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Abstract

Increasing evidence suggests that cytokine dysregulation in T-helper 1 and T-helper 2 (Th1/Th2)
subsets contributes to the pathogenesis of Crohn’s disease (CD). This pilot study examines the
hypothesis that cytokine profiles differ between pediatric and adult CD patients. Production of
Th1 cytokines interferon-gamma (IFN-y) and tumor necrosis factor-alpha (TNF-a) and of Th2
cytokines interleukin-4 (IL-4) and interleukin-6 (IL-6) were analyzed in peripheral blood of
patients with CD and healthy controls (n=20) using flow cytometry after /n vitro stimulation. In
both pediatric and adult subjects, frequencies of TNF-a. CD4+ T cells were higher in CD patients
than in controls (p=0.009, p=0.047, respectively). Percentages of cells expressing IL-4 were
slightly increased (p=0.036) while those for IFN-y were decreased (p=0.009) in pediatric CD
patients compared with controls. As expected, the overall production of Thl cytokines was higher
in adults compared with pediatric subjects. When memory CD4+CD45RO+ T cells were
considered, lower IFN-y expression was observed in pediatric CD subjects compared with
controls (p=0.009), matching the trend seen in the general CD4+ T cell population. The percentage
of CD4+CD45R0O+ T cells were increased in adult CD patients compared with pediatric CD
patients (p=0.016). This study describes a peripheral blood Th1/Th2 cytokine imbalance in CD
and suggests different immunological mechanisms between children and adults in disease
pathogenesis.
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INTRODUCTION

Accumulating evidence suggests that a dysregulation in cytokines produced by T-helper
(Th) cells is involved in the etiology and progression of inflammatory bowel disease (IBD).1
However, the underlying immunologic correlates of disease pathophysiology remain poorly
understood. The two main subclasses of Th cells, T-helper 1 (Th1) and T-helper 2 (Th2)
cells, secrete subsets of cytokines that mediate various immunological responses.2 Thi cells
secrete the cytokines IL-2, IFN-y, and TNF-a to augment an immune response against
intracellular pathogens such as viruses. In contrast, Th2 cells secrete I1L-4, IL-5, IL-10, and
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IL-13,3 mainly to protect the host against extracellular pathogens and promote the synthesis
of IgE antibodies in B-cells.* IL-4 is a signature Th2 cytokine responsible for the
development of naive Th cells into a Th2 functional phenotype. IL-6 is a pleiotropic
cytokine responsible for T cell stimulation and proliferation® and is primarily secreted by
macrophages and monocytes promoting granulocyte and macrophage colony formation.5

Traditionally, Crohn’s Disease (CD) has been considered a Th1-mediated disease. In many
previous studies, cytokine profiles of CD patients displayed Th1l dominance characterized
by higher than normal percentages of IFN-y and/or lower or undetectable percentages of
cells expressing IL-4 in peripheral blood mononuclear cells (PBMC) or intestinal
mucosa.2’~12 Higher TNF-a has also been reported in the intestinal mucosa and serum of
CD patients compared with healthy controls.13-16 A shift towards the Th1 profile may
contribute to the onset of CD by activating macrophages which produce pro-inflammatory
cytokines thereby leading to the intestinal damage seen in CD.17 Recent therapies have
targeted these cytokines for CD management, as exemplified by the administration of anti-
TNF-a depleting antibodies.18

The role of CD4+CD45R0O+ T cells in disease progression has been described in CD
patients.19:20 |n the mature human immune system, circulating CD4+ T cells can be
separated into naive and memory T cells by their expression of CD45. Naive T cells express
CDA45RA and show little or no ability to produce effector cytokines while circulating
between the peripheral blood and secondary lymphoid organs. In contrast, memory T cells
express CD45RO and, when activated, proliferate in an antigen specific manner.19.21.22
CD4+CD45R0O+ T cells are known for their ability to secrete large quantities of cytokines
and their tendency to accumulate at sites of inflammation (e.g., luminal surfaces in IBD).
Due to these characteristics, it is reasonable to propose that the activity of CD4+CD45R0+
T cells is implicated in the pathogenesis of CD. However, few studies have investigated the
association between CD and cytokine production of CD4+CD45R0O+ T cells. During
childhood the immune system’s repertoire is expanded by exposure to antigens. This
constant immune expansion may account for some of the differences in cytokine profiles
observed between children and adults.23 Therefore, we explored the hypothesis that age- and
disease-related cytokine profiles in children differ from adults with CD.

