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Abstract

AlIM: To study the effects of perioperative administration of
cimetidine (CIM) on peripheral blood lymphocytes, natural
killer (NK) cells and tumor infiltrating lymphocytes (TIL) in
patients with gastrointestinal (GI) cancer.

METHODS: Forty-nine Gl cancer patients were randomized
into treatment group, who took CIM in perioperative period,
and control group, who did not take the drug. The treatment
was initiated 7 days before operation and continued for 10
days after surgery. At baseline examination before
operation, on the 2nd and 10th postoperative days, total T
lymphocytes, T helper cells, T suppressor cells, and NK
cells in peripheral blood were measured respectively by
immunocytochemical method using mouse-anti human CD3,
CD,, CDg and CDs; monoclonal antibodies. Blood samples
from 20 healthy volunteers were treated in the same way
as normal controls. Surgical specimens were examined
during routine histopathological evaluation for the presence
of TIL in tumor margin. Immunohistochemical study was
performed to measure the proportion of T and B
lymphocytes in TIL population. T and B lymphocytes were
detected respectively using mouse-anti-human CD; and
CD,, monoclonal antibodies.

RESULTS: In comparison with normal controls, both the
treatment and control groups had decreased T cells, T helper
cells and NK cells at baseline. In control group, total T cells,
T helper cells and NK cells declined continuously with the
disease progression and the decrease became more obvious
after operation. From baseline to the 2nd postoperative day,
the proportion of total T cells, T helper cells, and NK cells
went down from 60.5+4.6% to 56.2+3.8%, 33.4+3.7% to
28.1+£3.4%, and 15.0+2.8% to 14.2+2.2%, respectively.
On the other hand, there were significant improvements
in these parameters after CIM treatment. On the 10th
postoperative day, the treatment group had significantly
higher percentages of total T cells, T helper cells and NK
cells than control group. Moreover, CIM treatment also
boosted TIL response, as was reflected by findings that 68%

(17/25) of the patients in treatment group had significant
TIL responses and only 25% (6/24) of the cases had
discernible TIL responses (P<0.01).

CONCLUSION: Perioperative application of CIM to Gl cancer
patients could help restore the diminished cellular immunity
induced by tumor burden and surgical maneuver. The drug
could also boost TIL responses to tumor. These effects
suggest that the drug be used as an immunomodulator for
Gl cancer patients.
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INTRODUCTION

Gastric and colorectal cancers are the most common cancers
in China, with their incidence ranking number one and
number four respectively. Although surgery, chemotherapy
and radiotherapy are major treatment options for Gl cancer,
the long-term survival is low. Treatment failure is mainly
due to recurrence and metastasis. One major cause for such
an adverse outcome is the patients’ diminished immunity
against residual tumor cells after surgery. Therefore, how to
restore and improve the patients’ immunity against cancer
has been an area of active study.

There has been much progress in understanding the
relationship between theimmune system and Gl cancer, which
has|ed to the use of immunomodulatory therapy as an adjuvant
and palliative trestment. Many non-specificimmunomaodul atory
agents such as levamisole, CIM, alpha interferon, n-3 fatty
acids, polysaccharide K (PSK), supplementary diet with
glutamine, arginine and omega-3-fatty acids, and Bacillus
Camette-Guerin (BCG) have been tried*¥, CIM is atype 2
histamine receptor antagonist widely used for the treatment of
peptic ulcers. It aso hasimportant effects on immune system.
Administration of CIM has been found to preserve, to some
degree, the patients' perioperative immunity®®, to improve
the survival of patientswith colorectal cancer, melanoma, and
renal cell cancer™9. Althoughit isnot clear whether thiseffect
of CIM on cancer is direct or indirect, it has been proposed
that CIM may act by enhancing the host immune response to
tumor cells**17 or by blocking the cell growth-promoting
activity of histamine in cancer cell lineg41620],

In this study, we used CIM in the perioperative period as
an adjuvant immunomodulatory agent, and studied its effects
on peripheral blood lymphocytes, NK cellsand TIL in a
randomized controlled clinical trial in patientswith Gl cancer.



