samples
rom 152 patients who had been admitted to an ICU in the
zech Republic, almost all of whom had hypoalbumine-
ia. The effect of the serum albumin level on the

egative charge in plasma was calculated with a complex,
omputer-assisted model.2,5 They calculated that for
ach gram/deciliter decrease in serum albumin, the AG

hould decrease by 2.5 mM. However, in a study of 432
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CU patients in the United States, 75% of whom had
ypoalbuminemia, Carvounis and Feinfeld4 found a
oor correlation between serum albumin and the AG.
nly when their cohort was divided into patients with

erum HCO3 levels �22 mM and patients with serum
CO3 �22 mM could the authors find very modest but

tatistically significant correlations between the serum
lbumin and the AG. In the former group, the AG was
stimated to decrease 1.5 mM per g/dL, whereas in the
atter (low-bicarbonate) group, it was estimated to de-
rease 1.9 mM per g/dL. Thus, there is confusion as to
hat correction factor clinicians or laboratories should
se in patients with low serum albumins: 2.5, 1.9, or 1.5
M per g/dL.
In this study, we analyzed several thousand serum sam-

les obtained from patients in a wide variety of clinical
ettings for albumin, total protein, and electrolyte concen-
rations. Using linear regression, we examined to what
xtent, if at all, the AG changes when there are alterations
n serum albumin or total protein concentration. Because

relationship between AG and serum proteins should
heoretically be present even within the normal range of
hese parameters, we also examined a subset of more than
500 patients with normal serum albumin, total protein,
nd electrolyte levels. In an attempt to confirm or refute
he findings of Carvounis and Feinfeld,4 we likewise an-
lyzed albumin/AG relationships in patients with serum
CO3 concentrations �22 mM and those with bicarbon-

te levels �22 mM.

ETHODS

This study conformed to ethical guidelines for human re-
earch. Serum samples from 5328 consecutive patients were sent
o our hospital’s laboratory for a comprehensive metabolic panel
CPT 80053). Patients ranged in age from 1 month to 102 years
median, 53 years); 3491 were female and 1837 were male. Most
f these samples were obtained from patients observed in our
mergency room (68%) or from patients on the medical/surgical
oors including obstetrics and gynecology (18%); the remaining
amples were obtained in the outpatient clinics (11%), the adult
ntensive care units (2%), and miscellaneous areas (1%). We
easured serum albumin, total protein, Na, K, Cl, and HCO3

Vitros 950 auto-analyzer, Ortho Clinical Diagnostics, Roches-
er, NY). In 1 of the 5328 samples, the Cl result was below the
nstrument’s lower limit of detection (70 mM); we arbitrarily
ssigned this sample a value of 69 mM. In 3 samples, the HCO3

as below the lower limit of detection (10 mM); we arbitrarily
ssigned these 3 samples a value of 9 mM. In each patient, AG
[Na] – [Cl � HCO3]) and KAG ([Na � K] – [Cl � HCO3])
ere calculated.
Data were imported into a spreadsheet (Microsoft Excel

002, Microsoft Corporation, Redmond, Wash). Mean, stan-
ard deviation of the mean, median, and range were calcu-
ated for each analyte (Table I). Linear regression analyses
ere performed to determine correlation coefficients and
lopes for relationships between serum albumin or total pro- 2
ein (y-axis) and the AG or KAG (x-axis). Separate regression
nalyses were performed in the patients with serum HCO3

22 mM and the patients with serum HCO3 �22 mM. We
lso performed a linear regression analysis in a subgroup of
568 patients of either gender in whom all 6 analytes fell
ithin our laboratory’s reference range. This subgroup also

stablished upper and lower limits of normal for serum albu-
in and for anion gap, which allowed us to compare them
ith a group of patients with hypoalbuminemia and a group
ith hyperalbuminemia.
Differences in mean results in either hypo- or hyperalbu-
inemic patients, as compared with the remainder of the

atients with normal serum albumin levels or as compared
ith the control group with normal analytes, were tested for

ignificance by group t-tests. Two-tailed probability (P) val-
es for t-statistics and for correlation coefficients that were
ess than 0.05 were considered significant; those less than
.001 were considered highly significant.6

ESULTS

Group data. Table I lists serum concentrations of the
analytes for the study group (n � 5328). AG and
AG calculations are also shown. The range of values
as large. For example, serum albumin concentrations
aried 14-fold, from 0.5 to 7.0 g/dL. Among the 1563
atients whose entire set of laboratory values was
ithin our laboratory’s reference range, the serum al-
umin averaged 4.1 � 0.3 g/dL, and their AG averaged
0.7 � 1.6 mM. The upper and lower limits of normal
or serum albumin (4.6 and 3.5 g/dL, respectively) and
G (13 and 8 mM, respectively) were calculated from

he results in these 1563 persons with the mean �1.96
tandard deviation of the mean. It allowed us to estab-
ish ranges for comparisons with patients with abnor-
ally low or high serum albumin levels (see below).
Correlations. There was a moderately strong (r �

.48) and highly significant correlation between serum
lbumin and AG or KAG (P � 0.001). The slopes of
he lines relating albumin to AG (or KAG) were each

able I. Serum analytes and anion gaps in 5328
atients

Range
Mean � SD
(median)

lbumin 0.5–7.0 g/dL 3.9 � 0.6 (3.9)
otal protein 2.6–12.0 g/dL 7.1 � 0.8 (7.2)
a 107–174 mM 141 � 4 (142)
l 69–136 mM 105 � 5 (105)
CO3 9–52 mM 25 � 3 (25)

2.1–7.2 mM 4.1 � 0.5 (4.0)
G �1–33 mM 11.3 � 3.1 (11)
AG 3.2–38.9 mM 15.4 � 3.1 (15.2)

G � [[Na] � [Cl�HCO3]]; KAG � [[Na � K] � [Cl � HCO3]].
.3 mM per g/dL. There was also a moderately strong
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r � 0.49) and highly significant correlation between
otal serum protein and AG (or KAG). Thus, linear
egression analysis of total protein (albumin plus glob-
lin) versus AG (or KAG) only slightly improved on
he correlation as compared with serum albumin alone
Table II). When male and female cohorts were ana-
yzed separately, relationships between serum albumin
or total protein) and anion gap were virtually identical
data not shown).

Subgroups. Patients with a serum bicarbonate �22
M (n � 4684) or with a bicarbonate �22 mM (n �

44) had nearly identical albumin/AG relationships; r
alues ranged from 0.46 to 0.50 (P � 0.001), and
lopes ranged from 2.3 to 2.4 mM per g/dL.

Relationships between serum albumin or total protein
ith AG in the 1563 patients with normal laboratory
alues remained highly significant (P � 0.001), even
hough correlation coefficients in this normal subgroup,
hich ranged from 0.31 to 0.34, were not as high as

orrelations for the entire group of 5328 patients (nor-
al and abnormal patients combined; see Table II).
Adjustment of AG for serum albumin fluctuations. From

he slope of the linear regression equations (Table II),
he AG could be adjusted for a low or high serum
lbumin (in grams/deciliter) by the formula:

AGadjusted � AG � 2.3�4 � �albumin��.

Mean AG was directly related to serum albumin
ubgroup; hypoalbuminemia, normal serum albumin,
r hyperalbuminemia (Table III). However, when AG
or KAG) was adjusted for changes in serum albumin
ith this formula, differences in mean AG (or KAG)

mong these groups virtually disappeared.
Table IV shows a breakdown of the 1158 hypoalbu-
inemic and 420 hyperalbuminemic patients with re-

ard to whether their calculated AGs were assessed to
e decreased, normal, or increased (as compared with
ur normal control group) before and after adjustment

able II. Correlation coefficients and slopes of
inear regressions between serum albumin or total
rotein and the serum AG in all patients, men
nd women

Correlation
Coefficient*

Slope of
Regression†

lbumin vs. AG 0.48 2.3
otal protein vs. AG 0.49 1.8

G � anion gap.
All correlation coefficients were highly significant (P � 0.001).
Slope in mM per grams/deciliter.
or their serum albumin level. g
ISCUSSION

The sum of the positive and negative charges in
lasma must be equal,1,2 and their difference must
herefore equal zero:

��Na�� � �K�� � 2�Ca2�� � 2�Mg2�� � �H���
� ��Cl�� � �HCO3

�� � 2�CO3
2�� � �OH��

� �Albumin� � �UA�� � 0

In this equation, UA represents negative charges
ontributed by “unmeasured” anions such as phosphate,
ulfate, lactate, and acetoacetate.

Because the concentrations of H�, OH�, and CO3
2�

re negligible at the range of pH values encountered in
lasma,2 and AG � Na� � (Cl� � HCO3

�), this
ormula can be simplified as AG� ([Albumin] � [UA])

([K�] � 2[Ca2�] � 2[Mg2�]).
In our study of 5328 patients, and in our substudy of
ore than 1500 patients with normal analytes, the AG

mean or median) was close to 11 mM. It indicates that the
um of the negative charges contributed by albumin and
ther “unmeasured” anions (UA) exceeded by approxi-
ately 11 mM the sum of the positive charges contributed

y potassium, calcium, and magnesium cations (and by
round 15 mM if K was included in the AG calculation).
ven though the normal plasma albumin concentration is
nly 0.6 mM, albumin at physiological blood pH carries
any negative charges.1 (Human serum albumin is a

ingle polypeptide chain of 584 amino acids stabilized by
7 disulfide bridges with a molecular weight of 67,500
a. Thus, a serum albumin concentration of 40 g/L

40,000 mg/L) is close to 0.6 mM.) In fact, the bulk of the
G is from the negative charges carried by albumin.7

Two previous studies of the relationship between serum
lbumin concentration and the AG were performed pre-
ominately in ICU patients, most of whom had hypoalbu-
inemia.2,4 The studies employed different methodolo-

able III. Mean (�SD) serum AG or KAG in
atients with hypoalbuminemia, normal serum
lbumin levels, and hyperalbuminemia

Patient subgroup AG (mM) KAG (mM)

ypoalbuminemia* (n � 1158) 9.6 � 3.4§ 13.6 � 3.5§

ormal albumin† (n � 3750) 11.5 � 2.6 15.5 � 2.6
yperalbuminemia‡ (n � 420) 14.7 � 3.4§ 18.8 � 3.4§

Serum albumin �3.4 g/dL (see text); mean (�SD) albumin, 2.9 �
.4 g/dL.
Serum albumin 3.5–4.6 g/dL (see text); mean (�SD) albumin, 4.1

0.3 g/dL.
Serum albumin �4.7 g/dL (see text); mean (�SD) albumin, 4.9 �
.2 g/dL.
P � 0.001 vs. patients with normal albumin (n � 3750) or versus
roup with normal laboratory values.
ies and came to somewhat different conclusions
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egarding the adjustment necessary for hypoalbuminemia,
roposing adjustment factors ranging from 1.5 to 2.5 mM
er g/dL.2,4 Our regression data obtained from a relatively
arge database support an adjustment factor of 2.3 mM per
/dL decrease (or increase) in serum albumin. Thus, our
tudy is in close agreement with the study of Figge et al2

ut in disagreement with the work of Carvounis and
einfeld.4 We also found no evidence to support a sug-
estion by Carvounis and Feinfeld 4 that the albumin
djustment factor varies as a function of serum bicarbon-
te concentration. Our finding that the correlation between
erum albumin and AG was moderate (r � 0.5) empha-
izes that other “unmeasured” anions and cations and their
egree of pH-dependent ionization are also important con-
ributors to the serum AG.

Because hypoalbuminemia tends to lower the AG, other
nions such as lactate or acetoacetate can accumulate in
he circulation of a hypoalbuminemic patient without re-
ulting in an increased serum AG. This scenario is espe-
ially likely in ICU patients.2,4,8,9 In our study, almost half
f the hypoalbuminemic patients with a normal AG actu-
lly had, after adjustment for their low serum albumin, an
ncreased AG (Table IV).

Recently, Hassan et al3 reported a significantly lower
erum AG in 144 patients with liver cirrhosis (average
erum albumin, 3.4 g/dL) than in 286 consecutive hospi-
alized controls with serum creatinine levels � 2 mg/dL
average serum albumin, 4.0 g/dL).3 AG in cirrhotics
veraged 5.8 mM and 7.0 mM in controls (P � 0.005). If
ur 2.3-mM per g/dL adjustment factor is applied to their
ean data, the adjusted anion gap in the cirrhotics would

e 7.2 mM, and if Figge et al’s factor of 2.5 is applied, the
djusted AG would be 7.3 mM, which is nearly identical
o the AG of 7.0 in their hospitalized controls.

Our study differs from previous studies in that a large
roup of patients with hyperalbuminemia was also avail-

able IV. Classification of serum AG as decreased,
r hyperalbuminemia, unadjusted and after being

Subgroup AG (Unadju

ypoalbuminemia (n � 1158) Decreased

Normal

Increased
yperalbuminemia (n � 420) Decreased

Normal

Increased

AG of �14 mM was considered increased, and AG of �7 mM w
Adjustment was made with: AGadjusted � [[Na] � [Cl � HCO3]] �
ble for analysis. It is noteworthy that nearly 2 in 3
yperalbuminemic patients had an increased serum AG
ompared with normal controls. When AG was adjusted
or the elevated albumin level, however, half of these
ncreased-AG patients in fact had a normal AG (Table
V).

Before considering whether a disorder associated with
n increased or decreased anion gap is present, the serum
nion gap should first be adjusted for low or high serum
lbumin concentrations, even if the initial anion gap is
ormal. Because abnormal serum albumin concentrations
re so common in clinical practice, clinical laboratories
hould consider reporting the anion gap adjusted for se-
um albumin.