Our prior investigation of cytokine profiles in pediatric CD patients suggested that lower
Th1 cytokine levels were present in newly-diagnosed pediatric children with CD compared
with control subjects.24 In the current pilot study, we aimed to validate this finding and to
expand the spectrum of cytokines and age of CD patients and controls to include adults. The
intracellular production of IFN-y, TNF-a, IL-4, and IL-6, cytokines that have been
associated with various auto-inflammatory conditions including IBD, were analyzed in
whole blood by flow cytometry.

MATERIALS AND METHODS

Study Population and Sample Collection

This study was conducted in collaboration between the School of Public Health, University
of California, Berkeley (UCB), and the Departments of Pediatrics and Medicine, University
of California, San Francisco (UCSF). Written informed consent was taken from the subjects
of legal age or their parents/legal guardians, and assent was obtained from younger subjects
in accordance with the protocol approved by the Committee on Human Research at UCSF,
and the Committee for the Protection of Human Subjects at UCB.

Ten children and 10 adults were enrolled at UCSF from July 2008 to May 2009. Five
subjects in each age group diagnosed with CD and an equal number of healthy controls were
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enrolled. All subjects were approached as they presented for endoscopic procedures, and
pediatric subjects and controls were matched for age. Inclusion criteria for controls were no
preexisting acute or chronic illnesses or inflammatory disorders. At the time of enrollment,
most CD patients had some symptoms and others were asymptomatic. Body Mass Index
(BMI; weight [kg]/height [m]?) was determined by medical record review or patient report.
Laboratory analyses included measurement of red blood cell (RBC) folate levels and
hematocrit. Samples were obtained from all subjects in a fasting state. Peripheral blood
samples were kept at cool temperature with ice packs during transfer and delivered to the
laboratory at UCB for processing within 4 hours of collection.

Whole blood samples were diluted 1:1 with culture media (RPMI 1640) ina 12 x 75 mm
fluorescence-activated cell sorting (FACS) tubes. Phorbol-12-myristate 13-acetate (PMA;
2.5 ng/mL; Sigma Chemical Co., St. Louis, MO) and ionomycin (1 pg/mL, Sigma
Chemical) were added for lymphocyte activation. Cultures were incubated in the presence of
brefeldin-A (10 ng/mL, Sigma Chemical Co.), a transport inhibitor that prevents cytokine
release from cells, at 37°C and 5% CO, for four hours.

Following the incubation, 200.L of whole blood was pipetted into a 12 x 75 mm FACS tube
containing monoclonal antibodies specific for T-helper cell surface antigen CD4 (CD4-
PerCP, Becton Dickinson, San Diego, CA). For CD4+CD45R0O+ T-cells and their cytokine
measurement, incubated blood samples were added to tubes containing monoclonal
antibodies for CD4 (CD4-FITC, Becton Dickinson) and monoclonal antibodies for CD45RO
(CD45R0O-PE-Cy 5, Becton Dickinson). After a 10-minute incubation at room temperature
in the dark, 1% paraformaldehyde (PFA) was added to stabilize the monoclonal antibody-
surface antigen complex for five minutes. RBCs present in the mixture were then lysed
using 3mL of 1x lysing solution (Becton Dickinson) for 8 minutes. Following centrifugation
at 1,930 rpm for 5 minutes, the supernatant was aspirated, with 1x permeabilizing solution
added to the pellet, and incubated for 10 minutes at room temperature in the dark. The
mixture was then washed using 3mL of wash buffer (1% bovine serum albumin, 0.1%
NaN3 1x PBS) and centrifuged for five minutes at 2,370 rpm. After aspirating the
supernatant, 20p.L of Thl and Th2 cytokine-specific antibodies (IFN-y-FITC/ IL-4-PE,
Becton Dickinson; TNF-a-FITC/IL-6-PE, Becton Dickinson) were added to the
experimental tubes and the appropriate isotype control monoclonal antibodies (20pL, 19G2/
IgG1, Becton Dickinson) were added to the control tubes and incubated for 30 minutes at
room temperature in the dark. To identify cytokine-producing CD4+CD45R0O+ cells, the
samples were stained with 20p.L of monoclonal antibodies specific for each cytokine (IFN-y
—-PE ; IL-4- PE; TNF-a —PE; IL-6-PE, Becton Dickinson) in separate tubes and appropriate
isotype control antibodies were used. Subsequently, the tubes were washed with 3ml of the
buffer for three minutes and centrifuged at 2,520 rpm for five minutes. Finally, after
aspirating the supernatant, the cells were resuspended in 500p.L of 1% PFA and stored at
4°C until flow cytometry analysis.

