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Abstract

Background. Infliximab is an effective treatment for
Crohn’s disease in patients with poor prior response to
conventional therapy. The mechanism by which infliximab
induces clinical improvement is not completely known. Aim.
The aim of the study was to investigate the influence of
infliximab on immunological parameters in peripheral blood
and inflamed intestinal mucosa. Methods. Twenty-five
patients with Crohn’s disease (11 with luminal and 14 with
fistular form) underwent treatment with infliximab. The
lymphocyte populations from the peripheral blood and the
inflamed intestinal mucosa were analysed by flow cytometry
before treatment and 14 days later. Results. After treatment,
the peripheral blood analysis showed a significant increase
in the percentage of CD19 cells and the concentrations of
CD3, CD4, CDS8 and activated (HLA DR positive) T cells,
while the percentage of NK cells was reduced. In the
inflamed mucosa, a significant decrease in the percentage
of activated T cells and expression of HLA I molecules by
epithelial cells was noted. Conclusions. Infliximab
profoundly downregulates inflammation in the intestinal
mucosa of patients with Crohn’s disease. This effect is
manifested by a reduction of activated T cells, main
producers of proinflammatory cytokines, in the inflamed
mucosa.
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Introduction

Crohn’s disease (CD) is a chronic inflammatory bowel
disease of unknown etiology. Standard medical treatment
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is directed towards nonspecific suppression of inflammation
(1-4). However, a substantial number of patients have
serious side effects or do not respond to this therapy (5).
Tumour necrosis factor oo (TNF-) is a typical proinflam-
matory cytokine and is considered to play a pivotal role in
CD; its production in intestinal mucosa is increased in
patients with CD and often correlates with the severity of
the inflammation (6-8). The hypothesis that TNF-a may be
of particular importance in the induction and perpetuation
of intestinal inflammation has led to the development of a
treatment directed at blocking its proinflammatory actions.
Infliximab, chimeric monoclonal antibody to TNF-q,, is an
effective treatment for moderate to severe luminal and
fistulizing CD with an inadequate prior response to all
conventional therapy (9-14). The mechanism by which
infliximab induces clinical improvement in patients with CD
is not completely understood (15,16). However, the long
duration of response suggests that its mechanism of action
is not the simple elimination or blockage of TNF-a., but that
it also has a sustained effect of the downregulation of the
hyperactive inflammatory state within the mucosa (17).

To test the hypothesis that infliximab significantly
downregulates inflammation in CD, we performed the flow
cytometric analysis of the lymphocyte populations from
the peripheral blood and from the inflamed intestinal mucosa
before treatment and 14 days later (before the patients with
fistulizing form of CD received the second infusion of
infliximab due to standard protocol — one infusion for luminal
form and 3 infusions for fistulizing form at week 0, week 2
and week 6).

Methods

Patients

Twenty-five patients with the active luminal or fistulizing
form of CD for at least 6 months were included in an open
label prospective study at the Department of Gastro-
enterology in Ljubljana. The patients’ mean age was 40 years
(range 19-60) and mean disease duration was 10 years (range
1-22).
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Inclusion criteria for active luminal disease comprised:
moderately to severely active ileal and/or colonic form of
CD (11 patients) not adequately responding to prior
conventional treatment with 5-aminosalicylates (5-ASA) 4.5
g/day given for at least 2 months, antibiotics (metronidazole
1.2 g/day and/or ciprofloxacin 1g/day) given for at least 1
month, 6-methyl-prednisolone up to 42 mg/day given for at
least 2 months and azathioprine (AZA) 2.5 mg/kg/day given
for at least 6 months. The activity of the disease was
evaluated by Crohn’s disease activity index (CDAI) (18).
CDALI scores were calculated from patient diaries within a
week before the start of the study. The mean CDAI score for
the group was 280 (range 180-320).