The authors thank Drs. James P. Knochel (Dallas, TX) and Robert
afirstein (Little Rock, AK) for their many useful suggestions.
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(61.2%) Now normal 129 (30.7%)
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etection of RhDel in RhD-negative persons in
linical laboratory

A-HUI WANG, JUNG-CHIN CHEN, KUAN-TSOU LIN, YU-JEN LEE, YU-FEN YANG, and
SUN-MEI LIN

AIWAN, REPUBLIC OF CHINA

The Rhesus (Rh) blood group is the most polymorphic human blood group system,
and it is clinically significant in transfusion medicine. About 15% of Caucasoid
people are RhD-negative, whereas in the Asian population, the RhD-negative blood
type only occurs in 0.1% to 0.5%. However, approximately 30% of apparently
RhD-negative Taiwanese people actually were RhDel. Traditionally, we verify RhDel

by a serologically adsorption-elution procedure with polyclonal anti-D. In our re-
cent report, RhC phenotype is highly associated with RhDel, and RHD1227A is a
useful genetic marker for RhDel. For setting up a rapid protocol to detect RhDel in
clinical laboratory, a total number of 395 Taiwanese serological RhD-negative
blood samples, those with RhC (�) phenotypes as selected by serological tests,
were further screened by adsorption/elution tests and RHD1227A allele by specific
sequence primer-polymerase chain reaction (SSP-PCR) for RhDel. Among 395 blood
samples collected from RhD-negative subjects, the incidence of RhC (�) was 43%
(171/395). One hundred and twenty six of the 171 RhC (�) samples were positive for
both adsorption/elution for RhD detection and SSP-PCR assay for RHD1227A. The
sensitivity and specificity were 96.9% and 97.5%, respectively, for RHD1227A detec-
tion as compared with the traditional adsorption/elution test. Our results also indi-
cated that RHD1227A was highly linked to Ce haplotypes (95.2%). In conclusion,
combined RhC (�) phenotyping and RHD1227A analysis can be a simple and
accurate laboratory screening protocol for RhDel detection in RhD-negative popu-
lation. (J Lab Clin Med 2005;146:321–5)

Abbreviations: Rh � rhesus; SSP-PCR � specific sequence primer-polymerase chain reaction;

HDN � hemolytic disease of newborn
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h antigens are acylated red cell transmembrane
proteins with a molecular weight of 30–32 kDa
and encoded by two highly homologous genes

HD and RHCE. Both genes are located on chromo-
ome 1p34-36 and about 30,000 bp apart. Although
HD appears as an ancestral duplicate of RHCE, which
ccurs in four allelic forms ce, cE, Ce, or CE.1 They
ave opposite orientation and are highly homologous
etaining more than 90% identity.2,3 The Rh blood
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roup is the most polymorphic human blood group
ystem, but with high clinically significance in transfu-
ion medicine. Persons are clinically classified as Rh-
ositive and Rh-negative depending on the presence or
bsence of the D antigen on the red cell surface.
The RhD-negative trait could be generated by mul-

iple genetic mechanisms, which have been shown to be
thnic group-dependent. About 15% of Caucasoid peo-
le are RhD-negative; most are associated with the
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eletion of RHD gene between the upstream and down-
tream Rheus boxes.4,5 However, the RhD-negative
lood type only occurs in 0.1% to 0.5% of the Asian
opulation.6–9 In contrast to Caucasoid persons, nearly
0% of the Chinese RhD-negative were RhDel, a rare
ariant of the Rh system with intact RHD gene, but the

antigen is detectable only by adsorption and elution
ests.7,8 In recent years, the effort to molecular catalog
h genetic variations has continued to impact on trans-

usion medicine. Based on our previous molecular stud-
es, RHD1227A was an important genetic marker in
hDel persons.9–12

A considerable proportion of seemingly RhD-nega-
ive samples in Asian are carrying the intact RHD gene
resented RhDel phenotype.8–12 The classic adsorption/
lution method for RhDel typing is difficult and imprac-
ical for use in all transfused patients. Therefore, the
evelopment of a simple laboratory protocol for correct
etection of RhDel is very important especially in Tai-
an and some other countries that have a high preva-

ence of RhDel. This rationale prompted us to investi-
ate the performance of combined RhC phenotyping by
erological testing and genotyping identification of
HD1227A by SSP-PCR in distinguishing RhDel and

rue D negative in 395 RhD-negative samples, which
llowed us to set up a protocol for RhDel identification
easible in a routine laboratory.

ATERIALS AND METHODS

Serological Rh phenotyping. A total of 395 RhD-nega-
ive unrelated blood donors were kindly provided by Tainan
nd Kaohsiung Blood Centers, Chinese Blood Service Foun-
ation. The above apparently RhD-negative blood samples
ere serotyped for RhC/c and RhE/e antigens by monoclonal

nti-C, anti-c, anti-E, and anti-e antibodies (Gamma Biologi-
als, Houston, Texas). RhD-negative samples with RhC (�)
ere further screened by adsorption and elution tests with
olyclonal anti-D (Dominion Biologicals, Dartmouth, Can-
da), and RHD1227A polymorphism by SSP-PCR.

Adsorption/elution test for RhD. Adsorption/elution tests
ere performed on 171 RhC (�) samples. Red blood cells
ere incubated with an equal part anti-D (Dominion Biologi-

als) at 37°C for 1 hour. The cells were then washed thor-
ughly. An eluate was prepared by heat elution technique.
he eluates and last-washed supernatants were used for indi-

ect antiglobulin tests (IAT) against an in-house panel made
p of RhD-positive and RhD-negative red cells.

RHD1227 analysis. Genomic DNA was extracted from
uffy coat fraction by a commercial kit (Blood & Tissue
enomic DNA Extraction Miniprep kit; Viogene, Hsichih,
aiwan). RHD1227 polymorphism in samples with RhC (�)
as determined by SSP-PCR. Forward primer for RHD1227A

llele was 5=-GATGACCAAGTTTTCTGGAAA-3= and for
HD1227G allele was 5=-GATGACCAAGTTTTCTGGAAG-
=, respectively. The reverse primer for both RHD1227A and

HD1227G, 5=-GTTCTGTCACCCGCATGTCAG-3=, was (
sed to amplify a 348-bp product.10 Another pair of nucleotides
forward primer: 5=-GCCTTCCCAACCATTCCCTTA-3=, re-
erse primer: 5=-TAGACGTTGCTGTCAGAGGC-3=) were in-
luded as an internal control to generate a 629-bp PCR fragment
rom the growth hormone gene. The PCR reactions were per-
ormed at a total volume of 10 �l, each containing 1 �l of
enomic DNA, 0.5 U DNA polymerase (Supertherm Gold,
evenoaks, England), 200-�M dNTPs, primers, and 2.5-mM
gCl2 in a buffer provided by the manufacturer. Forty cycles
ere programmed on a thermocycler (PE 9600 GeneAmp PCR

ystem; Applied Biosystems, Foster City, Calif) as follows:
enaturation at 94°C for 5 min, then 35 cycles of 30 seconds at
4°C, 40 seconds at 68°C and 30 seconds at 72°C. PCR products
ere visualized in a 2% agarose gel.
RHD zygosity determination. Allele-specific primers were

esigned to directly amplify the hybrid Rheus box13 (forward
rimer: 5=-TGAGCCTATAAAATCCAAAGCAAGTTAG-3=;
everse primer: 3=CCTTTTTTTGTTTGTTTTTGGCGGTGC
=). An internal control of the 629-bp PCR fragment from the
rowth hormone gene was included in the amplification re-
ction. Thermal profile started with a first denaturation step of
min at 95°C, followed by 35 cycles of 95°C for 1 min,

nnealing at 67°C for 1 min, and extension at 72°C for 2 min,
ith a final step of 72°C for 5 min. The PCR products were
isualized on 1% agarose gels with ethidium bromide stain-
ng. Consequently, the primers selectively amplify a 2778-bp
egment of the hybrid Rheus box that can accurately detect
HD gene deletion.

ESULTS

The incidence of RhC (�) of the apparent RhD-
egative persons was 43% (171/395). The incidences
f RhDel in RhC (�) persons as determined by
HD1227A, and adsorption and elution test were
4.3% (127/171) and 76.0% (130/171), respectively
Fig 1). The comparative results of these 2 tests are
hown in Table I, 126 of the130 RhD adsorption/
lution-positive (RhDel) samples were also positive for
HD1227A by SSP-PCR analysis (sensitivity 96.9%),
nd 40 out of 41 RhD adsorption/elution-negative samples
ere negative (specificity 97.5%). Only 5 samples re-
ealed an inconsistent result detected by these 2 methods.
owever, all 224 RhC (�) samples were negative in
HD1227A detection (Fig 1).
To understand the association of RHD1227A and

HCE loci, further analysis of the 126 RhDel samples

ig 1. Combined RhC phenotyping and RHD1227A genotyping in
95 RhD-negative subjects.
with both RHD1227A and adsorption and elution pos-
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tive) by SSP-PCR for RHD1227G and hybrid Rheus
ox. As shown in Table II, the results demonstrated
/A, A/G, and A/� are 17.0% (21/126), 3.2% (4/126),

nd 80.2% (101/126), respectively. With analysis of its
ssociation with RHCE haplotype, RHD1227A allele
as found highly linked to Ce haplotypes (92.7%). The
istribution of each phenotype among 395 RhD-negative
amples in this study and the previous reports from Hong
ong and Japan7,14 were summarized in Table III. The

ncidence of RhD-negative, RhDel, and true D negative
roups were similar between Taiwan and Hong Kong
opulations. Statistically, it is significantly different as
ompared with the Japanese population. However, it is
f great interest to note that all RhDel persons were
ighly associated with RhC (�) phenotype in all 3
opulations.

ISCUSSION

The most frequent cause for RhD-negative Cauca-
oid persons is the lack of the whole RHD gene and
ybid Rheus box present on both chromosome.4,5 How-
ver, total deletion of the RHD gene only accounts for
0–23% of RhD-negative in African15 and 60–70% of
hD-negative Asian populations.8,10,13,16 There were

everal RHD positive but antigen D negative alleles

able I. Results of SSP-PCR for RHD1227A and
dsorption-elution in 171 RhC (�)-apparent
hD-negative samples

RhC (�)
N � 171

RHD1227A (�)
N � 127

RHD1227A (�)
N � 44

dsorption/elution (�)
N � 130

126 4

dsorption/elution (�)
N � 41

1 40

ensitivity (%) 96.9 —
pecificity (%) — 97.5

able II. Relative incidence of Rh phenotypes and
HD1227A allele in 126 RhDel samples

RHD 1227A (�) & adsorption/elution D (�)

Rh
phenotype

Predicted
genotyping

A/A
(21/126)

A/G
(4/126)

A/-
(101/126)

No % No % No %

CCee Ce/Ce 14 11 1 0.79 3 2.38
Ccee Ce/ce 7 5.6 1 0.79 97 77
CCEe Ce/CE 0 0 1 0.79 0 0
CcEe Ce/cE 0 0 1 0.79 1 0.79
Total 21 17 4 3.17 101 80.2
ere found in Asian.9–13 It is known that nearly 10% of C
apanese and 30% of Chinese RhD-negative were Rh-

el, a rare variant of Rh system with intact RHD gene,
ut the RhD antigen is detectable only by adsorption
nd elution test.6–8

The molecular mechanism of RhDel has long been
isputed. In 1997, it was reported that an RhDel person
ight carry a grossly intact RHD gene.14 Subsequently,
hang et al17 described a partial deletion of RHD gene

n 21 RhDel persons, and more recently, 2 alleles-
HDIVS1�1A and RHD1227A were found in 3 Jap-
nese RhDel donors.18 Wagner et al5 found 15 RhDel persons
mong 8442 RhD-negative donors, 7 with RHD885T, 5 with
HD1227A, and 3 with RHDIVS3�1A alleles. In our

ecent report, a uniform molecular mechanism in 94 Rh-

el Chinese subjects in Taiwan was observed to have
xactly the same RHD1227A polymorphism.10 A similar
esult had also been found in 26 RhDel and 2 weak RhD
hinese subjects from Mainland China.9 The population

requency of RHD1227A allele in Chinese is 1:110, which
s higher than the frequency of 1:9091 in Europeans.5,9

A weak D red cell phenotype exhibits weaker sero-
ogical reaction with anti-D antibodies. A part of weak

phenotypes could be explained by qualitatively al-
ered RhD proteins called partial D. More than 20 types
f partial D have been analyzed, and most of them have
mino acid substitutions in the intracellular or trans-
embranous parts of the RhD protein.19,20 The other

art of weak D phenotypes is likely to possess the
ormal allele with depressed RhD expression on the red
lood cells’ surface. Lately, several studies have shown
hat weak D alleles carry at least one point mutation in
HD gene.19–21 RhDel persons, with an intact RHD
ene, may have different numbers of RhD-antigen sites
n the red blood cell membrane and be considered to be
type of weak D. The aim of this work was to answer

n important question of how to distinguish RhDel and
rue D negative in clinical laboratory. To develop a
imple protocol for routine laboratory use, we com-
ared the performance of combined RhC phenotyping
y serological testing and genotyping identification of
HD1227A by SSP-PCR. The results revealed 99.5%
pecificity and 92.5% sensitivity.

The SSP-PCR test system for RHD1227A evaluated
ere successfully detected most RhD negative samples
ith RhDel phenotypes. Among the 127 samples with
HD1227A, 126 samples could be confirmed by a
lassic adsorption and elution test. Twenty five of 126
hDel samples tested negative for hybrid Rheus box,
hich indicates that of RHD existing in both chromo-

omes, only 4 of the 25 samples were RHD1227G
ositive. Therefore, homozygous RHD1227A seems to
e more frequent than theoretically expected.
It is in consistence with other reports; both Ccee and

Cee were highly prevalent in RhDel persons of Chi-
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ese populations,7,8,10,22 whereas the prevalence of the
cEe phenotype was about 44% in the RhDel group of

he Japanese population (Table III).14 However, it is of
reat interest to note that all RhDel persons were highly
ssociated with the RhC (�) phenotype in all 3 popu-
ations. In regard to D antigen density, Okuda et al16

ointed out that all serologically RhD-negative donors
arrying parts of the RHD gene under analysis showed
he C (�) phenotype. The suppressive effect of the Ce
aplotype on the weak D phenotype has been confirmed
s antigen density dropped dramatically below 500
ntigens per red blood cell for weak D when they
resent the DCCee or DCEce phenotypes. Therefore,
e propose that RhDel is probably paired with r= (dCe)
aplotype, which may suppress D antigen expression.
his study demonstrated a high association of DCe
aploptype with RHD1227A polymorphism.
Previous reports23,24 have indicated that antibody for-
ation may be induced in persons of the partial D phe-

otype. It was proposed that RhDel persons safely receive
hD-positive units that carry the intact RHD gene. The

are occurrence of hemolytic transfusion reaction and
nti-D-associated HDN among the Chinese is also
robably attributable in part to the existence of this
eak D (RhDel) phenotype among apparently RhD-
egative persons.25 In contrast, can a true D negative
erson safely receive blood components from RhDel

arriers? Based on the recent report by Wagner et al,26

hDel was found to be able to induce anti-D in a true D
egative recipient. Therefore, a rapid laboratory proto-
ol for RhDel detection may help to ensure safety in
lood transfusion and reduce the rate of HDN occur-

able III. Distribution of RhD-negative, “RhDel,” and

No.