Lin CY et al. Perioperative cimetidine application promotes cellular immunity in gastrointestinal cancer 137

MATERIALS AND METHODS

Study design

Thiswas a prospective, randomized clinicd trial. The subjects
included in this study were selected from patients with
pathologically confirmed Gl cancer who were admitted to the
Department of Oncology, Zhongnan Hospital of Wuhan
University, from Sept.1997 to May 1998. The entry criteria
were: primary Gl cancersindicative of surgery, no preoperative
evidenceof distant metastasis, no history of previousimmunity-
impairing chronic diseases such as diabetes mellitus, and no
history of preoperative chemotherapy, radiotherapy or
immunotherapy. From atotal of 125 patients admitted during
this period, 49 eligible patients were recruited and staged
according to the International Union against Cancer
Classification. After signing informed consent forms, the
patients were randomized into treatment group (n=25) and
control group (n=24). The clinico-pathological characteristics
of the two groups were comparable and balanced. The patients
in treatment group started oral CIM treatment (Tagamet,
Tianjin Smith Kline and French Laboratories Ltd.) at the dose
of 400 mg, tid, 7 days before operation until the operation
day. During and after operation, they were given CIM at
600 mg, i.v. drip, bid, until the 10th postoperative day. The
patients in control group received similar routine treatment
except for perioperative CIM intervention. All the patientsin
both groups underwent curative resection of cancer.

Separation of peripheral blood mononuclear cells (PBMCs)
and immunocytochemical staining

From all the patients in both groups, 2 ml of venous blood was
taken and heparinized at admission, before operation, on the
2nd and the 10th postoperative days, respectively. PBMCswere
obtained immediately by standard Ficoll-Hypague gradient
centrifugation at 2 000 rpm for 20 min at 4 ‘C and smeared
onto dlides, dried and fixed for immunocytochemical staining.
The primary antibodies were mouse-anti-human CDs, CD,,
CDs and CDs; monoclonal antibodies (Sigma Chemical
Company, St Louis, MO, USA) for the detection of total T
lymphocytes, helper T lymphocytes, inhibitor T lymphocytes
and natural killer (NK) cells, respectively. The primary
antibody was visualized with avidin-biotin-peroxidase
supersensitive kit (Wuhan Boster Bioengineering Co. Ltd.,
Wuhan, China). The slides were counterstained with methyl
green. PBMCs from 20 healthy controlswere processed in the
same way as hormal controls.

The slides were mounted and viewed under binocular
microscope (Olympus, Japan) by an independent viewer.
Positive cellswere stained green in nuclel and yellow-brownin
cytoplasm and cell membrane (Figure 1). A total of 200 cells
were counted on each slide and positive cells were recorded.
The immunocytochemical staining procedure was repeated 3
times and the percentage of each cell subpopulation was
calculated and expressed as mean + standard deviation (X+s).

Immunohistochemical study on TIL in surgical specimens

Immediately after resection, the specimens were cut open and
washed clean. For each patient, three pieces of tumor samples
were taken at different sitesfrom the peripheral margin of the
tumor, fixed in 10% neutral formalin and processed in standard
histopathology procedure. For observation of TIL responses,
conventional HE staining was performed on the 4 mm thick
tissue sections. Immunohistochemical staining on the sections
was conducted for subpopulation study of TIL, with anti-
CD; monoclonal antibody to recognize T lymphocytes and
anti-CD,, monoclonal antibody to recognize B lymphocytes
(both from Sigma). The immunohistochemical staining
procedure followed a standard protocol. The sections were

counterstained by hemotoxylin, mounted and interpreted
under microscope. The number of TIL wasrecorded in five
high power (HP, 200x) view fields randomly chosen at the
tumor border. The degree of TIL response was determined
based on amodified grading system by Jass?. Grade | (&):
no TIL response, in which there were less than 10 infiltrating
lymphocytes per HP view field; grade Il (+): mild TIL
response, in which there were 10-100 infiltrating lymphocytes
per HPview field; grade 11l (++): intermediate TIL response,
in which there were 101-200 infiltrating lymphocytes per HP
view field; and grade IV (+++): prominent TIL responsein
which there were over 201 infiltrating lymphocytes per HP
view field. Grades | and Il TIL responses were defined as
poor responses and grades 111 and IV lymphocyte responses
as significant responses.