The following inclusion criteria were used for fistulizing
disease: single or multiple draining fistulas occurring as a
complication of CD (14 patients), with no prior response to
standard treatment with metronidazole 0.8g/day and/or
ciprofloxacin 1g/day given for at least 2 months, and AZA
2.5mg/kg/day given for at least 6 months.

Exclusion criteria were: other complications of CD (e.g.
symptomatic strictures or stenosis, abscesses, previous total
colectomy), a history of allergy to murine proteins, a serious
infection in the previous 3 months, and prior treatment with
any anti TNF-o medication.

The protocol allowed concomitant treatment with 5-ASA,
antibiotics, corticosteroids or AZA, but the dosage had to
be stable for at least 2 months before enrolment. All 19
patients who tolerated AZA, regardless of their previous
response, continued to receive the drug at a stable dose of
2.5 mg/kg/day. Smoking was not allowed for two months
before enrolment and for the next 14 days.

The study was approved by the Ethical Committee of
the Republic of Slovenia (approval No. 57/03/20 of
March 21, 2000). Informed consent was obtained from all
patients.

Treatment protocol

All patients were admitted to our day-care center.
Infliximab was administered by infusion at a dose of 5 mg/
kg. The drug was filtered and diluted in a glass bottle with
500 ml of normal saline and then infused through a 0.22
micron low-protein binding filter slowly over a two-hour
period.

Peripheral blood cell counts and lymphocyte

populations

Blood samples for routine laboratory tests, WBC counts
and flow cytometry were collected directly before infliximab
administration and after two weeks.

Biopsies from the intestinal mucosa

Endoscopy was performed within 2 days before and 14
days after treatment with infliximab. During the procedure,
three biopsy specimens for flow cytometry were collected
from the inflamed area in the vicinity of lesions, ulcerations
or fistulas. In each patient, both endoscopic procedures
were performed with the same instrument and by the same

endoscopist, and the samples were collected from the same
sites. The location of lesions was recorded by the distance
from the anus and by the clockwise orientation. The colon
was involved in 9 patients, the ileum in 8, and both colon
and ileum in 8.

Flow cytometry

The expression of cell antigens was measured on
lymphocytes from fresh whole blood collected into EDTA-
Vacutainer tubes, or on cells isolated from bioptic samples.
Biopsy material was rinsed with RPMI and mechanically
dispersed by Medimachine (Becton Dickinson, Mountain
View, CA). The suspension was then transferred to a tube
containing RPMI, supplemented with collagenase (5 mg/
ml, Sigma, Missouri, USA). The capped tube was incubated
at 37°C for 20 min, and the suspension was triturated gently
every 5 min through a wide-bore pipette to assist
disintegration. The cells were washed twice with PBS and
prepared for flow cytometry.

Monoclonal antibodies conjugated with fluorochromes
were purchased from Becton Dickinson (Mountain View,
CA, USA). Flow cytometry analysis was performed using a
fluorescence cell counter (FACS Calibur Becton Dickinson,
Mountain View, CA). A two-parameter analysis was
performed to determine the percentages of T cells (CD3),
CDA4 T Cells (CD4), CD8 T cells (CD8), B cells (CD19), NK
cells (CD16, CD56) and epithelial cells (anti-cytokeratin), as
well as the median fluorescence intensity (Int), which reflects
the overall level of expression of the epitope specifically
recognized by monoclonal antibodies (anti-HLA DR and
anti-HLA I) by T cells and epithelial cells. Cells were labeled
with monoclonal antibodies and analyzed with BD Cell Quest
software.

Evaluation of safety

Patients were monitored for possible drug adverse
effects. Their blood pressure, pulse and temperature were
measured at 30-minute intervals during the infusion and
over the following two hours. At the follow-up visit 14 days
after the treatment, they were questioned about any adverse
experiences and their outcome.

Statistical analysis

The paired two way Student’s t-test was used to compare
the means of the measured variables before and two weeks
after the treatment. P < 0.05 was considered statistically
significant.

Results

The patients’ characteristics are presented in Table I.