This study

395 126 269 465

Apparent Rh
phenotypes RhD(�) RhDel True D� RhD(

(�)
CCee 4.8 14.3 0.4 6.9
CCEe 0.3 0.8 0.0 0
Ccee 37.0 83.3 15.2 33.8
CcEe 1.3 1.6 1.1 1.1
CcEE 0 0 0 0

ubtotal 43.3 100 16.4 41.7
(�)
ccee 54.7 0 80.6 56.8
ccEe 2.0 0 3.0 1.5
ccEE 0 0 0 0

ubtotal 56.7 0 83.6 58.3
ence, and it is certain that DNA typing will inevitably t
e implemented in the conventional serological meth-
ds for RhD typing in the near future.
In this study, we found that the presence of the RHD

ene in RhDel samples seems to relate strictly to the
hC phenotypes with high incidences of RhC (�) in

he apparent RhD-negative persons (43%), and partic-
larly in RhDel persons (100%). All RhDel persosn with
ntact RHD gene showed the CC or Cc phenotype but
ot the cc phenotype. More important was to note that
lmost the same results were demonstrated in the other 2
sian populations, Hong Kong7 and Japan14 (Table III).

n addition, by SSP-PCR analysis, high sensitivity
96.9%) and specificity (97.5%) were achieved in Rh-

el persons for the detection of RHD1227A, which is a
seful genetic marker for RhDel identification.10 Based
n these findings, it is thus possible to correctly detect
hDel in RhD-negative subjects by simply screening
hC (�) phenotype and RHD1227A analysis. As

hown in Fig 2, phenotype RhC (�) followed by
HD1227A detection is a reliable and simple method

or RhDel detection in RhD-negative persons in Taiwan
nd probably other Asian populations. This simple pro-

�” phenotypes in 3 different populations

ng Kong7 Japan14

136 329 306 102 204

RhDel True D� RhD(�) RhDel True D�

19.1 1.8 2 3.92 0.5
0 0 0 0 0.5

78.7 15.2 28 52 16.2
2.2 0.6 22 44.1 10.3
0 0 0 0 0.5

100 17.6 52 100 27.9

0 80.2 19 0 28.9
0 2.1 19 0 28.9
0 0 9 0 14.2
0 82.3 48 0 72.1

Fig 2. Proposed laboratory protocol for RhDel detection.
“true D

Ho

�)
ocol for RhDel identification applied in a routine lab-
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ratory is helpful to prevent anti-D alloimmunization
ithout adding much to the costs and time consumption

nd without incurring an avoidable wastage of RhD-
egative blood units that are always not available in
sian populations. In conclusions, we tried to explore

he genomic marker (RHD1227A) of RhDel and set up
protocol simply by a combined RhC phenotyping and
HD1227A analysis for RhDel detection in clinical

aboratories.

We express our thanks to Prof. Hock-Liew Eng (Chang Gung
emorial Hospital, Kaohsiung, Taiwan) for editing of this manu-

cript and critical comments, and Ms. Liao Pi-Ying for her technical
ssistance.
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ifferential regulation of the rat heme oxygenase-1
xpression by Ets oncoproteins in glomerular
esangial cells

RASAD D.K. DHULIPALA, PRASUN K. DATTA, E. SHYAM REDDY, and ELIAS A. LIANOS

EW BRUNSWICK AND PISCATAWAY, NEW JERSEY; PHILADELPHIA, PENNSYLVANIA; AND ATLANTA, GEORGIA

The Ets-1 oncoprotein and the heme-catabolizing enzyme heme oxygenase (HO)-1
have been implicated in the pathogenesis of renal disease. We investigated the role of
the putative Ets-binding sites (EBSs) in the transactivation of the proximal promoter of rat
heme oxygenase 1 (hmox1) gene by the Ets oncoproteins Fli-1, Erg-2, and Ets-1 in
mesangial cells. We examined several rat hmox1-chloramphenicol acetytransferase
(CAT) constructs and EBS mutant constructs in an effort to assess the effect of ETS
oncoproteins on transactivation of the rat hmox1 proximal promoter in renal glomerular
mesangial cells. CAT assays demonstrated that the proximal promoter region (�1387 to
�40) contains positive and negative regulatory regions and that the EBS-2, 3, and 4
play a role in basal promoter activity. Overexpression of Fli-1 and Erg-2 proteins
showed a significant increase in promoter activity, whereas Ets-1 showed no effect on
promoter activity. The Fli-1–induced transcriptional activation was not altered by mu-
tation of EBSs, either independently or in combination. However, mutation of EBS-4
independently or a combined mutation of sites 3 and 4 led to a 50% reduction in
Erg-2–induced transcriptional activation. Furthermore, mutation of EBS-2 and 4 com-
pletely abolished Erg-2–mediated promoter activation. Our results support a role for Ets
transcription factors in the regulation of rat hmox-1 gene expression in mesangial cells.
(J Lab Clin Med 2005;146:326–32)

Abbreviations: AP-1 � activating protein-1; bp � base pair; CAT � chloramphenicol
acetytransferase; COL1A2 � collagen type 1, alpha2; EBS � Ets binding site; HO � heme
oxygenase; HSE � heat-shock element; GBM � glomerular basement membrane; NADPH �
nicotinamide adenine dinucleotide phosphate (reduced); Nrf2 � Nuclear factor erythroid-2

related factor; PCR � polymerase chain reaction
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eme oxygenase (EC 1.14.99.3), the rate-limiting en-
zyme in heme catabolism, catalyzes the
NADPH-, oxygen- and cytochrome P450–

ependent oxidative cleavage of heme to yield equimo-
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ar amounts of biliverdin, carbon monoxide, and iron.
iliverdin is subsequently converted to bilirubin by
iliverdin reductase.1 Two separate genes, hmox1 and
mox2, encode for the 2 catalytically active mammalian
soforms of HO, HO-1 and HO-2, respectively.2 HO-1,
he cytoprotective isoform, is induced by its substrate
eme, oxidant injury, nitric oxide, transition metal ions,
ypoxia, and inflammatory cytokines in mammalian
issues, including the kidney and kidney-derived
ells.2–12 A high level of HO-1 is often detected in the
idney under pathologic conditions.13–20 However, the
echanisms underlying HO-1 induction by multiple

nducers are not only cell- and tissue-specific but also
pecies-specific. Molecular analysis of the transcrip-
ional regulation of murine hmox1 gene by heme and
onheme compounds, including agents known to cause
xidative stress, has identified a common mechanism:
he stress-response element/Nrf2 transcription-factor

athway.21 However, the transcriptional regulation of
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uman hmox1 gene by heme and nonheme compounds
uch as cadmium is mediated by the stress-response
lement and by an enhancer internal to the hmox1
ene.22,23 Recent evidence indicates that the Ets (E26
ransformation-specific) family of transcription fac-
ors24,25 up-regulates human hmox1 gene expression in
he Xenopus oocyte system.26

The Ets family of oncoproteins has become the subject
f extensive investigation because of these oncoproteins’
egulatory effect on cell proliferation, differentiation, ap-
ptosis, hematopoiesis, metastasis, angiogenesis, transfor-
ation, and regulation of the immune system.24,25,27 To

ate, approximately 30 members of this transcription-
actor family have been identified in mammals.25 A char-
cteristic feature of this family of proteins is shared
equence homology with the first Ets gene (v-ets) iso-
ated from the avian-leukemia virus E26; they are re-
ated to each other by having the ETS domain in
ommon. This domain contains a stretch of 85 amino
cids that binds to the GGAA/T DNA sequence
EBS).25,28

Recent studies have demonstrated that Ets-1 and yet-
ncharacterized Ets-related proteins are constitutively
xpressed by glomerular mesangial cells.29 Recent
tudies have also demonstrated that Ets-1 (a member of
he ETS subfamily) is overexpressed in mesangial cells
n anti-Thy1.1 antibody–mediated glomerulonephritis30

nd in glomeruli of anti-GBM antibody–mediated glo-
erulonephritis.30 Our earlier studies have demon-

trated high basal levels of HO-1 expression in rat and
urine mesangial cells6 and up-regulation of glomeru-

ar HO-1 in anti-GBM antibody–mediated glomerulo-
ephritis.15 To date, very little is known about the
ranscription factors that are essential for cell-specific
nd basal expression of the rat hmox1gene.
In this study we show that EBSs located on the

roximal promoter of the rat hmox1 gene regulates
asal/constitutive expression of HO-1 in glomerular
esangial cells. We further demonstrate that in these

ells Ets oncoproteins belonging to the ERG subfamily,
li-1 and Erg-2, act as inducers of the hmox1 gene,
hereas Ets-1 (a member of the ETS subfamily) has no

ffect. Our studies also demonstrate that activation of
he rat hmox1 gene by Erg-2 is EBS-dependent,
hereas activation by Fli-1 is EBS-independent and
robably mediated by an indirect interaction with the
romoter.

ETHODS

Molecular cloning of the proximal promoter of the rat
mox1 gene. Rat hmox1 gene promoter ranging from �1387

o 71 bp (p-1387hmox1CAT) was generated by means of PCR
mplification of rat genomic DNA (Clontech, Palo Alto, Calif)

ith the use of the Advantage Genomic PCR kit (Clontech) u
nd appropriate forward (5=-AAGCTTGCTTCTAATTTC-
AAAATGT-3=) and reverse (5=-GAGATGGCTCTGCTGCG-
CAGGCTCCACTC-3=) primers based on the rat hmox1gene
ublished sequence.31 The resultant fragment was cloned in
GEM-T vector (Promega, Madison, Wis). The cloned DNA
emplate was further amplified with the use of forward primers
=-GCCAGGAATTCGGAGGGTAATTGTCCAAGAG-3= and
=-TTGCCCACCAGCATCTCAC AGCTA-3= and the reverse
rimer mentioned above to create p-755hmox1CAT and
-313hmox1CAT constructs, respectively. All PCR fragments
ere cloned in pGEM-T vector; the respective fragments were

xcised with the use of Sal-I and Sph-I enzyme and subcloned in
-CAT basic vector (Promega). The p-755hmox1CAT plasmid
as cut with Hind III enzyme to remove nucleotides �714 to
550 and religated to construct p-549hmox1CAT. The

-549hmox1CAT construct was cut with Hind III and Xho I to
emove nucleotides �549 to �40, and the ends were filled in
ith dNTPs and Klenow enzyme to generate p-39hmox1CAT.
e carried out restriction mapping and nucleotide sequencing

n each of the constructs to confirm orientation and sequence.
Mutation of EBSs in the minimal promoter region of the

at hmox1 gene. The minimal promoter construct (p-
49hmox1CAT), harboring sequences responsible for maxi-
al basal promoter activity, contains 3 potential binding sites

or the Ets-family transcription factors (Fig1, A). To investi-
ate whether these sites play a role in regulating hmox1
romoter activity by the Ets transcription factors Fli-1, Erg-2,
nd Ets-1, we mutated these EBSs individually or in combi-
ations using the Quick-Change Mutagenesis Kit (Stratagene,
a Jolla, Calif) in accordance with the recommended
rotocol.
We subjected the p-549hmox1CAT construct to tempera-

ure cycling using Pfu Turbo DNA polymerase (Stratagene,
aJolla, Calif) in the presence of 2 synthetic oligonucleotide
rimers (containing the desired mutation that is complemen-
ary to opposite strands of the mutagenic site). The following
=-phosphorylated primer sets were used for the mutation of

different EBSs in the hmox1 minimal promoter region
EBSs are underlined, and mutated nucleotides are presented
n bold): EBS-2 (sense): 5=-TTA GAG TTC CGC GTA GGT
GA CTC AAG-3=; EBS-2 (antisense): 5=-CTT GAG TCT
CC TAC GCG GAA CTC TAA-3=; EBS-3 (sense): 5=-TAG
CT TGG GGCC CCG TTG GGT CAA TCCC-3=; EBS-3

antisense): 5=-AGG GAT TGA CCC AAC GGG GCC CCA
GTC-3=; EBS-4 (sense): 5=-ATT GTC TCC TAG TTC
CG TAC CTT CCA GAT TCC-3=; EBS-4 (antisense):
=-GGA ATC TGG AAG GTA CGA GAA CTA GGA GAC
AT AC-3=.
The primers were annealed to the template and extended

uring the cycling, generating mutated plasmid with stag-
ered nicks. The product was then treated with Dpn I enzyme
o digest the methylated and hemimethylated parental DNA
emplate and to select mutation-containing newly synthesized
NA. The final product was transformed into Epicurian Coli
L-1 Blue supercompetent cells (Stratagene). Plasmid DNAs
ere isolated with the use of a miniprep kit (Qiagen, Valen-

ia, Calif). The mutations of EBSs were confirmed with the

se of nucleotide sequencing.
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Cell culture and trascriptional activation assays. Mouse
esangial cells (MES 13) were obtained from American
ype Culture Collection (Manassas, Va) and maintained in
ulbecco’s modified Eagle medium/Ham’s F12 nutrient me-
ium (3:1) supplemented with 5% fetal bovine serum and 1%
enicillin-streptomycin.6

All plasmid DNAs used in transfection studies were purified
ith the use of the Endofree Plasmid Maxi kit (Qiagen). Cells
ere seeded at a density of 5�106 24 hours before transfection.
ells were transfected with 5 �g of hmox1CAT reporter cons-

ructs (p-1387hmox1CAT, p-755hmox1CAT, p-549hmox1CAT,
-313hmox1CAT, and p-39hmox1CAT), pCAT-Basic vector, or
BS mutated p-549hmox1CAT constructs and with 2 �g of
CH110 (�-galactosidase expression plasmid) in the presence
r absence of 2 �g of pSG5 Ets expression vectors (human
li-1, Erg-2, and c-Ets-1).28,31–33 In the transfection experi-
ents, we used a calcium phosphate coprecipitation method

escribed earlier.33 The final DNA concentration of 10 �g
as made up with pGem3 carrier DNA. Cells were harvested

fter 48 hours of transfection, and cell lysates were used to
ssay �-galactosidase and CAT activities by means of estab-
ished colorimetric and thin-layer chromatography meth-
ds.34 The amounts of extracts used for CAT activities were
ormalized to the levels of �-galactosidase activity in the
xtracts.

Statistical analysis. Data are expressed as mean � SEM.
e used Student’s t test to conduct comparisons. Statistical

Fig 1. Deletion analysis of promoter activity of the
deletion mutants of rat hmox1gene CAT reporter
restriction-enzyme sites, and putative EBSs are sho
AMP response element; HSE � heat shock eleme
Representative thin-layer chromatograms of CAT a
ison of transactivation activities (CAT activity) of s
mesangial cells. We calculated relative CAT act
correcting for transfection efficiency (�-gal activi
experiments.
alculations were performed with the use of Sigma Plot s
ersion 5 (SPSS, Chicago, Ill). P values of less than .05 were
onsidered significant.

ESULTS

Mapping of rat hmox1 gene basal promoter activ-
ty. We transfected promoter deletion constructs extend-
ng from �1387 bp to the transcription start site of the
=-sequence of the hmox1 gene (p-1387hmox1CAT,
-755hmox1CAT, p-549hmox1CAT, p- 313hmox1CAT,
nd p-39hmox1CAT) or the pCAT-Basic vector (Fig 1,
) into MES13 cells to determine basal promoter ac-

ivities. High basal reporter-gene activity was main-
ained in constructs containing a minimal promoter
equence of 313 bp (p-313hmox1CAT), as shown in
ig 1, B and C, whereas construct p-39hmox1CAT
xhibited background CAT. These results indicate the
resence of a positive regulatory element or elements
etween �1387 and �755 bp and a negative regulatory
lement or elements between �755 and �549 bp,
espectively. The results indicate the presence of a
inimal promoter region between nucleotides �549

nd �40 bp in the rat hmox1 promoter and also dem-
nstrate that a strong regulatory element or elements
esponsible for constitutive hmox1 gene expression re-

1 gene 5=- flanking region. (A), Schematic map of
s. Locations of transcription-factor binding sites,
e p-1387hmox1CAT construct. CRE-AP1 � cyclic
� upstream stimulatory factor–binding site. (B),
lts of each corresponding construct. (C), Compar-
deletion mutants of rat hmox1 gene in glomerular
comparing the activity of pCAT basic vector,

expressed as mean � SEM from 4 independent
rat hmox
construct
wn on th
nt; USF
ssay resu
uccessive
ivities by
ty). Data
ides within this region.
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The rat hmox1 gene proximal promoter contains sev-
ral putative EBSs. Several transcription factor-binding
ites have been mapped within the rat hmox1 gene
roximal promoter.30,35,36 We conducted a computer-
zed search for the potential EBS GGAA/T,37 within
he rat hmox1 gene proximal promoter, using the Mat-
nspector program version 2.2 (Genomatix, Munich,
ermany).38 We detected 4 putative EBSs with matrix

imilarities greater than 0.85; their locations are shown
n Fig 1, A.