Figure 1 Immunocytochemical staining of PBMCs with
monoclonal antibodies to CDs;, CD,, CDs and CDs,. Positive
cells were stained green in the nuclei and yellow-brown in
cytoplasm and cell membrane. The microphoto showed CD;
positive cells.

Statistical analysis

All data were expressed as mean * standard deviation (X+s).
Analysis of variance (ANOV A) was used to process the data
within groups. Student’ st test and chi-square test were used to
eva uate the differences between groups. For the comparison
in TIL response among different tumor TNM stages, Fisher’ s
exact test was used. All the tests were two-tailed with alevel
of significance P=0.05.

RESULTS

Clinico-pathological characteristics of patients

A totd of 49 eligible patients were enrolled in this study, 25 of
whom were randomized into treatment group and 24 into
control group. Their clinico-pathological characteristics are
detailed in Table 1. There were no statistically significant
differences in demographic and histopathologic variables
between the two groups (P>0.05) (Table 1).

Percentages of lymphocyte subpopulations at baseline

At randomization, the percentages of CD;*, CD,*, CDs;" cells
and the CD,*/CDg" ratio in both treatment and control groups
were lower than those in normal control (P<0.001), and the
percentage of CDg" cellswas higher in treatment and control
groups than in normal control (P<0.05) (Table 2). There
were no statistically significant differences between the
treatment and control groupsin the percentages of the above
parameters, implying that the patients were well balanced
with regard to peripheral lymphocyte subpopulations at
randomization. The results indicated that the cellular
immunity was significantly decreased in patients with Gl
cancer in this study population.
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Table 1 Clinico-pathological characteristics of 49 Gl cancer
patients

Parameters Treatment group Control group
(n=25) (n=24)

Age ()

Mean (range) 50 (25-73) 53 (27-78)
Gender

Male 13 16

Female 12 8
Tumor sites

Stomach 6 5

Colon 3 3

Rectum 16 16
Pathological types

Tubular adenocarcinoma 14 12

Papillary adenocarcinoma 3 3

Villous adenocarcinoma 2 1

Signet-ring-cell carcinoma 2 3

Mucous adenocarcinoma 4 5
TNM stages

| 3 5

] 7 9

i 9 6

v 6 4
Tumor differentiation

Well differentiated 5 6

Moderately differentiated 8 7

Poorly differentiated 12 11

All the variables showed no statistically significant differences
between the two groups (P>0.05).

Table 2 Baseline values of lymphocyte subpopulations in pe-
ripheral blood mononuclear cells of normal control, treatment
and control groups (%, X+s)

GroupS n CD:;+ CD4+ CDB+ CD57+ CD4+/CD3+

Normal 20 67.1+6.3 40.24¢5.1 27.7#5.0 18.5+2.31 1.49/0.24
control
Treatment 25 60.846.3° 33.6+4.2° 30.6+5.2 14.8+4.4* 1.15+0.34°

Control 24 60.5+4.6° 33.4+3.7° 31.0£3.9° 15.0+2.8% 1.11+0.25°

2P<0.05 vs normal control, °P<0.01 vs normal control.

Changes in lymphocyte subpopulations in PBMCs during CIM
treatment

During the perioperative period, dynamic changes in the
percentages of peripheral blood lymphocyte subpopulations
wereobserved in both treatment and control groups. Preoperative
treatment with CIM for 1 wk had positive effects on the
percentages of CD;*, CD," lymphocytes, and CD,*/CDg" ratio.
CD;* cells were increased from 60.8+6.3% at randomization
to 63.0+4.9% after CIM treatment for 1 wk. After operation,
CD;" cellswere decreased to 60.3+5.4% on the 2nd postoperative
day, and recovered gradually thereafter until it reached
64.2+3.9% on the 10th postoperative day, which was higher
than the pretreatment level. In contrast, the percentage of CD;*
cells in control group continued declining during the
perioperative period, and became significantly lower than that
in the treatment group on both the 2nd and 10th postoperative
days. The changesin CD," and CDs;" cells followed a similar
pattern (Table 3, Figures 2, 3, 4).