Although the evaluation of the clinical and endoscopical
response 14 days after a single infusion of infliximab would
be too early (clinical evaluation was done after 3 months),
we recorded clinical improvement in 23 patients (decrease
in CDAI scores and decrease in secretion from fistulas) and
also endoscopic improvement in 20 patients (decrease in
CDEIS scores).
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Table I Characteristics of the 25 patients included in the study
Gender Age Duration Type of Localisation CDAI Medication Medication EIM EIM Adverse
(M,F) in years disease  of disease before before after before after events
therapy therapy therapy therapy therapy
1. F 60 22 L C 320 AZA AZA 2 2 -
2. F 33 12 L I 310 0 0 1 1 -
3. F 60 6 L C 290 AZA 0 2 1
4. F 33 1 F I AZA+CST AZA 2 1 -
5. M 30 11 F IC AZA AZA 1 1 -
6. M 49 12 F C AZA AZA 1 1 +
7. M 26 8 F I AZA AZA 1 1 -
8. F 49 21 L IC 270 AZA+CST AZA 2 1 +
9. F 23 4 F IC AZA AZA 1 1 -
10. F 31 12 L C 180 CST 0 2 1 -
11. F 49 1 L C 260 AZA+CST AZA 2 1 -
12. F 60 15 L C 230 CST AZA 2 1 -
13. F 43 12 L I 310 0 AZA 2 1 +
14. M 43 15 F IC AZA+CST AZA 1 1 -
15. M 39 15 F I AZA+CST AZA 1 1 -
16. F 50 16 F IC AZA+CST AZA 2 1 -
17. F 30 1 F C 0 0 1 1 -
18. M 43 20 L I 310 AZA+CST AZA 1 1 -
19. F 19 5 F I AZA 0 1 1 -
20. M 26 2 F IC CST AZA 1 1 +
21. M 41 12 L C 310 CST CST 2 1 -
22. F 37 9 L IC 290 0 AZA 2 1 -
23. F 39 9 F C AZA+CST AZA 1 1 +
24. M 36 12 F I AZA AZA 1 1 -
25. M 41 7 F I AZA+CST AZA 2 2 +

Type of disease: L-luminal, F-fistular; Localisation: I=ileum, C=colon, IC=ileum+colon; Medication: AZA=azathioprin;
CST=corticosteroids; EIM = extraintestinal manifestation: 1 - absent; 2 - present; Adverse events: + = present, - = absent

Total WBC counts and lymphocyte populations in

peripheral blood in patients with CD before and

two weeks after the treatment

The patients’ median lymphocyte and WBC counts were
within the normal range both before and 14 days after
infliximab therapy (Table II). Comparison of the pre- and
post-treatment values showed that the treatment was
followed by a significant increase in the median percentage
of lymphocytes (from 21% to 27%, p=0.005) and a significant
decrease in total WBC (from 7600 to 6700/mm3, p=0.05). Two
weeks after the treatment, the patients had a significantly
increased percentage of CD19 cells (p=0.04) and signifi-
cantly increased concentrations of CD3 (p=0.001), CD4
(p=0.001), CD8 (p=0.04) and activated (HLA DR positive)
T cells (p=0.008), while the percentage of NK cells was
reduced (p=0.03). The most significant changes were the
increased concentrations of CD3, CD4 and activated T cell.

Lymphocyte populations in bioptic samples from

patients with CD before and two weeks after treatment

The flow-cytometric analysis of bioptic samples showed
a significant decrease in the percentage of activated T cells
(p=0.04) and expression of HLA I molecules by epithelial
cells (p=0.003) 14 days after infliximab administration (Table
).