Role of EBSs on rat hmox1 gene basal promoter activ-
ty. The observation that deletion of EBS-1 in
-549hmox1CAT did not alter the basal promoter activity
n comparison to p-1387hmox1CAT (Fig 1) suggests that
he putative EBS at �636/�633 is not essential for basal
ene expression. To determine whether the remaining 3
BSs play any role in hmox1gene basal promoter activity,
e mutated the putative EBSs individually (EBS-2,
BS-3, or EBS-4) by means of site-directed mutagenesis

described in the Methods). We transfected the
-549hmox1CAT construct harboring these mutations into
ES13 cells to reveal basal promoter activities. Mutation

f the core EBS GGAA/T in the putative EBS-2, 3, or 4
ignificantly reduced the basal promoter activity (40%,
7%, and 20%, respectively) in comparison to the wild-
ype p-549hmox1CAT construct (Fig 2). These results
uggest that EBSs regulate basal promoter activity of the
at hmox1 gene.

Ets oncoproteins Fli-1 and Erg-2 transactivate the rat
mox1 gene promoter. To investigate whether the Ets
ncoproteins Ets-1, Fli-1, and Erg-2 regulate hmox1
ene expression, we cotransfected p-755hmox1CAT,

ig 2. Effect of point mutations in EBS-2, 3, and 4 on basal promoter
ctivity. Mouse mesangial cells were cotransfected with
-549hmox1CAT wild-type, EBS-2 mutant, EBS-3 mutant, or EBS-4
utant, along with pCH110 (�-galactosidase gene), after which CAT

ctivities were assayed as described in the Methods. Data expressed
s mean � SEM of 3 independent experiments. *P � .05 vs
-549hmox1CAT.
-549hmox1CAT, and p-313hmox1CAT constructs p
long with Ets-1, Fli-1, or Erg-2 expression plasmids or
ith empty expression vector (pSG5) into MES13

ells. We noted significant transactivation of the hmox1
ene promoter by Fli-1 and Erg-2 overexpression (Fig
). In contrast, Ets-1 overexpression failed to affect
mox1 gene promoter activity (Fig 3).
Ets binding sites 2 and 4 function as Erg-2 response

lements. To determine which of the 3 EBSs are re-
ponsible for mediating activation by Fli-1 and Erg- 2,
e mutated the putative EBSs individually (EBS-2,
BS-3, or EBS-4) or in combination (EBS-2/EBS-4
nd EBS-3/EBS-4), as described in the Methods. The
-549hmox1CAT constructs harboring these mutations
ere tested in transient transactivation assays in the
resence or absence of Fli-1 or Erg-2 expression vec-
ors. Our results showed no significant reduction in the
agnitude of transactivation of hmox1 gene promoter

ctivity (�4.5- to 4-fold) by Fli-1 overexpression, even
hen the core Ets-binding site GGAA/T of all EBS

ites (EBS-2, 3, and 4) was mutated individually (Fig 4,
anes 2, 5 and 8) or when these sites were mutated in
ombination (Fig 4, lanes 11 and 14) in comparison
ith the magnitude of transactivation of the wild-type

p-549hmox1CAT) promoter activity level (�5-fold)
y Fli-1 (Fig 3). Similarly, mutation of the core EBS
GAA/T in EBS-2 and EBS-3 did not inhibit or atten-
ate the extent of transactivation of hmox1 gene pro-
oter activity (�4-fold) by Erg-2 overexpression (Fig

, lanes 3 and 6). Mutation of EBS-4 alone and of
BS-3 and EBS-4 in combination attenuated the mag-
itude of transactivation of hmox1 promoter activity by
he Erg-2 protein by 50% (Fig 4, lanes 9 and 12),
uggesting that EBS-4 is partially responsible for the
rg-2–mediated transactivation of hmox1 gene pro-
oter. However, mutation of the EBS-2 and EBS-4 in

ombination completely abolished the Erg-2–mediated
ransactivation of the rat hmox1gene promoter (Fig 4,
ane 15). These results suggest that EBS-2 and EBS-4
re essential for Erg-2–mediated transactivation of the
mox1 proximal promoter and that the Fli-1–dependent
ransactivation of the hmox1 gene is not mediated by
ay of EBS but probably through indirect interaction
ith the promoter by recruiting other partners that need

o be characterized.

ISCUSSION

Our results indicate the presence of a positive regu-
atory element or elements between �1387 bp and

755 bp and a negative regulatory element or elements
etween �755 and �549 bp in the rat hmox1 proximal
romoter. Furthermore, the results demonstrate that the
trong regulatory element or elements responsible for
onstitutive hmox1 gene expression reside within the

romoter sequence �549/�40. Several lines of evi-
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ence strongly suggest that EBS is critical in the basal
xpression of hmox1 in mesangial cells. Mutation of
BS-2, EBS-3, and EBS-4 significantly reduced the
asal promoter activity compared with the wild-type
-549hmox1CAT construct (Fig 2). Overexpression of
ts proteins Fli-1 and Erg-2 significantly induced
mox1 promoter activity. Although the proximal 1.38
b of the hmox1 promoter contains 4 putative EBSs,
nly EBS-2, EBS-3, and EBS-4 are essential for basal
ene expression; deletion of EBS-1 in the p-
49hmox1CAT construct did not reduce basal promoter
ctivity. The comparable activation of the hmox1 pro-
oter constructs p-755hmox1CAT and p-549hmox1CAT

y Fli-1 and Erg-2 (Fig 3) indicates that the EBS-1 site
s not involved in activation of the promoter by these
ncoproteins. Further, the 50% Erg-2–mediated activa-
ion in p-313hmox1CAT suggests that EBS-2 and 3 are
eeded for full activation of the hmox-1 promoter by
rg-2.
Ets transcription factors are known to cooperate with
P-1 in regulating several genes, including cytokines,
atrix metalloprotease-1 and glutathione-s-transferase-ya

ubunit.39 The transactivation of p-549hmox1CAT con-
truct by Fli-1 and Erg-2 suggests that a physical interac-
ion between the previously characterized AP-1 site
�665 to �654)36 and EBSs in regulating the hmox1
romoter is unlikely. However, our findings do not com-
letely rule out a synergistic transcriptional regulation by

Fig 3. Transactivation of rat hmox1 gene by Ets on
5 �g of p-755hmox1CAT, p-549 hmox1CAT, or p-3
plasmids (pSG5-Fli-1, pSG5-Erg-2, pSG5-Ets-1) an
the Methods. Values of p-755hmox1/CAT, p-549hm
expressed as mean � SEM of 3 independent experi
from transfection experiments are shown at the bot
BSs and AP-1 protein by protein-protein interaction; a E
irect physical association between Ets protein and AP-1
ranscription factor plays an important role in the regula-
ion of expression of the human collagenase-1 and strome-
ysin-1 genes.40

Our results are in agreement with studies demonstrat-
ng that the Ets-family proteins Erg and Fli-1 result in
fficient transcriptional activation of human HO-1 gene
n Xenopus oocytes.26 Our results clearly demonstrate
hat the Fli-1–dependent transactivation of the
mox1gene is not mediated by way of EBSs and that
his transactivation is probably mediated by indirect
nteraction with the promoter, in light of the finding that
oint mutation of the putative EBS, either individually
EBS-2, EBS-3 or EBS-4) or in combination (EBS-2/
BS-4 and EBS-3/EBS-4), did not repress Fli-1–medi-
ted hmox1 promoter activity. Such indirect interaction
f Fli-1 has been demonstrated for the COL1A2 pro-
oter.41 It has been shown that Fli-1–mediated repres-

ion of the COL1A2 promoter is mediated by the Sp1/
p3-binding sites, which function as a Fli-1–response
lement.41 The failure of Ets-1 overexpression to trans-
ctivate hmox1 promoter (Fig 3) indicates that either
he EBSs on hmox1 proximal promoter have no affinity
or Ets-1 or Ets-1 cannot interact effectively with ap-
ropriate coactivators in mesangial cells. Alternatively,
his finding may reflect a promoter-specific regulation
f the rat hmox1 promoter by different Ets proteins.
ecause mutation of 2 sites in combination (EBS-2 and

s. Mouse mesangial cells were cotransfected with
CAT constructs, along with 2 �g of Ets expression
f pCH110 (�-galactosidase gene), as described in
, or p-313hmox1/CAT were taken as 1-fold. Data
in-layer chromatography autoradiograms obtained
e figure.
coprotein
13hmox1
d 2 �g o
ox1/CAT

ments. Th
BS-3, EBS-3 and EBS-4) resulted in significant loss
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n Erg-2–mediated transactivation of the rat hmox1
romoter compared with the loss observed after indi-
idual site mutations by Erg-2 (Fig 4), it may be pro-
osed that 2 binding sites are required to form a stable
nteraction with Erg-2. The EBS-4 site maps within the
SE of the rat hmox1 promoter (Fig 1, A) and it is
oteworthy that the DNA-binding sites for both the Ets
amily of proteins25 and the heat-shock family of pro-
eins42 contain a GGA trinucleotide sequence, which is
pparently required for DNA-protein interaction.43 The
utation of the Ets/HSE (EBS-4) caused significant

oss of Erg-2–mediated transactivation of the hmox1
romoter. A similar observation was found in the case
f the protein kinase C gene, where mutation of the
ts/heat-shock factor–binding sites caused loss of

unctional enhancer activity.44 Though the Ets proteins
ind as monomers to the target sequences, the se-
uences flanking the core sequence determine the af-
nity for and specificity of Ets proteins to these target

ig 4. Identification of Ets-binding sites responsible for transactivation of
at hmox1 promoter activity by Ets oncoproteins. Mesangial cells were
ransfected with hmox1 minimal promoter (p-549hmox1CAT) harboring
oint mutations in EBS-2, 3, or 4; 3 and 4; or 2 and 4 in the absence or
resence of human Fli-1 or Erg-2 expression plasmids. Lane 1:
-549hmox1CAT–EBS-2 mutant only; lane 2: p-549hmox1CAT–EBS-2
utant plus Fli-1; lane 3: p-549hmox1CAT–EBS-2 mutant plus Erg-2; lane

: p-549hmox1CAT–EBS-3 mutant; lane 5: p-549hmox1CAT–EBS-3 mu-
ant plus Fli-1; lane 6: p-549hmox1CAT–EBS-3 mutant plus Erg-2; lane 7:
-549hmox1CAT–EBS-4 mutant; lane 8: p-549hmox1CAT–EBS-4 mutant
lus Fli-1; lane 9: p-549hmox1CAT–EBS-4 mutant plus Erg-2; lane 10:
-549hmox1CAT–EBS-3 and 4 mutant; lane 11: p-549hmox1CAT–EBS-3
nd 4 mutant plus Fli-1; lane 12: p-549hmox1CAT–EBS-3 and 4 mutant
lus Erg-2; lane 13: p-549hmox1CAT–EBS-2 and 4 mutant; lane 14:
-549hmox1CAT–EBS-2 and 4 mutant plus Fli-1; lane 15:
-549hmox1CAT–EBS-2 and 4 mutant plus Erg-2. Values of respective
BS mutated p-549hmox1CAT taken as 1-fold. Data expressed as mean �
EM of 3 independent experiments. Thin-layer chromatography autoradio-
rams obtained from typical transfection experiments are also presented.
equences.45
Several studies have revealed protein-protein or pro-
ein-DNA interactions in Ets-mediated transcriptional ac-
ivation.39 Elk-1 and SAP-1 tightly interact with GGAT
ore sequence in the c-fos serum response element only
n interacting with DNA-bound serum response factor.46

imilarly, PU.1 binds to immunoglobulin light-� chain
=-enhancer and facilitates the binding of a second factor,
FEM5, to its adjunct site.47 In both examples, formation
f the ternary complex requires both protein-protein and
rotein-DNA interaction, and the factors do not interact in
he absence of the DNA. Furthermore, the comparable
evels of transactivation of the rat hmox1 proximal pro-
oter by Fli-1 and Erg-2 are most likely a result of the fact

hat both are members of the same subfamily, ERG;
pecifically, Fli-1 and Erg-2 share 80% sequence homol-
gy at the amino-acid level.27 These observations may
xplain the differences observed in the transactivation of
at hmox1 proximal promoter by Fli-1 or Erg-2 and Ets-1
n our experiments.

