
virtually all their patients were receiving immunomodula-
tory agents at the time of infliximab dosing may have
diminished infusion reaction rates as was recently suggested
in another paper (2).

The report by Stephens et al. (1), along with two others in
the literature (3, 4), brings to 116 the total number of
pediatric patients with Crohn’s disease receiving infliximab
reported to date. Most assuredly, many thousands of chil-
dren have been treated, but we only have data on a small
fraction making it difficult to ascertain the likelihood of
uncommon short-term or long-term complications.

There are compelling reasons why the future must bring
us controlled data on the use of newer (and for that matter
older) therapies in children. It is not clear if dosing guide-
lines developed in adults can be applied to children. Chil-
dren may metabolize drugs very differently, and extrapolat-
ing a mg/kg dose from adults incurs risk of underdosing or
overdosing. Adverse events in children may not be predicted
based upon experience in adults. Children also pose some
different clinical problems than adults, particularly with respect
to the effect of disease and therapy on growth. Growth failure
is a serious complication of Crohn’s disease in the pediatric
population. Even small amounts of corticosteroids can slow
linear growth velocity suggesting that aggressive corticoste-
roid-sparing treatment regimens need to be considered early in
the course of certain patients. The recent observation that the
use of 6-mercaptopurine at diagnosis in moderate-to-severe
Crohn’s disease in children may decrease total corticoste-
roid exposure over the first 2 years of treatment was an
important one (5). It has also suggested a potential role of
infliximab in the early treatment of selected patients who
present with growth failure and/or osteopenia where the use
of prednisone may be fraught with increased hazards.

These concerns raise further questions. What is the role of
infliximab in the treatment of Crohn’s disease in children?
Should it be used as salvage therapy after “conventional”
therapy including 5-aminosalicylate agents, corticosteroids,
immunomodulators, and nutritional support has failed? Is it
bridge therapy in the corticosteroid-dependent or corticoste-
roid-refractory patient while the clinician awaits a response
to immunomodulators such as azathioprine or 6-mercapto-
purine, which may takes months to be effective? Should it
be used at diagnosis in those with severe disease instead of
corticosteroids? Are there genetic markers that can help us
identify patients more likely to have a beneficial effect from
this drug (and thereby decrease expense and potential toxicity)?
Most importantly, are we acquiring data that will allow us to
determine if infliximab is changing the natural history of
Crohn’s disease in children? We need to know if these children
grow better, have a better quality of life, fewer hospitalizations,
less surgery, and perhaps more benign courses as adults. We
also need to develop methodologies to follow children receiv-
ing infliximab as well as other immunomodulatory agents into
adulthood to examine the still unresolved question of ma-
lignancy risk. Does the use of immunomodulatory and/or
biological therapy promote cancer decades down the line?

So where do we go from here? Although the report by
Stephens et al. (1) further allays our short-term concerns
about infliximab therapy in children, the days of single-
center reports of modest numbers of patients receiving new
therapies must eventually come to an end. This will only be
possible with financial support from industry and lay orga-
nizations that need to actively promote multicentered data
collection along with prospective controlled trials of new
therapies for children with IBD. Product development
should include pediatric studies early in the process, not as
an afterthought. Kids can get hand-me-down clothes, but
they shouldn’t have to get hand-me-down science.