Side reactions
In both groups, infliximab was well tolerated and no
serious side reactions were recorded. Six patients, 2 in the

Table II Flow cytometric analysis of peripheral blood lymphocytes
in patients before treatment (day 0) and 14 days after treatment
(day 14)

Day 0 Dayl14 t-test (p)

L (N) 7.6 6.7 0.05 4
Ly (%) 21.0 27.7 0.005 T
CD3 (%) 75.6 77.0 0.32
CD3 (N) 1049.1 1332.1 o0.001 T
CD19 (%) 10.9 12.2 0.04 T
CD19 (N) 142.0  196.5  0.08
CD4 (%) 47.2 47.2 0.49
CD4 (N) 627.1  816.1  0.001 T
CDS8 (%) 31.1 31.5 0.41
CDS8 (N) 436.3  522.0  0.04 T
CD4/8 1.7 1.9 0.23
DR/3 (%) 16.4 19.0 0.09
DR/3 (N) 248.4  365.6  0.008 T
NK (%) 12.7 9.6 0.03 4
NK (N) 162.6 1523  0.28
DR/3 (Int.) 110.1  133.6  0.24
HLA 1/3 (Int.) 1072.7 9855  0.18
DR/8 (%) 10.7 51.3 0.16
DR/8 (Int.) 2859  263.1  0.32
HLA 1/8 (Int.) 1156.8 980.8  0.08

Results represent average blood concentrations (N/mm3), percentages
(%) or fluorescence intensities (Int.) as measured in 25 patients in
the trial.

L — leukocytes; Ly — lymphocytes; CD3 — T cells; CD19 — B cells;
CD4 — CD4 T cells; CD8 — CD8 T cells; CD4/8 — quotient CD4 vs.
CD8 T cells; DR/3 — HLA DR + T cells; NK — NK cells; HLA 1/3 —
HLA T +T cells; DR/8 — HLA DR CDS8 T cells; HLA 1/8 — HLA T +
CD8 T cells
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luminal and 4 in the fistulizing group had minor adverse
events (hypertension, flu-like symptoms, fever, angina-like
syndrome, weakness, and chest pain). No changes in routine
biochemistry and urinary analysis were recorded.

Table III Flow cytometric analysis of cells from bioptic samples
before treatment (day 0) and 14 days after treatment (day 14)

Day 0 Day 14 t-test (p)
Ly (%) 12.6 10.2 0.23
CD3 (%) 54.5 57.5 0.33
CD19 (%) 5.9 7.2 0.22
DR/3 (%) 34.8 34.4 0.46
DR/3 (Int.) 223.2 128.1 0.04 |
HLA I/3 (Int.) 703.1 618.4 0.07
DR/8 (%) 17.1 17.7 0.36
DR/8 (Int.) 202.5 262.0 0.12
HLA I/8 (Int.) 649.1 648.4 0.32
DR/cyto (Int.) 1819.8 1542.8 0.24
HLA I/epit (Int.) 1797.1 936.1 0.003 |

Results represent average percentages (%) or fluorescence intensities
(Int.) as measured in 25 patients in the trial.

Ly — lymphocytes; CD3 — T cells; CD19 — B cells; DR/3 — HLA DR
+ T cells; DR/8 — HLA DR CDS8 T cells; HLA 1/3 — HLA 1 +T cells;
HLA I/8 — HLA 1 CD8 T cells; DR/cyto — epitelial cells, which
expres HLA DR; HLA I/epit - epitelial cells, which express HLA C.

Discussion

In our study we analyzed the effect of treatment with
infliximab on the number and activation state of T cells in
the peripheral blood and inflamed bowel mucosa of patients
with CD. Fourteen days after administration of the drug, the
median percentage of lymphocytes in peripheral blood was
significantly higher than before the treatment, while the total
WBC count was significantly lower. In addition, the
percentage of CD19 cells and the concentrations of CD3,
CD4, CD8 and activated (HLA DR positive) T cells were
significantly elevated, the percentage of NK cells was
reduced, and the CD4/CD8 ratio was unchanged. Evaluation
of bioptic samples from inflamed intestinal mucosa revealed
a significant decrease in the percentage of activated T cells
and in the expression of HLA I molecules by epithelial cells.
We recorded also clinical and endoscopic improvement in
the majority of patients.