Though an earlier study demonstrated that Ets-family
roteins transactivate the human hmox1 gene in Xenopus
ocytes,26 the study reported here is the first to demon-
trate the functional significance of the EBS, by means of
oint-mutation analysis, in regulating basal promoter ac-
ivity and in the Erg-2– and Fli-1– mediated transactiva-
ion of the rat hmox1 gene in mammalian (mesangial)
ells. The observation of increased glomerular expression
f Fli-1 messenger RNA in a rat model of anti-GBM
ntibody–mediated glomerulonephritis,30 in which in-
reased HO-1 expression has also been demonstrated,15

aises the possibility that Fli-1 mediates the up-regulation
f the hmox1 gene in this disease.
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tability of blood cell counts, hematologic
arameters and reticulocytes indexes on the Advia
120 hematologic analyzer

IUSEPPE LIPPI, GIAN LUCA SALVAGNO, GIAN PIETRO SOLERO, MASSIMO FRANCHINI,
nd GIAN CESARE GUIDI

ERONA, ITALY

Delayed sample analysis is not a rare circumstance in clinical and laboratory
practice, especially when blood samples are shipped to distant centralized labo-
ratories, when the analysis can not be readily performed, or when retesting is
appropriate. In this study we sought to evaluate the stability of conventional and
new hematologic parameters in blood specimens stored for as long as 24 hours at
4°C. Of the 21 hematologic parameters tested with the use of the Advia 120
hematologic analyzer (Bayer Diagnostics), means for paired samples of specimens
differed significantly over the 24-hour storage period for hematocrit, main corpus-
cular volume, percentage of macrocytes, platelet count, main platelet volume,
reticulocyte count and percentage, and reticulocyte hemoglobin content (all P <
.01). We noted no significant changes in the other parameters tested or in the white
blood cell differential. The overall distribution of the immature reticulocytes fractions
remained substantially unchanged, though the high staining-intensity fraction
showed a considerable shift from the baseline measure. Bland-Altman plots and
limits-of-agreement analysis showed mean biases between �4.8% and 37.2% and
relative coefficients of variations ranging from 0.4% to 32.7%. The 95% agreement
interval in the set of differences was satisfactory and almost within the current
analytic-quality specifications for desirable bias. The results of this investigation
suggest that, within certain limitations for parameters derived or calculated from
cellular volumes, blood specimens stored for as long as 24 hours at 4° C may be
suitable for hematologic testing. (J Lab Clin Med 2005;146:333–40)

Abbreviations: EDTA � ethylenediaminetetraacetate; HBOC � hemoglobin-based oxygen
carrier; IRF � immature-reticulocyte fraction; MCH � mean corpuscular hemoglobin; MCV �

mean cell volume; MPV � main platelet volume; RBC � red blood cell; WBC � white blood cell
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ally blood doping took the form of homologous and
utologous transfusions. In the early 1990s, the intro-
uction of erythropoiesis-stimulating substances—
hiefly recombinant human erythropoietin, the novel
rythropoiesis-stimulating protein, and continuous
rythropoiesis receptor activator—and, most recently,
he use of HBOCs and other oxygen-transport mole-
ules revolutionized the approach to the unfair im-
rovement of aerobic performances.3 Seeking to limit
oth health risk and unfair performance enhancement,
he International Ski Federation was the first to intro-
uce a hemoglobin threshold for its athletes, an effort
apidly followed by the implementation of hematocrit
imits (0.50 for men and 0.47 for women) by the
nternational Cycling Union and the International Bia-
hlon Union. However, as a result of false positive and
egative cases emerged measuring hemoglobin or he-
atocrit alone, researchers have developed integrated

rotocols and algorithms to unmask cheating. In par-
icular, an algorithm that combines scores from multi-
le blood parameters was proved effective within cer-
ain limitations. This model is sensitive to atypical
evels of blood parameters resulting from altered states
f RBC production and includes the measurement of
emoglobin, serum transferrin receptor, serum erythro-
oietin, and reticulocyte percentage.4 Alternatively,
ith the use of the Advia 120 technology (Bayer Di-

gnostics) and a direct urine test, an additional project
as developed, based on 2 statistical models that are
seful indicators of current or recently discontinued the
se of recombinant human erythropoietin by athletes.
he ON-mode (current use model) component vari-
bles are hematocrit, reticulocyte hematocrit, serum
rythropoietin, percentage of macrocytes, and serum
ransferrin receptor, whilst the OFF-model (recently
iscontinued model) involves only the first 3 variables.5

lthough this method has been successfully applied in
ntidoping campaigns, some pitfalls have recently be-
ome apparent.4,6 –9 A further concern, less commonly
onsidered, involves the effect of the preanalysis vari-
bility and, in particular, the over-time stability of
lood specimens collected for the identification of
lood doping through indirect models or the diagnosis
nd monitoring of hematologic and nonhematologic
isorders.10,11 For this reason, we compared hemato-
ogic counts and additional parameters in blood speci-
ens analyzed within 2 hours of collection and after 24

ours’ storage at 4°C.

ETHODS

Study design. The original study population consisted of
5 professional male road cyclists, referred to our center for
nternational Cycling Union scheduled laboratory testing.

he research was carried out in accordance with the princi- M
les of the Declaration of Helsinki; the study protocol was
eviewed and approved by the ethics committee of our de-
artment, and informed consent for testing was received from
ll individuals included in this study. Samples were collected
n the morning after the subjects had fasted. Blood was
ollected in 3.0-mL siliconized vacuum tubes containing K2
DTA (Becton-Dickinson, Oxford, UK). The first measure-
ent was performed within 2 hours of venipuncture (sample
); the specimens were retested with the use of the same

nalyzer after 24 hours’ storage at 4° C (sample B).
Laboratory analysis. We assayed hemoglobin, hematocrit,

BC count, MCV, platelet count, MPV, WBC count, and dif-
erential using the Advia 120 (Bayer Diagnostics, Newbury,
erkshire, UK) automated hematology analyzer. Additional
easurements included the percentage of reticulocytes and the

RF. Calculated indexes were hematocrit, MCH, absolute reticu-
ocyte count (RBCs � percentage of reticulocytes) and mean
eticulocyte hemoglobin content (reticulocyte mean corpuscular
olume � mean reticulocyte hemoglobin concentration).

The principles of the Advia 120 are photometric measure-
ent for hemoglobin, optical laser-light scattering for cell

numeration, myeloperoxidase staining coupled with flow
ytometry–nuclear lobularity analysis for WBC differential,
ow cytometry, and laser diffraction for RBC and platelet
ounts. We quantified the WBC differential by staining the
BCs with peroxidase and separating them on the basis of

heir size and intensity of peroxidase staining. The leukocytes
re separated into 5 main cell clusters, corresponding to
eutrophils, eosinophils, lymphocytes, monocytes, and large
nstained cells. Basophils are counted separately in a differ-
nt (basophil) channel because they do not stain with perox-
dase. The reticulocyte technology used by the Advia 120 is
ased on that of the RBC method, employing the Mie theory
f light scatter, with the addition of a nucleic-acid fluorescent
ye. The cells are isovolumetrically sphered, stained, and
ubsequently analyzed with the use of the laser optical as-
embly. Cell volume is plotted on the vertical axis, increasing
bsorption on the horizontal axis. The more staining in the
ell, the farther along the axis from left to right it appears. The
hreshold between mature RBCs and reticulocytes is obtained
hrough statistical analysis. The reticulocyte population is
hen classified into populations of low, medium, and high
bsorption. The analysis is performed on approximately
0,000 RBCs, providing both an absolute reticulocyte count
nd a percent reticulocyte figure. The CHr is determined from
easurements of light scatter at 2 different angles after iso-

olumetric sphering of oxazine 750–stained reticulocytes.
rom the amount of light scattered at the 2 different angles,

he hemoglobin concentration and cellular volume of individ-
al reticulocytes are independently determined. The instru-
ent was calibrated against appropriate reference standard
aterial and controlled daily with the use of proprietary

ontrols.
Statistical analysis. The precision between batches of the

dvia 120 for the hematologic parameters in blood specimens
f nonhuman (canine) origin showed a high precision for the
BC count and the RBC parameters (RBC, hemoglobin,

CV, MCH), with coefficients of variation of less than 2%.12
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recent multicenter evaluation of the within-run precision of
he Advia 2120 system, which employs technology identical
o that of the Advia 120 analyzer, yielded coefficients of
ariation ranging from 1.6% to 2.3% for WBC, 2.1% to 2.8%
or platelets, 0.6% to 0.9% for RBCs, 6.4% to 7.9% for
ercent reticulocytes, and always lower than 0.7% for hemo-
lobin, MCV, and MCH.13

We evaluated differences in measurements between samples
and B using either Student’s t test or the nonparametric

ilcoxon test. Differences in the WBC differential, IRF, and
ercent macrocytes were assessed with the use of the �2 test. We
onsidered P values of less than .05 statistically significant.
land-Altman plots and limits-of-agreement analysis were used

o compare the results of the independent measurements in
amples A and B; plot differences were finally reported as
ercentage of averages.

ESULTS

Basic results of our evaluation are presented in Table I.
f the 21 hematologic parameters tested, means for paired

amples of specimens significantly differed over the 24-
our storage period for hematocrit, MCV, percent macro-
ytes, platelets, MPV, reticulocytes count and percentage,
nd CHr (all P � .01). Bland-Altman plots and limits-of-
greement analysis showed mean biases of �4.8% and
7.2% and relative coefficients of variations ranging from

able I. Statistical analysis of hematologic testing

arameter Sample A Sample B

BC count (103 �L) 6.17 � 1.13 6.22 � 1.15
BC count (106 �L) 4.93 � 0.28 4.92 � 0.28
ematocrit (%) 44.4 � 2.2 44.8 � 2.3 �
emoglobin (g/dL) 15.2 � 0.9 15.1 � 0.9
CV (fL) 90.2 � 3.5 91.2 � 3.5 �
ain hemoglobin content (pg) 30.8 � 1.2 30.9 � 1.1
acrocytes (%) 0.88 � 0.86 1.14 � 1.10 �
latelet count (108 �L) 246 � 35 260 � 38 �
ean platelet volume (fL) 7.7 � 0.8 8.5 � 0.8 �
eticulocyte count (109 �L) 78.7 � 15.4 75.4 � 16.7 �
eticulocytes (%) 1.6 � 0.3 1.5 � 0.3 �
eticulocyte hemoglobin content 32.9 � 1.0 32.4 � 1.0 �
BC differential
Neutrophytes (%) 45.7 � 4.9 46.7 � 4.9
Lymphocytes (%) 41.7 � 4.9 40.6 � 4.9
Monocytes (%) 6.0 � 1.1 6.2 � 1.1
Eosinophils (%) 3.3 � 1.8 3.1 � 1.5
Basophils (%) 0.7 � 0.3 0.8 � 0.4
Large unstained cells (%) 2.6 � 0.6 2.6 � 0.6

RFs
L-RTC (%) 84.4 � 3.3 83.3 � 3.0
M-RTC (%) 12.9 � 2.4 13.4 � 2.1
H-RTC (%) 2.7 � 1.5 3.7 � 1.3

ata expressed as mean � SD. The difference between samples A
ilcoxon test when appropriate. Mean differences between sam

ariation and relative Bland-Altman 95% coefficient of interval lim
uality specifications for desirable bias derived from biologic varia
.4% to 32.7%. However, the 95% agreement interval in A
he set of differences was satisfactory and always fell
ithin the current analytical quality specifications for de-

irable bias, when available.14 No significant changes
ere observed over the 24-hour storage period in the other

onventional parameters tested, in the WBC differential,
r in the IRF. The imprecision, as expressed by the rela-
ive coefficients of variation of measured analytes be-
ween individual samples A and B was overall modest and
linically acceptable, with few exceptions.
Although the statistical analysis yielded satisfactory re-

ults for most analytes tested, the clinical acceptability
as lower for the percent macrocytes. Because of the lack
f a definitive desirable bias for this novel parameter, the
nterpretation of the clinical significance of this variation
s a matter of controversy. However, both the overall bias
28.7%) and the coefficient of variation (21.2%) were
nalytically concerning and yet consistently over the
1.2% desirable bias indicated for the mostly related
easure (MCV).14 A considerable shift from the rela-

ive desirable bias was also observed for the high stain-
ng intensity fraction (H-RTC).

ISCUSSION

Current strategies adopted by the World Anti-Doping

esirable
bias

%bias (95% confidence limits of
agreement)

Mean coefficient
of variation (%)

�5.6% �0.8% (�3.2–4.7%) 1.1
�1.7% �0.1% (�1.5–1.7%) 0.4
�1.7% �0.9% (�0.7–2.5%) 0.7
�1.8% �0.5% (�2.2–1.3%) 0.6
�1.2% �1.0% (0.2–1.8%) 0.8
�1.4% �0.5% (�1.5–2.4%) 0.7

Not �28.7% (�6.8–64.2%) 21.2
�5.9% �5.9 (�0.9–12.7%) 4.1
�2.3% �9.9% (4.2–15.6%) 6.9
�7.8% �4.8% (�20.5–10.8%) 4.8
�7.8% �4.8% (�20.3–10.8%) 4.8

Not �1.5% (�2.8–�0.1%) 1.0

�9.1% �2.1% (�2.1–6.2%) 1.8
�7.4% �2.7% (�8.0–2.5%) 2.3
�13.2% �4.6% (�20.1–29.3%) 7.5
�19.8% �6.1% (�31.6–19.4%) 8.4
�15.4% �11.7% (�29.2–52.5%) 13.9

Not �2.1% (�26.0–30.1%) 7.4

�1.3% �.1% (�7.7–5.4%) 1.9
�8.9% �3.6% (�25.7–32.8%) 8.4
�15.7% �37.2% (�50.4–125%) 32.7

as evaluated with the use of Student’s t test or the nonparametric
nd B are shown as absolute and percentage bias, coefficient of
eement. Values are finally compared with the current analytical
P
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ffective tool for detecting and deterring blood doping.
n response to questions concerning the accuracy of
emoglobin and hematocrit limits alone, novel and
ore complex diagnostic strategies were developed and

ow represent a significant paradigm shift from stan-
ard doping control protocols. Athletes showing signs
f abnormal erythropoiesis on antidoping testing are
ot allowed to compete, at least until these more com-
rehensive systems of focused investigation are
rought into play. These novel screening protocols,
ainly based on the Advia 120 hematologic analyzer,

ndicate accelerated erythropoiesis and identify indica-
ors of the use of hemoglobin-based oxygen carriers, as
ell as transfusions, by detecting both high reticulocyte

ounts and percentages, in addition to reticulocyte size
nd hemoglobin content. Peculiarly, these models in-
orporate combinations of the variables reticulocyte
ematocrit, serum erythropoietin, serum transferrin re-
eptor, hematocrit, and percent macrophages. With the
se of logistic regression analysis, the model currently
n use is effective in identifying 94% to 100% of
urrent users of recombinant human erythropoietin.
he alternative recently discontinued model, which re-

ies only on reticulocyte hematocrit, serum erythropoi-
tin, and hematocrit, permits identification of 67% to
2% of users several weeks afterward, with 100%
pecificity. At variance with the model currently in use,
his latter mathematical function reflects depressed
rythropoiesis, as indicated by low reticulocyte hemat-
crit and erythropoietin counterbalanced by high he-
atocrit.7

Such a revolutionary approach is less time-consum-
ng, relatively inexpensive, and permits better use of
unds spent on antidoping efforts. However, it requires
rigorous preanalysis approach and an absolute fulfill-
ent of the requisites of good laboratory practice.
pecimen collection, transport and storage are major
eterminants of the preanalytical variability and might
nfluence the accuracy and precision of laboratory test-
ng, as the greatest part of laboratory errors occurs
ithin the preanalytical phase.10,11

Sample storage may be particularly critical, espe-
ially when blood specimens cannot be analyzed im-
ediately or when retesting is required. This is partic-

larly true of samples collected during antidoping
ampaigns by the World Anti-Doping Agency and
ther sports organizations because blood specimens
ay be shipped for some distance to an accredited

aboratory or because otherwise approved and repeated
aboratory measures are mandatory in case of doubt or
ositive results on the first testing.
Although some parameters may be more stable or

ven more variable at 22°C,15 we planned this study to

erify the reliability and suitability of antidoping test- c
ng in blood specimens stored for as long as 24 hours at
°C. In this context, we provide additional information
n the stability of a wide series of additional hemato-
ogic parameters, which have become cornerstones in
aboratory hematology and are widely used for the
iagnosis and monitoring of hematologic and nonhe-
atologic disorders.11,16 –19 Delayed sample analysis is

ot rare in clinical or laboratory routine, especially
hen blood samples are shipped, under poorly con-

rolled conditions, to distant centralized laboratories,
hen the analysis cannot be performed on the speci-
en’s arrival, or when retesting is appropriate (eg,
hen replacing a recognized laboratory error or sup-
lementing an out-of-specification result that could not
e conclusively explained).20