Cytokine Level Detection by Flow Cytometry

CDA4+ Cells

The stained cells were detected by Becton-Coulter EPICS XL flow cytometer as previously
described and illustrated?* to calculate the percentage of Th1 and Th2 positive cells from
CDA4+ and CD4+CD45R0O+ cells.

For each sample, control tubes containing fluorochrome-equivalent 1gG2/1gG1 isotype
controls were run to detect non-specific binding, followed by runs of the experimental tubes
containing IFN-y/IL-4 and TNF-a/IL-6 specific antibodies. During each run of the sample,
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5,000 CD4+ cells were counted. The lymphocyte population was marked by placing a
circular gate around the dense aggregation of lymphocytes on the forward-scatter/side-
scatter (FS/SS) histogram based on the size and granularity of the cells. One-plot histogram
was used to identify CD4+ cells by placing a linear gate on the right peak of the histogram.
The percentage of CD4+ cells was calculated as the number of CD4+ cells over the total
lymphocyte population. Thl cells and Th2 cells were identified by using a two-plot
histogram, where the IFN-y or TNF- a positive cells were found in the lower right quadrant,
and the IL-4 or IL-6 positive cells were found in the upper left quadrant. The percentage of
Th1 positive cells were determined by dividing the number of IFN-y or TNF- a positive
cells by CD4 positive cells, and the percentage of Th2 positive cells were determined by
dividing the number of IL-4 or IL-6 positive cells by CD4 positive cells.

CD4+CD45R0+ Cells

For each sample, isotype-matched FITC, PE-Cy5 and PE-labeled monoclonal antibodies
were used as controls. Upon gating for the lymphocyte population in the FF/SS histogram,
two-plot histogram was used to select 5,000 CD4+CD45RO+ cells in the upper-right
quadrant. One-plot histogram was used to identify IFN-vy, IL-4, TNF-a, and IL-6 positive
cells in separate tubes. The percentage of CD4+CD45R0O+ cells was calculated as the
number of CD4+CD45RO+ cells over the total lymphocyte population. The percentage of
cytokine-producing cells was determined by dividing the number of IFN-y, IL-4, TNF-a, or
IL-6 cells by the number of CD4+CD45RO+ cells. Flow cytometry results are presented as
percentages of cells.

Statistical Analysis

RESULTS

Statistical analyses were performed using STATA 11.0 (StataCorp. College Station, TX).
Data were analyzed using Mann-Whitney and Kruskal Wallis tests to compare CD with non-
CD subjects and adults versus children. Due to the small sample size, data are expressed as
both mean with standard deviation and median with range. Values of p<0.05 were
considered statistically significant.

Demographic characteristics and clinical parameters of the study participants are shown in
Tables 1 and 2. The median age of adult CD patients was slightly lower compared with
healthy controls, but the difference was not statistically significant (p=0.14). Children
ranged from 9-15 years of age.

No differences were observed in BMI levels between healthy adults and children, and
between adults and children with CD. All 4 of the pediatric subjects with BMI less than 18.5
were still within the normal range for their age (lowest Z-score was —1.6 and highest was
0.5). No differences were found between CD patients and healthy controls by age, gender,
BMI, folate, or hematocrit.

Effects of Crohn’s disease on Cytokine Profiles

The distributions of cytokine profiles (CD4+, CD4+CD45R0+, IFN-y, TNF-a, IL-4, IL-6)
by age and disease status are shown in Table 3.