Effects of CIM treatment on TIL
In addition to routine histopathological examinations of

resected specimens, all the tumor sections were reviewed for
the presence of peritumor lymphocytesand TIL responses. Six
out of 24 patients (25%) in control group had discernible
lymphocyte infiltration in the peritumor area, whereas 17 out
of 25 cases (68%) in CIM treatment group had obvious TIL
responses (P<0.01) (Table 4).

Table 3 Changes of lymphocytes and NK cells in perioperative
period (%, Xs)

Perioperative period

Items Groups

A B C D
CD;* Treatment 60.846.3  63.0+4.9¢ 60.3+5.42 64.2+3.9¢
Control 60.5+4.6 61.0+2.7 56.2+3.8°¢  58.6+4.0%°
CD,* Treatment 33.6x4.2 36.3+3.4% 32.8+4.0¢ 36.616.2¢
Control 33.4+3.7 32.8+3.3° 28.1+3.4°¢  30.4£3.3%°
CDg*  Treatment  30.6£5.2  29.6+4.3 31.1+4.3 29.4+3.6
Control 31.0+3.9 31.2+48  32.9+4.4®  32.1%#5.3
CDs;* Treatment 14.844.4  15.7+3.8  17.2+3.7 21.1+4.5°
Control 15.0+2.8  13.1+2.5  14.2+2.2° 15.6+1.7°

1.15+0.34 1.25+0.23* 1.08+0.21¢ 1.27+0.30°
1.11+0.25 1.08+0.22° 0.87+0.17° 0.98+0.24%

CDs* Treatment
/CDg" Control

A: at admission, B: before operation, C: on the 2nd postopera-
tive day, D: on the 10th postoperative day. *P<0.05, “P<0.01, B
vs A, C vs B, D vs C; PP<0.01 vs treatment group.
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Figure 2 Changes in CD;* cell percentages in perioperative
period. A: at randomization; B: before operation; C: on the 2nd
postoperative day; and D: on the 10th postoperative day. The
difference in CD;* percentages between treatment and control
groups at time points C and D was statistically significant,’P<0.01.
The difference in CD;* percentages on the 10th postoperative
day and the randomization day was statistically significant for
both treatment and control groups, “P<0.01.
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Figure 3 Changes in CD,* cell percentages in perioperative
period. A: at randomization; B: before operation; C: on the 2nd
postoperative day; and D: on the 10th postoperative day. The
difference in CD,* percentages between treatment and control
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groups at time points C and D was statistically significant,’P<0.01.
The differences in CD,* percentages on the 10th postoperative
day and the randomization day was statistically significant for
both treatment and control groups, “P<0.01.
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Figure 4 Changes in CDs;" cell percentages in perioperative
period. A: at randomization; B: before operation; C: on the 2nd
postoperative day; and D: on the 10th postoperative day. The
difference in CDs;* percentages between treatment and con-
trol groups at time points C and D was statistically significant,
bP<0.01. The differences in CDs;* percentages between treat-
ment group and normal control on the 10th postoperative day
was statistically significant, 9P<0.01.

Table 4 TIL responses in treatment and control groups

SR PR
Groups Total Rate (%)
+++ ++ + +
Treatment 9 8 6 2 25 68°
Control 2 4 9 9 24 25
Total 23 26 49

SR=significant response, PR=poor response. "P<0.01 vs con-
trol group, chi-square test.

There was a negative correlation between TIL response
and the clinico-pathological stages of the tumor (Table 5). In
control group, TIL responses were mainly observed in TNM
stages | and Il cases, and there were very few peritumor
lymphocyte responsesin stages 111 and 1V cases. In contrast,
there were obvious TIL responsesin 78% (7/9) of TNM stage
Il cases and 83% (5/6) of stage IV casesin CIM treatment
group, both of which were significantly higher than those in
control group (P<0.05 and P<0.01, respectively, Fisher’ sexact
test) (Figure 4). Immunohistochemical studies of the specimens
revealed that most of the TILs were CD3* T lymphocytes
clustered around tumor tissues. There were few CDy" cellsin
TIL population.