Consistent with earlier data, some of the traditional
ematologic parameters may be analyzed in blood sam-
les stored at 4°C for as long as 24 hours after collec-
ion because most changes are predictable, analytically
cceptable, and clinically negligible (Table I, Figs 1
nd 2). However, at variance with the data provided by
 recent evaluation on the Advia 2120 analyzer,15 this
ppears more questionable for additional parameters,
amely hematocrit, MCV, macrocyte percentage, re-
iculocyte count, IRF, CHr, and MPV, some of which
re included within current strategies for the differential
iagnosis of anemias, for the identification of blood
oping, or the monitoring of erythropoietin therapy.21

ost reported changes arose from the decrease in mem-
rane resistance and to the following increase in cells
ermeability to small solute molecules during in vitro
torage, which induces erythrocytes swelling in a time-
nd temperature-dependent fashion. It has been re-
orted that MCV, from which hematocrit is calculated,
s stable for 24 hours when a blood sample is refriger-
ted.22

However, in agreement with other reports,23,24 we
bserved a significant MCV increase over the 24-hour
torage time, resulting in increases in calculated hemat-
crit by as much as 2.5%. Conversely, hemoglobin
emained mostly unchanged in blood specimens stored
or the same length of time under the same conditions.
he concomitant increases in both MCV and MPV
bserved in our study are the most likely reason for
eviation of both erythrocyte and platelet size, causing
isclassification of RBC microcytosis as normocytosis

r normocytosis as macrocytosis and finally explaining
he considerable increase observed in the macrocyte
ercentage.
Previous studies have demonstrated that refrigerated

torage improves the stability of both complete blood
ell count and automated 5-part WBC differential, as
etermined on the basis of the principles of absorbance

ytochemistry and focused flow impedance.25–27 Taken
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Fig 1. Bland-Altman plots for WBC count, RBC count, hemoglobin, hematocrit, MCV, MHC, and percentage
of macrocytes in blood specimens (n � 25) analyzed within 2 hours of venipuncture (sample A) and retested with
the use of the same analyzer after 24 hours’ storage at 4°C (sample B). Plot differences are expressed as

percentages of means.
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ogether, results of our investigation support this evi-
ence, though we evaluated WBC differential with the
se of a unique analytic technique (a combination of
ytochemical light-scatter and light-absorption proper-
ies after peroxidase staining), which is being proposed
s the gold standard for differential testing.
Similar considerations emerged from the evaluation

f the IRF. The IFR, a cost-effective measurement of
rythropoietic activity, expresses the number of the
ost immature reticulocytes as a proportion of all re-

iculocytes and is probably one of the most underused
et clinically beneficial parameters that high-end hema-
ology analyzers can provide.18,28 Although the Advia
20 was proved the more consistent hematologic ana-
yzer for automated and simultaneous reticulocyte
ounting and IRF measurement, little information is
vailable on the stability over time of these parame-
ers.15,29 Results from our investigation demonstrated
hat although the absolute and percentage reticulocyte
ata showed significant decreases (�4.8%), though
ontained within the desirable bias and thus clinically

Fig 2. Bland-Altman plots for platelet count, main
hemoglobin content in blood specimens (n � 25)
retested with the use of the same analyzer after
expressed as percentages of means.
cceptable,14 the IFR appears relatively more stable. In m
act, the overall distribution of IRF did differ signifi-
antly on �2 analysis after the 24-hour storage (signif-
cant variations were recorded in only 1 of the 25
pecimens analyzed). However, a notable deviation
rom the baseline measure was observed for H-RTC,
hose increase (�37.2%) and relative coefficient of
ariation (32.7%) both exceeded the analytical quality
pecifications for desirable bias (�15.7%).14 Serious
oncerns have been raised about the reliability of the
RF assay, which is usually carried out with the use of
very small number of cells. Additionally, the arbitrary
ating area is susceptible to interference by other cel-
ular blood elements and nucleic-acid cellular inclusion
nucleated erythrocytes, erythrocytes with malaria par-
sites, Howell-Jolly bodies) that might generate an ar-
ificially high estimate of IRF.30 The RMI is based on
he arbitrary division of reticulocyte count within 3
ractions of staining intensity; the vast majority of
eticulocytes usually reside in the low staining intensity
raction. Conversely, the number of cells falling within
he high staining intensity fraction, which indicates the

volume, reticulocyte count, and main reticulocyte
within 2 hours of venipuncture (sample A) and
storage at 4°C (sample B). Plot differences are
platelet
analyzed

24 hours’
ore oxazine 750–stained reticulocytes, usually ac-
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ounts for less than 3% or 4%. The substantial increase
n the high staining intensity fraction observed after 24
ours’ storage is consistent with an artificially high
stimate as a result of interference, likely arising from
ged leukocytes or platelets.30

One additional value of clinical relevance is the
uantification of the CHr, a patented feature of the
ayer Advia 120. CHr gives the hemoglobin content of

eticulocytes in picograms per cell, calculated from
irect measurements of volume and hemoglobin con-
entration of individual reticulocytes.30,31 Because the
eticulocyte count reflects the functional state of the
one marrow in the preceding 4 or 5 days, CHr gives a
uch closer reflection than MCH of the real-time bal-

nce between iron and erythropoiesis. CHr has proved
seful in a variety of conditions, including pediatric
nemia and after therapy with recombinant human
rythropoietin.31 Though statistically significant, the
bserved decrease of CHr in aged samples (�1.5%) is
oderate.
A certain amount of bias in laboratory testing is

navoidable.10 We provide further evidence that an
nstandardized approach to the measurement of hema-
ologic variables in both patients’ and athletes’ speci-
ens may be misleading because it may generate in-

ccurate data on their hematologic parameters and
ealth that cannot be used as a basis for a hematologic
assport to track doping status or health changes over
ime.32,33 Because most changes were observed in pa-
ameters associated with cell volumes, we further sup-
ort the suggestion of replacing the measurement of
ematocrit with hemoglobin in screening strategies to
dentify blood doping. We conclude that the desirable
pproach to measure hematologic parameters is a
imely processing of blood samples; when this option is
navailable, the most suitable alternative is sample
torage under refrigeration, excluding those parameters
ore sensitive to the aging of the specimens.

We thank Miss Enis Padovani for her skilled technical assistance.
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aboratory testing for the antibodies that cause
eparin-induced thrombocytopenia: How much class
o we need?

HEODORE E. WARKENTIN, JO-ANN I. SHEPPARD, JANE C. MOORE, KATHLEEN M. MOORE,
HRISTOPHER S. SIGOUIN, and JOHN G. KELTON

AMILTON, ONTARIO, CANADA

Heparin-induced thrombocytopenia (HIT) is usually caused by platelet-activating
antibodies of immunoglobulin G class that recognize platelet factor-4 (PF4) bound
to heparin or certain other polyanions. Commercial enzyme immunoassays (EIAs)
for PF4/polyanion-reactive antibodies detect two immunoglobulin classes (IgA and
IgM) besides IgG. To investigate whether the additional detection of these antibody
classes improves or worsens assay operating characteristics, we compared the
sensitivity and specificity of EIAs that detect these 3 immunoglobulin classes indi-
vidually with that of a commercial EIA (Genetic Testing Institute, GTI), as well as a
platelet-activation assay, the serotonin-release assay (SRA). We compared the
operating characteristics of these 5 assays by evaluating 448 patients, in 14 of
whom clinical HIT developed, who received either unfractionated or low molecular
weight heparin in prospective studies that included systematic platelet-count mon-
itoring and serologic evaluation for anti-PF4/polyanion antibodies. We found that
the SRA and IgG and commercial EIAs had similar high sensitivity for HIT; however,
diagnostic specificity (for unfractionated and low molecular weight heparin, re-
spectively) varied considerably, as follows: SRA (95.1%, 97.2%) > IgG EIA (89.0%,
93.7%) > GTI EIA (74.2%, 87.6%). Additional detection of IgA and IgM antibodies by
the GTI EIA worsened test specificity by detecting numerous nonpathogenic anti-
bodies. Moreover, the frequency and magnitude of IgA and IgM antibody formation
in non-HIT immune responses did not differ from that exhibited by patients in whom
clinical HIT developed. We conclude that an EIA that detects anti-PF4/polyanion
antibodies of only the IgG class has greater diagnostic usefulness in revealing
clinical HIT than does an assay that also detects IgA and IgM class antibodies. (J
Lab Clin Med 2005;146:341–6)

Abbreviations: EIA � enzyme immunoassay; GTI � Genetic Testing Institute; HIT � heparin-
induced thrombocytopenia; LMWH � low molecular weight heparin; OD � optical density;
PF4 � platelet factor-4; ROC � receiver-operating characteristic; SRA � serotonin-release

assay; UFH � unfractionated heparin
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eparin-induced thrombocytopenia is an adverse
drug reaction caused by platelet-activating an-
tibodies that are produced as a result of heparin

herapy.1,2 Its clinical importance results from the com-
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re often accompanied by venous or arterial thrombo-
is.3 In most cases, HIT is caused by platelet-activating
ntibodies of the IgG class that recognize multimolecu-
ar complexes of PF4 and heparin.4–8

Testing for “HIT antibodies” is important in patients
ith clinically suspected HIT. Indeed, HIT may be

egarded as a clinicopathologic syndrome; that is, the
iagnosis rests on having a compatible clinical picture,
ost often an otherwise unexplained platelet-count de-

rease that bears a temporal relationship to the use of
eparin, and positive results on testing for PF4/heparin
or PF4/polyanion)-reactive antibodies.9–11 Commer-
ial solid-phase EIAs can detect PF4/polyanion-reac-
ive antibodies of the IgG, IgM, and IgA classes.12,13

owever, current dogma holds that the great majority
f patients with HIT have platelet-activating antibodies
f the IgG class, although 1 previous report14 has
uggested that IgA and IgM antibodies are capable of
ausing HIT. It remains uncertain whether the ability to
etect PF4/heparin-reactive antibodies of the IgM and
gA classes improves assay operating characteristics
perhaps because these antibodies correlate with patho-
enic platelet-activating HIT IgG) or worsens operating
haracteristics (perhaps by detecting numerous non-
athogenic IgA and IgM antibodies).
To address this issue, we capitalized on the availabil-

ty of archived blood samples collected from 448 pa-
ients during prospective clinical studies of UFH or
MWH given as antithrombotic prophylaxis after hip-

eplacement surgery. The availability of these blood
amples allowed us to compare the PF4/polyanion-
eactive Ig classes in patients in whom HIT developed
ith those in patients whose bodies mounted a non-HIT

mmune response against PF4/polyanion. We compared
he operating characteristics of these assays, assessing
heir sensitivity and specificity for HIT at conventional
iagnostic cutoffs between positive and negative re-
ults, as well as at various other diagnostic cutoffs.
urther, we compared the frequency and magnitude of

he IgG, IgA, and IgM anti-PF4/heparin immune re-
ponses in patients who developed either an HIT or
on-HIT immune response. We reasoned that if non-
athogenic IgA and IgM antibodies correlated with an
mmune response associated with clinical HIT, the in-
lusion of these 2 antibody classes in diagnostic testing
ight improve operating characteristics compared with

etection of IgG antibodies alone, even if they did not
hemselves cause HIT.

ETHODS

Patients. We evaluated a prospective cohort consisting of
48 patients who received UFH or LMWH as antithrombotic
rophylaxis after primary hip arthroplasty surgery and from

hom at least 1 archived blood samples was available from u
ostoperative day 7 or later. All patients underwent daily
latelet-count testing until postoperative day 14 or discharge.
hese 448 patients were identified from 2 prospective studies
f heparin therapy after orthopedic surgery: 1 study com-
rised 362 patients (within a clinical trial of 665 patients15,16)
ho had been randomized to receive either UFH (Calci-
arine; Laboratoires Anglo-French, Dorval, Quebec) or the
MWH enoxaparin (Lovenox; Sanofi-Aventis, Montreal,
uebec), 30 mg twice daily by way of subcutaneous injec-

ion. Within this 362-patient subgroup, 192 patients received
FH and 170 received LMWH. The second study consisted
f a prospective cohort of 86 patients who received LMWH
rophylaxis, either enoxaparin (n � 25) or dalteparin (Frag-
in; Pharmacia, Mississauga, Ontario, Canada), 3000 U

wice daily by way of subcutaneous injection (n � 61).
ecause the frequency of anti-PF4/heparin antibody forma-

ion differs significantly between UFH and LMWH, we made
n a priori decision to analyze the patients given UFH sepa-
ately from those given LMWH (combining the patient
roups receiving the 2 preparations of LMWH). The research
as carried out in accordance with the principles of the Decla-

ation of Helsinki. All patients provided written, signed consent,
nd the study protocols were approved by the local investiga-
ional review boards of each of the participating hospitals.

For the study reported here, we only evaluated those sera
btained on postoperative day 7 or later because blood sam-
les obtained earlier were judged to be relatively noninfor-
ative with regard to the formation of PF4/polyanion-reac-

ive antibodies. We have previously published results of
elected serologic studies (including the SRA and IgG EIA)
rom these prospective cohorts.15–17 However, in this report
e include for the first time our analyses of the IgA and IgM

ntibody classes, as well as that of a commercial EIA that
etects all three Ig classes.

Definition of HIT and non-HIT immune response. We de-
ned clinical HIT as a 50% or greater decrease in platelet
ount beginning on or after day 5 of heparin therapy, without
ther apparent cause, and recovery in platelet count on ces-
ation of heparin therapy.16 We defined a non-HIT immune
esponse as a patient who tested positive on the commercial
IA but in whom clinical HIT did not develop. We subdi-
ided patients with non-HIT immune responses into those
ith and without positive results of testing for platelet-acti-
ating HIT antibodies, as described below.

Platelet SRA. We used the platelet SRA to determine the
resence of platelet-activating HIT IgG antibodies, as de-
cribed earlier.18,19 The SRA result was considered positive if
he sample caused greater than 20% serotonin release at a
osage of 0.1 U/mL heparin, less than 20% serotonin release
t a dosage of 100 U/mL heparin, and less than 20% serotonin
elease at a dosage of 0.1 U/mL heparin in the presence of Fc
eceptor–blocking monoclonal antibody.

PF4/polyanion EIAs. We used a commercial EIA available
rom Genetics Testing Institute (Waukesha, Wis) in accor-
ance with the manufacturer’s instructions. A sample was
onsidered positive if the OD was greater than 0.40 and could
e inhibited more than 50% with 100 IU/mL UFH. We also

sed an “in-house” EIA17,20, modified so as to detect indi-
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idually the presence of PF4/heparin-reactive IgG, IgA, and
gM antibodies.

ROC-curve analyses. We calculated ROC curves com-
aring the 5 assays for the detection of clinical HIT in the
sual way.21 We calculated ROC curves separately for the
atients who received UFH and LMWH because of the dif-
erences in the frequency of antibody formation between
hese groups.

Statistics. Categorical data were analyzed with the use of
isher’s exact test (2-tailed). The nonparametric Mann-Whit-
ey U-test (2-sided) was used to compare HIT and the non-
IT immune response because the data were not normally
istributed. Specificity for clinical HIT among different as-
ays was compared with the use of a 2-sample test for
orrelated binary responses.