Jeffrey S. Hyams, M.D.
Connecticut Children’s Medical Center

Hartford, Connecticut
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Cytokine Gene Polymorphisms in
Chronic Hepatitis B: A Step Up the
Immunology Ladder
Chronic hepatitis B virus (HBV) infection is a major global
health problem with an estimated 300 million people chron-
ically infected worldwide (1). In endemic areas, chronic
HBV is a leading cause of death because of the development
of liver failure and liver cancer (1). In the United States, an
estimated 1 million Americans have chronic HBV and ap-
proximately 5000 patients die of HBV-related liver disease
each year (2). Hepatitis B is parenterally transmitted via
contact with contaminated blood, saliva, and semen (1).
Individuals with an inadequate primary immune response to
hepatitis B are at increased risk of developing chronic HBV.
Age is the strongest host feature associated with chronic
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infection with 90% of infants, 20–50% of children, and 5–10%
of adults developing chronic HBV after exposure (3). In addi-
tion, immunocompromised patients including HIV coinfected
individuals and organ transplant recipients are at increased
risk of developing chronic HBV. Viral factors such as hep-
atitis B surface antigen “a” determinant mutants, precore
and core-promoter mutants, and HBV genotypes have also
been implicated in the risk of developing chronic HBV, but
the role of these factors is not well established (4).

Clearance of HBV requires a coordinated innate and
adaptive humoral and cell-mediated immune response. Cy-
tokines are soluble polypeptide molecules that mediate cell-
to-cell communication and regulate the intensity and dura-
tion of the immune response. Cytokine response profiles
from T helper cells are classified as Th1 responses that
enhance cellular immunity (interferon [IFN]-�, interleukin
[IL]-2, tumor necrosis factor [TNF]-�) or Th2 responses
that enhance humoral immunity (IL-4, IL-5, IL-10). With
acute self-limited HBV infection, most HBV DNA mole-
cules are rapidly cleared in the incubation phase because of
a vigorous, multifaceted, polyclonal immune response to
hepatitis B surface, core, and polymerase antigens (5). Un-
der these circumstances, a proinflammatory Th1 response
with high serum and intrahepatic levels of IFN-� and TNF-�
inhibit HBV gene expression and replication and lead to the
rapid destruction and clearance of infected hepatocytes by
both cytopathic and noncytolytic mechanisms (5, 6). After
recovery from acute infection, HBV-specific cytotoxic T
cells as well as neutralizing antibodies to hepatitis B core
antigen and surface antigen persist for decades and provide
long-lasting immunity (7). However, low levels of HBV
may be detected in the blood using sensitive polymerase
chain reaction-based assays (7, 8).

Chronic HBV infection is defined as persistence of serum
HB surface antigen for more than 6 months after exposure.
Patients with chronic HBV typically have a weak, narrowly
focused intrahepatic and systemic immune response to HBV
antigens (9, 10). In these patients, lower levels of IFN-� and
TNF-� are produced in response to HBV antigens compared
with patients with acute self-limited infection (11). Patients
with perinataly acquired HBV who have high HBV DNA
but normal serum aminotransferase levels seem to have
“immune tolerance” to HBV antigens. This immunological
hyporesponsiveness may be caused by viral inhibition of T
helper cells or depletion of effector T cells (6, 10). These
patients rarely develop progressive liver disease during the
immune tolerant phase but are at increased risk of develop-
ing liver cancer. Other patients with chronic HBV and
elevated serum aminotransferase levels seem to have a weak
but nonclearing immune response to HBV antigens and are
at risk of developing progressive liver disease. Studies that
identify the mediators of variability in host immune re-
sponse to HBV may provide insight not only into the patho-
genesis of disease but also potential targets for treatment.

Genetic susceptibility to chronic HBV infection may re-
side in variability in host recognition, cytokine, or antigen

presenting and processing genes. Previous studies have
demonstrated that variability in human leukocyte antigen
class I and class II genes may be seen in patients with acute
resolving HBV compared with those with chronic HBV
(12). However, these findings are not likely to be clinically
useful because the relative risk conferred by possession of a
specific allele is low (2- to 4-fold), and the frequency of the
preferred allele in the general population is low (13). Fur-
thermore, associations of HLA polymorphisms with the
severity of liver disease and the response to treatment have
not been demonstrated. However, because the worldwide
burden of disease from chronic HBV is so extensive, further
studies of host genetic factors that influence the immune
response are warranted.