The etiology of CD is unknown, but the interplay of
genetic, environmental and immunopathogenetic factors is
strongly suggested (19-22). Although markedly increased
intestinal lymphocyte activation of several lymphocyte
populations is a major immunological alteration in CD, only
a few studies have evaluated these parameters in peripheral
blood and in bioptic samples from inflamed intestinal mucosa
before and after treatment with infliximab (23). Cornillie et al
summarized data from three clinical trials of infliximab in
patients with CD (24). In one of these trials, the percentage
of circulating lymphocytes in peripheral blood was increased
between weeks 2 and 14 after infliximab infusion while WBC
counts were decreased. This is in accordance with our study.

We also found significantly increased median counts

of lymphocytes after the treatment. Fourteen days after the
therapy all subsets of lymphocytes in peripheral blood
showed a tendency to approach normal values. At the same
time, the WBC count significantly decreased. Despite all
these changes, the median lymphocyte and WBC counts
were all the time within the normal range. Two weeks following
the therapy, significant increases in the concentrations of
CD3, CD4 and CDS cells, the percentage of CD19 cells and
the concentration of activated (HLA DR positive) T cells
were recorded. Due to the increased concentrations of CD3
and CD19 cells, a concomitant decrease in the percentage
of NK cells was noted.

Similar results were reported by Maurice et al, who
observed increased numbers of circulating CD4 and CD8 T
cells in the peripheral blood of rheumatoid arthritis patients
three days after the infusion of infliximab (25). They
attributed these changes to the effects of infliximab.
According to their hypothesis, infliximab blocks homing of
Th1 cells, responsible for the secretion of proinflammatory
cytokines, into the inflamed tissue. As a result, these cells
temporarily accumulate in peripheral blood. Our results
obtained two weeks after infliximab adiministration also
indicate the accumulation of T cells and activated T cells in
the peripheral blood and thus support the above hypothesis.
We might add to the above hypothesis another one: the
effect of infliximab on homing blocking starts early and later
disappears, as Cornillie et al did not describe any significant
changes in the percentages or concentrations of T cell
subsets in the peripheral blood six weeks after infliximab
treatment (24). However, as observed in our study, this
blocking effect is still active at two weeks. It seems that
infliximab treatment, by inhibiting the mucosal inflammation
restores the peripherial blood immunodeficiency state to
normal values of lymphocyte concentrations.

Two weeks after treatment, our patients had significantly
decreased percentages of activated T cells and significantly
reduced expression of HLA I molecules by epithelial cells in
the intestinal lamina propria. Infliximab was probably
responsible for these changes, which might be regarded as
indirect signs of silencing of the inflammation. This may be
explained by increased cell lysis at the site of inflammation
and by decreased cell influx (due to inhibited homing) into
inflamed intestinal mucosa. Similar observations were made
by D’Haens et al (26), Baert et al (27) and Agnholt et al (28).
In addition to our results, Lugering et al., ten Hove et al., Di
Sabatino et al. and Shen et al. demonstrate that apoptosis of
monocytes and activated T lymphocytes in the intestinal
lamina propria via the caspase pathway may be an important
mechanism which explains the powerful and sustained anti-
inflammatory effect of infliximab in patients with chronic
active CD (29-32).

Conclusion

Our data confirm that TNF-a blockage with infliximab
has marked effects on the gut mucosa, which include
downregulation of activated T cells capable of producing
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proinflammatory cytokines and of the expression of T cell —
activating ligands and receptors. At the same time, infliximab
seems to block homing of Thl cells from peripheral blood
into the inflamed tissue. As a result, these cells temporarily
accumulate in the peripheral blood. Therefore the therapeutic
effect of infliximab consists of direct and rapid modulation
of mucosal inflammation, while the systemic immune function
remains largely unchanged. The fact that infliximab
downregulates the number and activation state of mucosal
T cells suggests that TNF-a is critical for the maintenance
of the hyperactive T-cell state in CD. The present findings
should provide a starting point for further research.
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