ESULTS

Table I summarizes the results of 5 different assays
or PF4/polyanion-reactive antibodies among 448 pa-
ients who received either UFH or LMWH for at least

days in prospective studies, in 14 of whom clinical
IT developed. In addition, Table I shows the numbers
f patients who tested positive on these assays despite
heir not evincing clinical HIT (and thus permitting
ssessment of test specificity). Test specificity is shown
eparately for patients receiving UFH and LMWH, as
re the results of tests for the statistical significance of
ifferences in specificity for the 3 most sensitive
ssays.
The data in Table I indicate that 3 of the assays for

able 1. Sensitivity and specificity of HIT assays (at c

ssay

Median (IQR) in
14 patients with

clinical HIT

Sensitivity
(positive

results with
clinical HIT)

RA 97.5 (91.2–99.0) 14/14 (100%)
IA-IgG 1.84 (1.48–2.16) 14/14 (100%)
IA-GTI 1.80 (1.35–2.11) 14/14 (100%)
IA-IgA 0.40 (0.25–0.82) 6/14 (42.9%)
IA-IgM 0.31 (0.25–0.44) 3/14 (21.4%)

Insufficient volumes precluded testing of 5 patients in certain ass
values for comparing specificity were calculated with the use of

andomized to receive either UFH or LMWH,16 significantly more 
eactive antibodies, regardless of the assay performed, as follows
gG EIA 30/192 (15.6%) vs 11/170 (6.5%), P � .0074; and GTI EIA, 56
F4/polyanion-reactive antibodies have high sensitivity p
or HIT: the SRA, the IgG EIA, and the GTI EIA. All
4 patients with HIT had positive results with these
ssays (100% sensitivity). In contrast, the IgA and IgM
IAs demonstrated positive results in only a minority
f the patients with HIT (42.9% and 21.4%, respec-
ively).

Despite these assays’ similar high sensitivities, how-
ver, the specificities (using the conventional cutoffs
etween a positive and a negative test result) differed
onsiderably. The greatest specificity, observed with
he SRA, ranged from 95.1% to 97.2% for UFH-treated
nd LMWH-treated patients, respectively. The lowest
pecificity, observed with the GTI EIA, ranged from
4.2% to 87.6% for UFH- and LMWH-treated patients,
espectively. Intermediate specificity values (89.0 and
3.7%) were observed with the IgG EIA. These differ-
nces in specificity among the 3 assays were statisti-
ally significant, both for the UFH-treated and LMWH-
reated patients (Table I).

The additional detection of anti-PF4/polyanion anti-
odies of the IgM and IgA classes was an important
actor explaining the reduced diagnostic specificity of
he GTI EIA. Of the 49 patients who tested positive on
he GTI EIA but negative on the IgG EIA, 30 (61.2%)
ad detectable anti-PF4/heparin antibodies: IgA (n �
6), IgM (n � 13), or both (n � 1). The remaining 19
atients who tested positive on the GTI EIA but nega-
ive on the IgG EIA and in whom no IgM or IgA
ntibodies were detected generally tested only weakly

tional cutoffs)

ve test
clinical
IT

Specificity
(negative test in

UFH-treated
patients without

clinical HIT)

Specificity
(negative test in
LMWH-treated

patients without
clinical HIT)

(3.7%) 173/182 (95.1%) 245/252 (97.2%)
(8.3%) 162/182 (89.0%) 236/252 (93.7%)
(17.9%) 132/178* (74.2%) 220/251* (87.6%)
(9.6%) 150/178* (84.3%) 238/251* (94.8%)
(9.6%) 153/178* (86.0%) 235/251* (93.6%)

P values for
specificity (UFH-
treated patients)

P values for
specificity (LMWH-
treated patients)

EIA-IgG 0.00847 0.00058
ELA-GTI �0.0001 �0.0001
vs EIA-Ig �0.0001 0.00012

the UFH-treated group, 1 in the LMWH-treated group).
ple test for correlated binary responses. Among the 362 patients

ed patients than LMWH-treated patients formed PF4/polyanion-
n as UFH vs LMWH): SRA, 19/192 (9.9%) vs 5/170 (2.9%), P � .0100;

.8%) vs 26/169 (15.4%), P � .0015.
onven

Positi
without

H

16/434
36/434

77/429*
41/429*
41/429*

SRA vs
SRA vs
EIA-GTI

ays (4 in
the 2-sam

UFH-treat
ositive on the GTI EIA, with median (interquartile
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ange) adsorbance (units) significantly less than that in
he 30 patients in whom IgA or IgM class antibodies
ere detected: 0.52 (0.48, 0.78) versus 0.68 (0.56, 1.01)

P � .048). The inability of the in-house assay to detect
gM or IgA antibodies (or both) in these 19 patients
ay reflect low antibody levels or may indicate differ-

nces in anti-PF4/polyanion antibody binding to the
lightly different antigen complexes used in the in-
ouse and commercial assays (PF4/heparin and PF4/
olyvinylsulfonate, respectively).
Fig 1 shows the ROC curves for the 5 assays for

F4/polyanion-reactive antibodies. Consistent with the
ata shown in Table I, the best operating characteristics
ie, sensitivity-specificity tradeoff for a given cutoff
etween a positive and a negative result) were evident

ig 1. Comparisons of ROC curves among the 5 different assays for
nti-PF4/polyanion antibodies. Top, UFH-treated patients (n � 192).
ottom, LMWH-treated patients (n � 256). The sensitivity-specific-

ty tradeoffs at different diagnostic cutoffs for clinical HIT are shown.
or the SRA, the points represents stepwise 10% changes in percent
erotonin release. For the IgG and GTI EIAs, the points represent
tepwise 0.20 units of optical density, except for the point labeled
0.45” which represents the usual diagnostic cutoff for the 3 EIAs
hown (IgG EIA, IgA EIA, IgM EIA). For both UFH- and LMWH-
reated patients, the ROC curves show that the operating character-
stics rank as follows for the diagnosis of clinical HIT: SRA � IgG
IA � GTI EIA � IgA EIA � IgM EIA.
or the SRA, with the IgG and GTI EIAs showing less E
avorable results. Poor operating characteristics were
vident for the IgA and IgM EIAs.
In Fig 2 we compare the results of the 3 sensitive

ssays (SRA, IgG EIA, and GTI EIA) in 3 groups of
atients: clinical HIT (n � 14), platelet-activating non-
IT immune response (n � 16), and non–platelet-

ctivating non-HIT immune response (n � 61). For
ach assay, significantly greater reactivity was seen in
he patients with clinical HIT compared with the pa-
ients who mounted a non-HIT immune response.

In Fig 3 we compare the results of the IgA and IgM

ig 2. Comparison of the magnitude of the immune response
etween patients with clinical HIT (n � 14) and non-HIT immune
esponses (n � 77) for 3 sensitive assays for HIT antibodies (SRA,
gG EIA, GTI EIA). The non-HIT immune response, defined as a
atient’s testing positive on the GTI EIA but not exhibiting clinical
IT, is subdivided into platelet-activating (n � 16) and non–platelet-

ctivating (n � 61) responses. Reactivity was significantly greater
mong patients with clinical HIT than in those with non-HIT immune
esponses for all 3 assays. The dotted line indicates the usual diag-
ostic cutoff for each of the 3 assays. The box shows the median
horizontal line within box), and the first (bottom of box) and third
top of box) quartiles. � � mean value. The upper and lower bars
ndicate the maximum and minimum observations within 1.5 times
he interquartile range (distance between the first and third quartiles).
ircles denote outliers beyond the upper and lower bars.
IAs in the same 3 groups of patients (clinical HIT,
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latelet-activating non-HIT immune response, and
on–platelet-activating non-HIT immune response).
e noted no significant differences between the HIT

mmune response and the non-HIT immune response.

ISCUSSION

Whether HIT is caused by PF4/heparin antibodies of
he IgM and IgA classes is a matter of controversy.8,9,14

lthough this has been suggested in small case series,14

nsufficient clinical details were provided to be able to
etermine the likelihood that the patients in question
eally had HIT. The relatively high frequency of for-
ation of IgA or IgM antibodies (or both) without IgG

ntibodies in a patient given UFH in our study (38 of
92, 19.79%) suggests that even if these antibodies
hemselves were not pathogenic, there would still be a
easonably high chance of detecting them in a patient in
hom thrombocytopenia developed as the result of

ig 3. Comparison of the magnitude of the immune response
etween patients with clinical HIT (n � 14) and those with non-HIT
mmune responses (n � 77) for 2 insensitive assays for HIT anti-
odies (IgA and IgM EIAs). The non-HIT immune response is
ubdivided into platelet-activating (n � 16) and non–platelet-activat-
ng (n � 61) responses. No significant differences were seen between
atients with HIT and non-HIT immune responses on these 2 assays.
he dotted line indicates the usual diagnostic cutoff for each of the 3
ssays. See legend to Fig 2 for an explanation of the box plots.
nother cause (eg, sepsis), with the potential for the n
latelet-count decline to be incorrectly attributed to
hese nonpathogenic antibodies.

Because it is not possible to prove that HIT can never
ccur with IgM and IgA class antibodies, we ap-
roached this issue from another perspective: HIT-
ssay operating characteristics. We used stored blood
amples from patients who underwent systematic plate-
et count and serologic assessments for HIT to deter-
ine whether PF4/heparin-reactive IgA or IgM anti-

odies correlated with an immune response observed in
patient with HIT, compared with a non-HIT immune

esponse. We reasoned that regardless of whether IgM
r IgA antibodies “caused” HIT, it would be important
o determine whether detecting their presence improved
r worsened the operating characteristics of the assay.
o do this, we compared the results of a commercial
IA that detects anti-PF4/polyanion antibodies of all 3
ajor classes with our in-house assay that detects in-

ividually antibodies of the 3 major classes.
We found that 3 assays—the SRA, the IgG EIA

in-house EIA), and the GTI EIA (commercial EIA)—
ll had high sensitivity for HIT. Further, patients with
linical HIT generally tested strongly positive on these
ssays. For example, 12 of the 14 patients with clinical
IT (85.7%) demonstrated serotonin release greater

han 80%, and 13 of the 14 (92.9%) had OD readings
reater than 1.0 units on either (or both) the IgG EIA or
he GTI EIA. These data are consistent with a recent
eport by Zwicker and colleagues22 indicating that pa-
ients with “strong” OD values on the EIA (�1.0 units)
re more likely to exhibit a clinical profile consistent
ith clinical HIT than patients who test weakly posi-

ive(�1.0 units).
Despite the uniformly high sensitivity of these 3

ssays, however, their specificity for clinical HIT var-
ed considerably, ranging from a high of 97.2% for the
RA in patients receiving LMWH to a low of 74.2%
or the GTI EIA in patients receiving UFH. For these 3
ssays, regardless of whether patients received UFH or
MWH, the specificity was greatest for the SRA, in-

ermediate for the IgG EIA, and least for the GTI EIA.
tatistical comparison of the specificities of these 3
ssays, for both the UFH- and LMWH-treated patients,
howed that the SRA was significantly more specific
or the diagnosis of clinical HIT than the IgG EIA,
hich in turn was significantly more specific than the
TI EIA (Table I).
Our comparison of the anti-PF4/heparin immune re-

ponse of the IgA and IgM antibodies provides insight
nto why the 2 assays that detect IgG antibodies (SRA
nd IgG EIA) had superior operating characteristics.
e found that the frequency (Table I) and magnitude

Fig 3) of the HIT and non-HIT immune responses did

ot differ with respect to IgM and IgA antibodies. In
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ontrast, for those assays that did detect IgG antibodies
SRA, IgG EIA, GTI EIA), there was consistently
reater reactivity among patients with clinical HIT than
n patients with non-HIT immune responses (Fig 2).

Our study suggests that diagnostic testing for HIT by
eans of EIA has the potential for considerable im-

rovement through the use of assays that only detect
gG antibodies. This finding is also consistent with a
eport by Lindhoff-Last and colleagues.8 Although
hese investigators studied different groups of patients
namely, patients referred for diagnostic testing for
IT, post–vascular surgery patients without thrombo-

ytopenia, patients with apparent non-HIT thrombocy-
openia but positive on in vitro testing for anti-PF4/
eparin antibodies), they concluded that diagnostic
pecificity was greatly increased when testing was re-
tricted to IgG antibodies. In our study, we evaluated
atients who participated in clinical trials of heparin
herapy after orthopedic surgery, regardless of whether
hrombocytopenia developed. Using the GTI EIA, we
ound that approximately 25% of patients who received
FH after orthopedic surgery formed anti-PF4/polyan-

on antibodies in the absence of HIT (Table I). In
ontrast, only 11% and 5% of the patients tested posi-
ive on the IgG EIA and SRA, respectively. Although
e cannot rule out the possibility that testing exclu-

ively for IgG antibodies will yield an occasional false-
egative result in a patient in whom HIT was truly
aused by IgA or IgM antibodies (or both), assuming
hat such a syndrome actually exists, it is evident that
esting for IgG antibodies greatly improves the operat-
ng characteristics of laboratory testing for HIT anti-
odies by increasing diagnostic specificity through the
voidance of the detection of numerous nonpathogenic
ntibodies of the IgM and IgA classes.
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erum levels of C-reactive protein and procalcitonin
n critically ill patients with cirrhosis of the liver

ALIANA PERES BOTA, MARC VAN NUFFELEN, AHMED N. ZAKARIAH, and
EAN-LOUIS VINCENT

RUSSELS, BELGIUM

Concentrations of C-reactive protein (CRP) and procalcitonin (PCT) have been
suggested as markers of infection. The liver is believed to be a key source of CRP
and PCT. For this reason we assessed the predictive value of these markers in
patients with hepatic cirrhosis in a 31-bed university-hospital department of inten-
sive care. Demographic, clinical, laboratory, and microbiologic data were col-
lected prospectively over 9 months. Of 864 patients included in the study, 79 (9%)
had hepatic cirrhosis. Patients with cirrhosis were more likely to have a medical than
a surgical admission diagnosis (67 vs 47%, P � .03). They also had a higher rate of
infection (48 vs 30%, P � .03) and higher mortality (44 vs 17%, P � .01) than did
patients without cirrhosis. We detected no differences in CRP and PCT concentra-
tions among patients with cirrhosis and different disease severity as assessed on the
basis of Child-Pugh score. The serum CRP concentration (admission 11.2 � 4.6 vs
13.0 � 5.8, maximum 13.9 � 6.4 vs 18.8 � 7.3 mg/dL) and PCT (admission 1.3 � 0.9
vs 2.0 � 1.4, maximum 3.3 � 1.8 vs 3.4 � 2.1 ng/mL) were slightly lower in infected
patients with cirrhosis than in infected patients without cirrhosis, but the differences
were not statistically significant. Although the liver is considered the main source of
CRP and a source of PCT, serum levels of these acute-phase proteins are not
significantly lower in patients with cirrhosis than in other patients. Moreover, the
predictive power of CRP and PCT for infection was similar for patients with and
without cirrhosis. (J Lab Clin Med 2005;146:347–51)

Abbreviations: APACHE � Acute Physiology and Chronic Health Evaluation; AUROC � area
under receiver operating-characteristic curve; CRP � C-reactive protein; PCT � procalcitonin;

SOFA � Sequential Organ Failure Assessment
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-reactive protein and PCT are two widely
used markers of sepsis. CRP was first de-
scribed by Tillet and Francis in the early

930s as an acute-phase protein. Plasma levels greater
han 50 mg/L have been reported to identify sepsis.
RP has been proposed as a marker of infection in
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atients with uremia,1 of bacterial meningitis in chil-
ren,2 and of bacteremia in the critical-care setting.3

CT, a precursor of calcitonin, was described only
ecently as a marker of bacterial infection, with the
uggestion that it is superior to CRP in discriminating
nfectious from other inflammatory diseases such as
cute pancreatitis,4 cardiogenic shock,5 and acute trans-
lant rejection.6

Despite the widespread use of CRP in clinical prac-
ice, the site of production and the metabolism of CRP
re not well defined. It was thought that CRP was
roduced exclusively by hepatocytes as part of the
cute-phase response, but recent studies suggest other
ites of production, including coronary-artery smooth-
uscle cells,7 inflamed kidneys,8 human neurons,9 and
lveolar macrophages.10
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Likewise, the source and metabolism of PCT are not
ell known. Initially its production was attributed to

hyroid tissue, until increased PCT levels were found in
atients who had undergone thyroidectomy.11 In a ba-
oon model of endotoxin shock, the liver seemed to be
he main source; PCT production was almost entirely
bolished after hepatectomy.12 Production of PCT has
een shown in a variety of organs, including liver, lung,
idney, and adrenal tissue,13 peripheral monocytes and
ranulocytes,14 testis, prostate gland, and small intes-
ine.15

The aim of our study was to analyze the levels of
RP and PCT in critically ill patients with and without
epatic cirrhosis. We hypothesized that if the liver is
he main source of CRP and a source of PCT, the serum
evels of these proteins would be lower in patients with
irrhosis than in those without it, the difference being
articularly marked in infected patients.