Table 5 Comparison in TIL responses by TNM stages between
control and treatment groups

TNM  Groups Poor Significant Response

stages response response rate (%)

| Treatment 2 1 33
Control 3 2 40

1 Treatment 3 4 57
Control 6 3 33

11 Treatment 2 7 78°
Control 5 1 17

v Treatment 1 5 83°
Control 4 0 0

ap<(0.05, °P<0.01, vs control (Fisher’s exact test).
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Figure 5 TIL responses in surgical specimens in treatment and
control groups. In control group, there was a progressive de-
crease in TIL responses with increase of TNM staging. On the
other hand, the treatment group showed a steady increase in
TIL responses after CIM treatment for 1 wk. The differences in
TIL response rates were statistically significant between treat-
ment and control groups for TNM stages Il and IV diseases
(®P<0.05 and "P<0.01, respectively, Fisher’s exact test).

DISCUSSION

To date, surgical resection remains the only approach that can
offer possible cure for Gl cancer patients. However, operation
itself is a double-edged sword to cancer patientsin terms of
tumor immunology. On the one hand, a successful operation
can remove tumor burden which isimmuno-suppressive. This
will help bring about an improved clinical outcome for most
patients. On the other hand, the operation itself isamajor blow
to the immune system. Lines of evidence suggest that surgical
patients undergo a period of immunodepression immediately
after operation, the length of which depends on many factors
such asthe general status of the patients, extent of the operation
itself, pre-operative treatment. Previous studies demonstrated
that T helper cells decreased and T suppressor cellsincreased
significantly asearly as1 day after surgery!?24, Many subsequent
studies also confirmed that surgery for patients with lung
cancer!®!, esophagea cancer®, gastric cancer’?? and colorectal
cancer?¥ induced immediate severe immunosuppression. For
cancer patients, an important function adversely affected by
thisimmunosuppression is the anti-tumor response itself. This
immunosuppression might increase the chance of accelerated
growth of residual tumors or micro-metastases aready present
at the time of surgical resection. As a result, postoperative
immunosuppression maybe one of the major contributing
factors for post-operative recurrence and metastases. |ndeed
our previous study found alocal recurrent rate as high as
34.27% for rectal cancer 5 years after curative resection, most
of which (89.04%) occurred 3 years after operation*y. Other
studies also revealed that 7% to 65% of rectal cancer patients
would develop local recurrence after curative surgery!®34,
Therefore, how to effectively improve peri-operative immunity
of Gl cancer patients remains amajor challenge of significant
clinical importance.

Many researches have been conducted to tackle this
problem, and one approach is to use small molecular
immunomodulator drugs such as CIM, a histamine H, receptor
antagonist. It has long been observed that histamine was a
growth factor for certain cancers and could, by itself, stimulate
tumor cell proliferationi**2, As one of the many important
chemo-mediators involved in immune responses, histamine
had inhibitory effects on immune response’®* via its H,
receptors®. It was discovered that T suppressor cells, which
are part of the regulatory arm of the immune system, could
express histamine receptors on their surface“®*2, and histamine
was capabl e of suppressing the immune response by activating
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these T suppressor cell§*. Many tumors, particularly colorecta
cancer, secrete histamine resulting in elevated histamine levels
within the tumor. Histamineis also often secreted in responseto
surgical resection of colorectal cancers. All thesefactorsworking
together will create an immuno-suppressive environment both
in the area of tumor growth and in the whole body, facilitating
tumor growth.

Several clinical studies have shown that administration of
CIM could help reduce the immuno-suppression due to
increased histamine level in the tumor environment{t516:44-461,
In vitro studies a so demonstrated that CIM could inhibit the
adhesion of some breast cancer cells*", and the adhesion of
human colon cancer cells to human umbilical cord cells*, a
very important step in tumor growth and progression. In vivo
experimental studies also showed that daily administration of
CIM to amouse model of colon cancer significantly retarded
tumor growth by up-regulating the expression of tumor-
suppressive cytokines*!, and the use of CIM also retarded
the growth of human melanomain a nude mouse model and
prolonged the survival of tumor bearing SCID mice by
directly inhibiting the proliferation of tumor cells and
indirectly promoting theinfiltration of activated macrophages
to tumor sitel®1,