It is in this context that the work of Ben-Ari et al.
examining the role of cytokine gene polymorphisms in
chronic HBV is presented in this issue of the Journal (14).
Previous studies have shown that the maximal capacity of
cytokine production varies among individuals and correlates
with single nucleotide polymorphisms in the promoter re-
gion of various cytokine genes (15). Furthermore, cytokine
gene polymorphisms have been associated with liver disease
severity in patients with viral hepatitis (16, 17). In this
study, the investigators set out to determine if the frequency
of five cytokine gene polymorphisms was significantly dif-
ferent in 77 patients with varying severity of chronic HBV
infection compared with 48 uninfected controls. Contrary to
prior reports, the authors did not find a significant associa-
tion between TNF-� polymorphisms at position �308 and
�174 and the presence of chronic HBV (18). In addition,
there was no significant association between IL-6, trans-
forming growth factor-�, and IL-10 polymorphisms and the
presence of chronic HBV. However, a significantly greater
frequency of the A/A IFN-� polymorphism at position 874
was noted in chronic HBV (65%) patients compared with
uninfected controls (37%) (p � 0.003). Although the au-
thors did not measure serum or intrahepatic levels of IFN-�,
prior studies have demonstrated that individuals with the A/A
874 polymorphism tend to have lower levels of IFN-� produc-
tion (19). Therefore, the study results are consistent with the
hypothesis that a defective proinflammatory Th1 cytokine re-
sponse may lead to the development of chronic HBV (6).

In reviewing the results of this study, one must keep
several potential limitations in mind. Firstly, the authors do
not present information on the presumed route of infection
in the study patients. These data are important because one
may not be able to detect a significant difference in a host
genetic factor if the majority of patients were infected as
infants. In addition, the authors selected uninfected patients
as well as previously exposed patients as controls. Because
unexposed patients remain at risk of acquiring chronic
HBV, the inclusion of a mixed control group limits the
ability to compare the polymorphism results to the patients
with established chronic HBV. Ideally, a control group for
a disease-association study should consist of age- and gen-
der-matched controls previously exposed to HBV at a sim-
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ilar age and via a similar route to the patients with chronic
infection. However, because it is very difficult if not im-
possible to identify large cohorts of control patients in
nonendemic countries, our understanding of the role of
cytokine gene polymorphisms in chronic HBV may be lim-
ited. In addition, because cytokine gene expression may be
altered at the transcriptional, translational, and secretory
level, further studies of cytokine expression in vivo will be
necessary to determine the contribution of reported disease
associations with cytokine polymorphisms. Lastly, the small
number of patients included in this study and the absence of
data on the prevalence of the cytokine gene polymorphisms
in the general population may lead to a type II error.

Notwithstanding the above caveats, the findings of this
study and others may have important scientific implications
if they are confirmed in large, population-based studies. For
example, if the IFN-� polymorphism is proven to be a
significant risk factor for developing chronic HBV, the
potential to enhance host IFN-� production may prove use-
ful as a therapeutic intervention. Although previous work
has demonstrated that administration of s.c. IFN-� is less
effective and more toxic than IFN-� in patients with chronic
HBV (20), other approaches of enhancing Th1 cytokine
responses may prove useful. For example, administration of
therapeutic peptide vaccines may enhance host immune
response to HBV antigens in vivo (11). Recent studies with
lamivudine have shown that reducing HBV replication and
viral antigen load can improve Th1 cytokine response pro-
files and cytotoxic T-cell responses in some patients with
chronic HBV (21, 22). Therefore, combining an antiviral
and immunomodulatory agent together may prove useful.
Although we are uncertain if useful information is up the
ladder at the cytokine gene promoter level or down the ladder
at the level of protein expression, further studies defining the
clinical and biological relevance of cytokine gene polymor-
phisms in chronic HBV are warranted. A multifaceted ap-
proach using laboratory animals to identify candidate genes,
twin studies to establish causality, and disease-association
studies may help us unravel the mystery. Stay tuned.

Chun T. Wai, M.D.
Robert J. Fontana, M.D.

Division of Gastroenterology
University of Michigan Medical School

Ann Arbor, Michigan
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