CD4+ T Cells

No differences were found in the frequency of CD4+ cells between CD patients and healthy
controls in both adult and pediatric groups. TNF-a analyses revealed that pediatric CD
patients had higher frequencies of TNF-a (23.3+7.6%) compared with the controls
(11.3+2.2%; p=0.009) (Figure 1b). Similarly, the percentages of TNF-a. were increased in
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adult CD patients (30.5+10.6%) compared with controls (16.5+4.9%; p=0.047). Percentages
of cells expressing IL-4 were also higher in pediatric CD patients (0.4+0.2 %) than in
pediatric controls (0.1+0.1%; p=0.036, while IFN-y expressing cells were less common in
pediatric CD patients (4.66+0.9%) compared with pediatric controls (9.1+4.4%; p=0.009)
(Figure 1a and c)). In our previous study, newly diagnosed pediatric CD patients also
possessed lower IFN-y compared with healthy controls but the IL-4 did not differ
significantly between the two groups.24 In the present study, IL-6 percentages did not differ
between the two pediatric groups. No differences in IFN--y, IL-4, and IL-6 percentages were
found between adult CD patients and controls.

Noteworthy is that TNF-a expression was more prevalent in the patients whether or not they
were being treated with anti-TNF medications compared with the control group subjects,
independent of age (Figure 2).

CD4+CD45RO+ T Cells

When only the memory T cell population cytokine profile was considered, no significant
difference was found in CD4+CD45R0O+ cells between CD patients and controls in both age
groups. However, pediatric CD patients had decreased percentages of IFN-y cells
(7.1+0.9%) compared with controls (16.4+7.0%; p=0.009. No difference was found in TNF-
a, IL-4, and 1L-6 between CD patients and controls in both the adult and pediatric groups.

Effects of Age on Cytokine Profiles

The effect of age on cytokine profiles was investigated by comparing the CD4+,
CD4+CD45R0+, Thl, and Th2 in children and adults who were either CD patients or
controls.

CD4+ T cells

Among CD patients, the percentage of CD4+CD45RO+, IFN-y+ cells was more than three-
fold higher in adults (15.1+3.8%) than in pediatric subjects (4.6+0.9%; p=0.009) (Figure
1a). In contrast, IL-4 percentages were lower in adults (0.17+0.1%) compared with pediatric
subjects (0.4+0.2%; p=0.047) (Figure 1c). No significant differences in the CD4+, TNF-a,
and IL-6 were observed between the two age groups. Among healthy controls, the
percentages Thl cells (IFN-y and TNF-a) were slightly higher in adults and no differences
in CD4+, IL-4, and IL-6 were observed.

CD4+CD45RO+ T cells

The comparison of CD4+CD45R0O+ T cell between pediatric (8.1+1.6%) and adult CD
patients (14.1+3.5%) showed a notable increase with age (p=0.009) (Figure 1d). In addition,
percentages of CD4+CD45RO+IFN-y+ cells were significantly higher in adult CD patients
(14.2+5.8%) than in pediatric CD patients (7.1+0.9%; p=0.016). No differences were
observed for TNF-a, IL-4, and IL-6-expressing CD4+CD45R0O+ cells between the two age
groups.

DISCUSSION

We measured the intracellular production of IFN-y, TNF-a, IL-4, and IL-6 from CD4+ and
CD4+CD45R0O+ T cells in the peripheral blood of adult and pediatric CD patients and age-
matched controls. To distinguish between the effector capabilities between the
CD4+CD45RO+ memory T cells and the broader class of CD4+ T cells, we obtained a
separate set of flow cytometric data showing cytokine expression in the CD4+CD45R0O+
memory T cell compartment and compared the profiles of CD patients to the controls in both
age groups.
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The mean IFN-vy levels from CD4+ T cells were significantly lower in pediatric CD patients
than in controls. This supports our previous observation as well as other published data in
treatment-naive pediatric CD patients.24 26 These results, however, are in contrast to
findings from other studies that have evaluated the Th1/Th2 profiles in the intestinal mucosa
and/or peripheral blood associated with CD. In adults, increased expression of IFN-y was
found in peripheral blood or intestinal tissue of adult CD patients compared with controls, in
line with the accepted dogma of a Th1-mediated mechanism of disease.”:2-2° Similar to our
study, I1L-4 production has been reported to be inconsistent among CD patients.