In line with previous findings, our study discovered the
diminished cellular immunity in GI cancer patients. Compared
with normal controls, thetotal T lymphocytes (CD;"), T helper
lymphocytes (CD,*), and NK cells (CDs;") were significantly
decreased in Gl cancer patients. This reflects the nature that
Gl tumor burden exertsinhibitory effects on immune system.
Moreover, the percentages of these immune cells showed a
continuously declining trend with the progression of the
disease, asreflected by the finding that patients with advanced
TNM stage tumors had a more profound decrease in these
immune cellsthan those with early stage tumors. Surgery itself,
while removing the tumor burden, did have a temporary
negative impact on host cellular immunity, as reflected by the
marked declinein total T lymphocytes, T helper cells and NK
cells in the immediate post-operative period. This decline
continued with adownhill course in control group, in which
no immunity-boosting therapieswere given besides conventional
surgical treatment. It is noteworthy that total T cells, T helper
cellsand NK cellsdid not return to basdline level 10 days after
curative resection. This again highlighted the fact that while
most patientsin control group were physically recovered from
operation at this time, they were far from immunologically
recovered, and someinterventiona measures should bewarranted
to facilitate the recovery of cellular immune functions.

In contrast to control group, patients in treatment group
showed favorable responsesto CIM therapy intermsof cellular
immunity parameters. After CIM treatment for 1 wk, total T
cells, T helper cells and NK cells showed a slow but steady
increase, although the increments did not reach statistical
significancefor NK cdlls, they did reach statistical significance
for both total T cellsand T helper cells. However, their levels
were till lower than those found in normal controls, implying
that while Gl cancer patients have reduced their cellular
immunity, they were nevertheless responsive to immunity-
boosting measures, although such measures alone could not
efficiently restore the hosts' cellular immunity to the level of
normal controls. The data demonstrated again that surgery
itself reduced cellular immunity, but to a much less degree, as
aresult of CIM treatment. Moreover, such reductions were
quickly addressed and a positive balance was reached 10 days
after CIM treatment, as reflected by the fact that the total T
cells, T helper cells and NK cells on the 10th postoperative
day were significantly higher than the baseline level (at
randomization). Although total T cells, T helper cells were
not up to the level of normal controls, NK cellsdid exceed the

level of normal controls. If the cellular immunity parameters
for both treatment and control groups on the 10th postoperative
day were analyzed, it would be obvious that CIM treatment
did exert remarkable boosting effects on cellular immunity
parameters.

The current study also demonstrated that immunity-
enhancing effects of CIM treatment were not limited to
peripheral blood immune cells alone, it also enhanced TIL
response at the tumor site, aswas reveaed by the findings that
while 25% of the patientsin the control group had discernible
TIL responses in the peri-tumor area, as high as 68% of cases
in the treatment group showed obvious TIL responses. As
demonstrated by immunohistochemical studies, most of the
TILs were T lymphocytes. TILs have been found to be the
highly effective tumoricidal lymphocytes’®>%4, and TIL
treatment could decrease the relapse rate and prolong the
survivd of stagelll melanoma patients with one positive lymph
node®>%e, and the overall survival of stage IV gastric and
colorectal cancers® %, and induce regression of metastatic
tumors in the lung, liver and lymph nodes in patients with
advanced melanoma after lymphodepletion’®. The enhanced
TIL response at the tumor site induced by CIM treatment,
therefore, might hel p reduce tumor aggressiveness and promote
local control.

In summary, the current randomized clinical trial
demonstrated that perioperative administration of CIM to Gl
cancer patients helped accelerate the recovery of cellular
immunity and boost TIL responses at the tumor sites. This has
potential therapeutic implications. Since circulating T
lymphocytes and NK cells are major defense mechanisms
against tumor cells released into the circulation, and TIL is
one of the most crucial factorsrestricting local tumor growth
and progression, it isdesirableto useit asan immunomodul ator
in the perioperative period. Moreover, since CIM has many
other favorable effects besides immunomodulation on
lymphocytes, such as activating macrophages, increasing tumor
inhibitory cytokines*!, enhancing the antigen presenting
capacity of dendritic cell§%, reducing tumor cell proliferation,
inhibiting tumor cell metagtasi s via anti-adhesion mechanismg*
and increasing the overall survival of colorectal cancer patients
with high levels of salyl Lewis-X and sialyl Lewis-A epitope
expression on tumor cellg®, it is therefore advisable to use
this low cost, convenient and almost nontoxic drug as a
practical immunity-enhancing measure for Gl cancer patients.
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