ETHODS

We prospectively collected data from all critically ill pa-
ients admitted to a 31-bed department of intensive care of a
ertiary-care hospital during 3 distinct convenience periods
June-September 2000, June and July 2003, May-July 2004).
emographic, clinical, laboratory, and microbiologic data
ere collected throughout each patient’s stay. The institu-

ion’s ethics committee approved the study, but, because all
he parameters assessed were routinely obtained in this de-
artment at the time of the study so that no additional inves-
igations or procedures were carried out, informed consent
as not required. Centers for Disease Control and Prevention
efinitions16 were used to confirm the presence of infection.
he APACHE II score17 was calculated for the first 24 hours,

he SOFA score18 every 2 days. The severity of cirrhosis was
lassified on the basis of the Child-Pugh criteria.19

Blood samples were obtained from an arterial catheter
very morning around 8 AM. Serum CRP was measured
mmediately by means of direct immunoturbidimetry
Tina-Quant; Boehringer Mannheim, Germany). Samples
or PCT determination were stored at �20°C and analyzed
ith the use of an immunoluminometric assay (Brahms
iagnostica, Berlin, Germany) at the end of each study
eriod. The detection limit for CRP was 0.5 mg/dL. The detec-

ion limit for PCT was 0.5 ng/mL, and the coefficient of vari-
bility was 8%.

Data are expressed as mean� or, when appropriate, median
nd range. The Mann-Whitney U test was used to compare
roups; dichotomous variables were examined with the use of
he �2 test. The AUROC was also determined.

ESULTS

We enrolled 864 patients, 79 (9%) of whom had
epatic cirrhosis. Characteristics of the patients are
ummarized in Table I. Patients with cirrhosis were
ore likely to have a medical than a surgical admis-
ion diagnosis (67% vs 47%, P � .03) and had a p
igher mortality rate (44% vs 17%, P � .01) than
hat of patients without cirrhosis. They also had
reater disease severity, as assessed on the basis of
he APACHE II score, and a greater degree of organ
ysfunction, as defined by the SOFA score, than
atients without cirrhosis (P � .03 for both). We
etected no significant differences in CRP and PCT
erum levels at any time during the ICU stay between
atients with and without cirrhosis (Table I).
The rate of infection was higher in patients with

han without cirrhosis (48% vs 30%, P � .03). The
ain sites of infection were the lung (41% vs 47%)

nd the abdomen (23% vs 29%) in patients with and
ithout cirrhosis, respectively. Among the infected
atients, serum CRP and PCT levels were slightly
ower in patients with than those without cirrhosis,
ut the differences were not statistically significant
 Fig 1). When infection was used as an independent
ariable, we detected no significant differences in the
UROC for CRP and PCT levels between infected

able I. Characteristics of the patients with and
ithout cirrhosis

haracteristic
Cirrhosis
n � 79

No cirrhosis
n � 785

ge (yr)* 56 (18–73) 54 (18–91)
/F 37/42 377/408
edical/surgical diagnosis 53/26† 371/314
hild-Pugh class
A 28 NA
B 27 NA
C 24 NA

PACHE II score* 18 (6–31)† 13 (5–27)
nfection (%) 48† 30
uration of stay (d) 9 (2–29) 8 (1–29)
ortality (%) 44‡ 17
RP (mg/dL)¶

Initial 4.7 � 3.1 4.1 � 2.9
48 hr 4.3 � 2.4 3.8 � 3.3
Maximum 8.1 � 4.1 8.8 � 4.2
Final 3.6 � 2.8 2.4 � 1.7

CT (ng/mL)¶

Initial 0.6 � 0.4 0.5 � 0.3
48 hr 0.3 � 0.2 0.6 � 0.2
Maximum 1.7 � 1.1 1.7 � 0.8
Final 0.3 � 0.1 0.4 � 0.3

OFA¶

Initial 5 (1–9)† 4 (1–6)
48 hr 6 (1–9)† 3 (1–5)
Maximum 7 (2–13)† 4 (2–9)
Final 4 (2–9)† 2 (1–5)

A � not applicable.
Data expressed as mean (range).
P � .03.
P � .01.
Data expressed as mean � SD.
atients with and without cirrhosis (Table II).
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We found no significant differences in the levels of
RP and PCT in relation to the severity of cirrhosis

Table III).

ISCUSSION

Our findings indicate no significant differences in the
erum levels of CRP and PCT between patients with

Fig 1. Serum levels of CRP (top) and PCT (bottom
2 and 4) cirrhosis with and without infection.
nd without cirrhosis. Two mechanisms, alone or in s
ombination, may explain these findings: first, that
RP and PCT are, in fact, produced mainly by the liver,
nd their production is maintained by the hepatocytes in
irrhosis. Three studies demonstrating increased con-
entrations of CRP in noninfected patients with cirrho-
is, regardless of the nature of the cirrhosis (inflamma-
ory or alcoholic), support this hypothesis.20 –22 In a

ents with (columns 1 and 3) and without (columns
) in pati
tudy assessing the relationship of serum leptin level to
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ex, nutritional status, liver function, and energy me-
abolism in patients with alcoholic hepatic cirrhosis,
ampillo and coworkers found that CRP levels were
igher in patients with cirrhosis than in those without it
12.1 � 14.4 vs 5.9 � 4.9 for men and 10.0 � 10.9 vs.
.6 � 7.8 mg/dL for women).20 This difference was
lso observed by Tilg et al in their study of serum
ytokines in chronic liver disease (CRP in cirrhotic
atients 1.2 � 0.2 vs control 0.4 � 0.1 mg/dL).21 The
ncrease in CRP was partly attributed to higher levels of
nterleukin-6, which is a key cytokine in the control of
RP production.21 In a study of acute-phase proteins in
hronic and malignant liver disease, Meliconi and col-
eagues also found increased serum CRP levels in pa-
ients with cirrhosis.22 In our study, all patients had
ncreased CRP levels, perhaps because most intensive-
are patients have a certain degree of inflammation,
hich is not always the case in other hospital wards.

able II. Serum levels of CRP and PCT in infected a
s classed on the basis of Child-Pugh score

Variable

Infected (n � 39)

Child class A
(n � 15)

Child class B
(n � 14)

Chi
(

RP (mg/dL)
Initial 11.2 � 3.3 10.8 � 4.9 10
48 hr 9.1 � 2.7 8.5 � 4.7 8
Maximum 14.8 � 8.9 13.2 � 4.7 14
Final 6.9 � 3.8 6.9 � 3.6 6

CT (ng/mL)
Initial 1.2 � 0.8 1.3 � 0.8 1
48 hr 2.1 � 0.9 1.9 � 0.8 2
Maximum 3.3 � 1.3 3.1 � 0.9 3
Final 0.8 � 0.4 0.7 � 0.4 0

ata expressed as mean � SD.

able III. AUROC patients with and without
irrhosis, with infection as an independent
ariable

Variable (AUROC) Cirrhosis (n � 79)
No cirrhosis
(n � 785)

RP
Initial 0.641 0.693
48 hr 0.684 0.699
Maximum 0.726 0.712
Final 0.636 0.632

CT
Initial 0.682 0.694
48 hr 0.663 0.686
Maximum 0.701 0.753
Final 0.593 0.628
The second explanation is that CRP and PCT are c
ndeed produced by other organs. Recently it has been
emonstrated that various cell types other than hepato-
ytes are able to produce CRP in conditions other than
nfection; CRP production has been demonstrated in
oronary-artery smooth-muscle cells in atherosclero-
is,7 inflamed kidneys in acute kidney-transplant rejec-
ion,8 neurons in Alzheimer’s disease,9 and alveolar

acrophages in pulmonary inflammatory disease.10

CT levels were slightly higher than normal in the
oninfected patients with cirrhosis. We have found no
tudies addressing the question of PCT levels in non-
nfected patients with cirrhosis, but PCT is produced by
 variety of tissues.13–15 This second hypothesis is
upported by the lack of a difference between the levels
f CRP and PCT for different Child-Pugh classifica-
ions of cirrhosis. Spahr et al found no relationship
etween CRP and PCT levels in plasma or ascites and
he degree of liver failure as assessed on the basis of the
hild-Pugh score.23

Not surprisingly, the rate of infection was higher in
atients with cirrhosis than in those without. Cirrhosis
s known to be associated with an increased risk of
epsis and sepsis-related mortality.24 Among the in-
ected patients, blood levels of CRP and PCT were
lightly lower in patients with cirrhosis than in those
ithout, but the differences were not statistically sig-
ificant.
One interesting finding was that CRP and PCT per-

ormed as well in identifying infection in patients with
nd without cirrhosis. In contrast, Le Moine et al found
RP to have weak predictive power for infection in
atients with decompensated cirrhosis.25 In terms of the
alue of PCT in predicting infection, 2 studies have
een conducted in cirrhotic patients with bacterial peri-
onitis, and they yielded conflicting results. Viallon and

infected patients with varying degrees of cirrhosis

Noninfected (n � 40)

Child class A
(n � 13)

Child class B
(n � 13)

Child class C
(n � 14)

2.9 � 1.9 2.7 � 1.1 2.6 � 2.3
3.1 � 2.7 2.8 � 1.6 2.8 � 2.6
3.3 � 2.2 2.9 � 2.0 2.9 � 2.3
2.9 � 2.5 2.4 � 1.7 2.5 � 1.9

0.3 � 0.2 0.4 � 0.3 0.4 � 0.3
0.3 � 0.2 0.4 � 0.2 0.3 � 0.3
0.4 � 0.4 0.4 � 0.2 0.5 � 0.3
0.3 � 0.2 0.3 � 0.2 0.3 � 0.3
nd non

ld class C
n � 10)

.3 � 5.8

.5 � 4.4

.3 � 7.8

.7 � 2.5

.1 � 0.7

.0 � 0.5

.2 � 1.0

.6 � 0.3
olleagues compared 21 patients with bacterial perito-
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itis and 40 patients with sterile ascitic fluid.26 The
UROC for ascitic PCT was 0.96, and that for serum

evels was 0.98, with infection as an independent vari-
ble. For serum CRP, the AUROC was 0.79.25 The
uthors concluded that serum PCT levels may be useful
s a marker for the diagnosis of bacterial peritonitis in
atients with cirrhosis. On the other hand, Spahr et al23

oncluded, on the basis of their findings in a series of
0 patients with bacterial peritonitis and 10 with sterile
scites, that PCT levels are inaccurate in these patients
nd that the diagnostic value of CRP, which performed
etter, is limited by the wide overlap between values. In
ur study, CRP and PCT performed equally well for
ifferent types of infection in patients with and without
irrhosis.
In conclusion, although the liver is considered the
ain source of CRP and a source of PCT, serum levels

f these acute-phase proteins were not significantly
ower in patients with hepatic cirrhosis than in those
ithout. The mechanisms by which these proteins are
roduced and cleared and, more important, their site of
roduction still need to be clarified. Moreover, the
redictive power for infection of CRP and PCT was as
ood in patients with cirrhosis as in those without.
lthough CRP and PCT are far from being the ideal
arkers, these proteins may be used as indicators of

nfection in patients with and without cirrhosis until
ore specific markers are identified.
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HE QUACK DOCTOR

The problem of charlatanism has been with us for a long, long time. In recent years, we have
een the growth of “alternative” or “complementary” medicine—a complex blend of genuinely
seful traditional remedies, exaggerated responses to “kernels of truth,” approaches for which
here is neither rationale nor evidence and outright fraud. Unfortunately, for many practices that
ave gained popularity, implementation has outraced evidence, and we simply cannot say with
onfidence whether they do or do not have merit. Interestingly, one factor often cited in patients’
ecisions to seek alternative care is the traditional physicians’ lack of time to listen, to give
omfort and to advise. In pursuit of business efficiency, perhaps the profession has lost some of
ts humanity; if that drives patients away, it could be bad for the ultimate goal of preventing or
reating disease—and ironically, it could also be bad for business!

Lab Clin Med 2005;146:352–3.
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Before the late 1800s, very little of medical practice was based on a sound understanding of
athophysiology, and the physician’s tools (beyond the saw and the lancet) were quite limited. The
ichotomy between the quack and the ethical practitioner lay perhaps more with intent than with
he quality of the product being offered.

This month’s cover is an engraving prepared in the 1850s from a 1652 painting by Gerrit
oucuszoon (a.k.a. Gerard Dou; labeled on the engraving as “G. Dow”) of Leiden; the engraver’s
ame does not appear on the print. The original painting hangs in the Museum Boijmans Van
euningen, in Rotterdam, and may be viewed at http://www.wga.hu/frames-e.html?/html/d/dou/1/.
Dou(cuszon) was the son of a glazier and studied with Rembrandt from 1628-31. Little is known

bout his personal life, but he is distinguished artistically by his meticulous use of fine detail to
reate textures and shadings.

Dale E. Hammerschmidt, MD
Editor-in-Chief

http://www.wga.hu/frames-e.html?/html/d/dou/1/
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