We found that TNF-a expression was increased in pediatric CD patients, while levels of
IFN-y were decreased. Secretion of pro-inflammatory cytokines such as TNF-a in CD
patients is triggered by the Th1 response originating from an increase in IFN-y levels from
lymphocytes and macrophages and leads to continual immune activation. Since this aberrant
immune activation contributes to inflammation in IBD31, it is puzzling that the peripheral
levels of TNF-a in our CD children were elevated despite an apparent down regulation of a
Th1 response (i.e., decreased levels of IFN-y and increased IL-4). This observation may be
due to our relatively small number of subjects; however, the findings are consistent with
previous reports.24:26

IL-6 has been associated with CD due to its capability to induce synthesis of acute phase
proteins and inflammatory chemical pathways.8 In the present study, however, we did not
find any significant differences in the intracellular production of IL-6 between CD patients
and controls in both age groups. Previous studies suggest adult patients with CD have higher
serum or plasma levels of IL-6 compared with controls.6-31 In our study, production of IL-6
was measured only from circulating CD4+ T cells and their subsets. The predominant
sources of IL-6 in IBD patients during inflammation are activated monocytes, macrophages,
and to a lesser extent epithelial cells.> Our data may provide evidence that peripheral CD4+
T cell production of IL-6 is not a determining factor in the pathogenesis of pediatric and
adult CD. It is necessary to evaluate IL-6 expression from other cell types to gain a better
understanding of its role in CD pathogenesis.

Our analyses reveal that intracellular production of IFN-y by CD4+CD45R0O+ cells is
significantly reduced in pediatric CD patients compared with healthy controls, reflecting the
general trend seen in the overall CD4+ T cell population. Thus, it is likely that a down-
regulation in the activity of circulating memory Th1 cells and their production of IFN-y
occur in pediatric CD patients. On the other hand, no differences were seen in the
intracellular production of TNF-a, IL-4, and IL-6 from CD4+CD45R0O+ T cells between the
CD patients and controls in either age group. Previously, De Tena et a/. reported that the
percentages of CD4+CD45R0O+ T cells producing TNF-a and IL-6 were higher in adults
with active CD than in healthy controls. The intracellular production of IFN-y was also
greater in the active CD group compared with controls, though not statistically significant.1?
These results are discordant with our findings in both age groups. However, the range and
mean of ages of the study participants and the methods of cytokine analysis in the two
studies were different. Furthermore, the clinical status of remission in most of our patients
may have led to reduction in effector capabilities of circulating memory T cells to produce
cytokines in our CD patients. An investigation of memory T cells in the intestinal mucosa of
pediatric and adult CD patients may help elucidate the true function of CD4+CD45RO+ T
cells in the immunodysregulation associated with CD.

Earlier studies have examined the relationship between age and cytokine profiles throughout
development.23:33 However, with the exception of our previous assessment in newly
diagnosed CD children, this is the first study to evaluate peripheral cytokine levels with age
in CD patients. We previously reported that while CD4+ T cell frequencies remain constant
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among pediatric CD patients and controls with increasing age, the percentage of Thl cells
steadily increases with age in both groups.24 Similarly, in this study the overall production
of Thl cytokines from CD4+ T cells was generally higher in healthy adults compared with

pediatric subjects. Our findings corroborate earlier reports of an increase in Thl cells with
age.23.33,34

We found that the percentages of CD4+CD45RO+ T cells increased with age in CD
patients. In contrast, no difference was noted between the groups of healthy children and
adults. Only a few studies have followed the changes in expression of circulating
CD4+CD45R0+ population with age in healthy subjects.3%:36

In summary, our study demonstrates an increased production of the pro-inflammatory
cytokine TNF-a in CD patients of both pediatric and adult groups. Our clinical data also
support differences in disease phenotype between adult and pediatric patients with
inflammatory bowel diseases.3” The results suggest that fundamental differences exist
between adults and children in the immunological mechanisms of CD pathogenesis. In
addition, age can be an important determining factor in cytokine regulation in both healthy
and CD-diagnosed subjects. Although our study was limited by sample size and subjects
heterogeneity, we still detected several statistically significant differences in cytokine levels
between groups. It should be noted that functional cytokine analyses were performed after /n
vitro stimulation with PMA and ionomycin which may over-stimulate a traditional /n vivo
process. Furthermore, not all of our CD patients were newly diagnosed with the disease, and
some had been receiving medical therapy prior to sample collection, raising the possibility
of cytokine profile alterations due to drug therapy. Nevertheless, the data obtained may help
to elucidate immunological changes in CD patients of varying ages.

Although these investigations have shed light into the peripheral blood cytokine profiles of
pediatric and adult CD patients, further research is necessary. £x vivo analyses and /n situ
measurement of mucosal tissue must be performed to determine if peripheral cytokine
profiles correlate with disease activity. Larger sample sizes with a broader age distribution
would be ideal to determine if a correlation does exist — both in diseased and non-diseased
patients — between age and percentage of Thl or Th2 secreting CD4+ T cells. Additional
analyses on the Th17 subset (e.g., IL-17, IL-23, IL-18, and TGF-B) should be included in
future analyses.
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Figure 1. Cytokine expression in pediatric and adult CD patients and control subjects

a) IFN-v is significantly higher in adult CD patients than in pediatric CD patients (p=0.009).
Pediatric CD patients have significantly lower percentage of cells expressing IFN-y than
pediatric controls (p=0.009).

b) Adult CD patients have increased TNF-a compared to adult controls (p=0.047). Pediatric
CD patients have significantly higher TNF-a than pediatric controls (p=0.009).

c) IL-4 production is significantly higher in pediatric CD patients than in pediatric controls
(p=0.036). Children with CD have higher IL-4 than adult patients (p=0.047).

d) Percentages of CD4+CD45R0O+ T cells (memory T cells) among adult and pediatric CD
patients and controls are higher in adult CD patients compared to pediatric CD patients
(p=0.009).

Each circle represents one study subject.

Values are mean and standard deviation (CD = Crohn’s Disease; IL-4 = Interleukin-4; IFN-
v = Interferon-gamma; TNF-a = Tumor necrosis factor-alpha)
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Figure2.

TNF-a Cell Percentages in Patients Treated or Untreated with anti-TNF-a Medications
compared with Controls. Patients have higher TNF-a compared with controls, independent
of use of anti-TNF-a medication (infliximab, adalimumab).
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Immunological profiles of study population

Table 3
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Adult Crohn’s Disease Patient | Adult Control | Pediatric Crohn’sDisease Patient | Pediatric Control
Number of Subjects 5 5 5 5
CD4+ T Cells
CD4 (%) 37.0+10.9 29.749.9 31.2+7.6 31.5+8.4
IFN-y (%) 15.143.8 ° 15.6+6.6 46409~ 9.1x44
TNF-a (%) 305+10.6 * 16.5+4.9 233476 * 11.3+2.2
IL-4(%) 02402 ° 0.2+0.1 04202 * 0.120.1
1L-6 (%) 0.2+0.2 0.3+0.2 0.33+0.3 0.4+0.4
CD4+CD45RO+ T Cells
CD4 CD45RO (%) 141435 ° 11.245.1 8.14%1.6 8.783.7
IFN-y (%) 142458 ° 13.0£7.2 71409 * 16.4£7.0
TNF-a (%) 24.3+6.4 21.5+9.8 22.8+8.2 22.6+3.7
1L-4(%) 0.7+0.3 1.0+0.9 0.8+£0.6 0.9+0.5
IL-6 (%) 1.2¢1.2 1.0+0.7 1.4+2.0 0.9+0.6

Values expressed as mean * standard deviation

*
Difference between Crohn’s disease patients and controls in the same age group is statistically significant (p<0.05)

 Difference between age groups within the same disease category is statistically significant (IFN-y = Interferon-gamma; TNF-a = Tumor necrosis
factor-alpha; IL-4 = Interleukin-4; IL-6 = Interleukin-6)
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