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Introduction

Many investigators have found depression
of immune function in patients with advanced
cancer and the immunodeficiency usually
increases as the disease progresses. Patients
with advanced metastatic disease exhibit
profound immunodeficiency, particularly
after treatments such as surgery, radiother-
apy, or chemotherapy. This immunodeficiency
is mainfested by impaired cell-mediated and
humoral immunity as well as by impaired
nonspecific host defense mechanisms, and it
can be measured by both in vitro and in vivo
tests®?, Immunodeficiency is also occasion-
ally recognized in the early stages of cancer
and correlates with the tumor histology type,
the clinical stage, and the response to
treatment®. These correlations suggest
that assessment of the immune response in
cancer patients may be helpful in determining
mechanisms of tumor development and prog-
nosis. In addition, such studies might aid in
detecting early primary or recurrent malig-
nancy, in understanding and augmenting the
immune defense mechanisms, and in guiding

" both conventional therapy and immunotherapy*.
Immunocompetence is of vital importance
when considering the risk of bacterial, viral,
and mycotic infection, and also influences
tumor dissemination and growth®é?, Thus,
the investigation of immune function is a
very important field for cancer therapy.

Esophageal carcinoma shares with pancre-
atic carcinoma the reputation of being the
least curable neoplasms®. . Although the
long-term results and prognosis of eso-
phageal carcinoma have been improved
recently through the development of new
methods of operation and anesthesia in com-
parison with gastric or colon cancer, the
overall five-year survival rate in esophageal
carcinoma is very low (about 20% after
esophageal resection). In the Cleveland
Clinic experience®, the 5-year survival rate
after curative esophagogastrectomy was 15.
4%, with a mean survival time of 34.4
months. There are a number of reasons why
the prognosis of esophageal carcinoma is
poor. These are the difficulty of diagnosis
at an early stage, a high mean patient age,
early intraesophageal extension and metas-
tasis, malnutrition due to dysphagia, and the
various complications of surgery. Such fac-
tors may also impair the immunocompetence
of these patients with the tumor itself, mal-
nutrition, age, radiotherapy, chemotherapy
and major surgery all contributing to the
suppression of host defense mechanisms. It
thus becomes possible that the im-
munocompetence of patients with esophageal
carcinoma might be deppressed more early
and strongly than that of patients with other
gastrointestinal carcinomas.

This review will focus on immunity in
esophageal carcinoma.
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Skin Tests

Skin tests of recall antigens, nonspecific
antigens, or specific antigens (i.e. delayed
-hypersensitivity skin reactions) are useful
to assess immunocompetence. In one study
.all control subjects showed a positive dinitro-
chlorobenzene (DNCB) response, while 20
patients with esophageal carcinoma showed
no reaction when they were in negative nitor-
ogen balance. This immunological anergy
also persisted when a positive nitrogen bal-
ance was achieved®). Advani et al. have
also reported that the responses to in vivo
sensitization with a recall antigen and DNCB
were markedly depressed in carcinoma of
esophagus being 13% and 16%
respectively®?. We have previously tested
the response to four skin tests (Streptokinase
-streptodornase (SK-SD), Candida, Phyto-
hemagglutinin (PHA) and Purified protein
derivatives (PPD))“®. The skin test reac-
tion to SK-SD, Candida and PHA were found
to be suppressed in patients with esophageal
cancer. Furthermore, in the summarized
judgment of four types of skin tests in
healthy subjects a positive percentage in
more than three of the four skin ests was
1009, while in patients of esophageal cancer
the positive percentage of that was only 15%
(Table 1).

Lymphocyte Blastogenesis

Lymphocyte blastogenesis in response to
mitogenic stimulation reflects cell-mediated
immunity. In esophageal carcinoma, sup-
pression of the response to PHA stimulation
has been reported®. We have previously

measured PHA-dependent lymphocyte blas-
togenesis using the whole blood method
which we have described previously and
found that 78% of the healthy control sub-
jects had a level of more than 10,000 cpm
after PHA stimulation, while only 10% of
esophageal cancer patients did so®® (Fig. 1).
Thus, cell-mediated immunity was strongly
impaired in esophageal cancer.

NK Cell Activity

Lymphocytes which have the capacity to
kill syngeneic, allogeneic or =xenogeneic
tumor cells are designated as natural killer
(NK) cells because of their spontaneous
response in the absence of any previous
sensitization®. It has been hypothesized
that NK cells may act as surveillance cells by
providing a rapid first-line defense against
aberrant cells in the body®*!®. Most of the
evidence for the role of NK cells in vitro
relates to reduction of the growth of NK
-susceptible tumor cell lines. A decrease of
circulating NK cell numbers or the impair-
ment of their killer function might have an
adverse effect on host resistance to tumors.
Talmadge et al. have observed that NK-sen-
sitive B16 tumors grew more slowly and
produced fewer metastases in normal mice
than in NK-deficient beige mice®®. Hersy
and associates have reported that the inci-
dence tumor recurrence and survival in
melanoma patients correlated with NK cell
activity®®, In our study, the NK cell activ-
ity of healthy control subjects was 50 =+ 2.
89%, while that of advanced esophageal can-
cer patients was 395 * 7.89%. Further-
more, the NK cell activity of curatively
resected cases was significantly higher than

Table 1 Positive percentage of the skin tests in the healthy subjects and
the esophageal cancer patients.
Skin test SK-SD* Candida* PHA** PPD

Groups

Control 7/14 12/14 14/14 11/14
(50%) (86%) (100%) (78) %

Esophageal 4/19 6/19 9/19 6/19

cancer patients (21%) (32%) 47%) (32%)

*P<0.05, **P<0.01



Control Esophageal cancer

Fig.1 PHA-induced responses between
healthy control subjects and esophageal
cancer patients when evalulating
lymphocyte reactivity by using the
whole blood method. The blood was
diluted 16 volumes of RPMI-1640
containing 20% fetal calf serum. FEach
cultures recieved 30xg/ml PHA. After
96 hour, 5xCi/ml of *H-thymidine was
added and its uptake was measured by a
liquid scintillation counter (cpm). The
reactivity of lymphocytes from eso-
phageal cancer patients was significant-
ly lower than that of the cells from
healthy subjects (p<0.01).

of patients undergoing noncurative resection
(Fig. 2)47,

Serum Immunosuppressive Factors

It is well known that there are various
immunosuppressive factors detectable in the
blood of some individuals with cancer.
These factors have been shown to inhibit a
number of T cell-dependent immunological
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blood mononuclear cell NK activity in
patients having curative (CUR) or non
~curative (NON-CUR) resection of eso-
phageal carcinoma. Values are the
group means + 2 S.E.. *p<0.01 vs. CUR.

reaction, including the delayed hypersen-
sitivity response, the rejection of transplanta-
ble tumors, and the stimulation of peripheral
blood lymphocytes by specific antigens and
PHA. Robinson and associates“® reported
that autologous plasma depressed the
lymphocyte mitogenic response to PHA in
patients with esophageal carcinoma suggest-
ing that this effect of serum might contribute
to the immunosuppression of the patients.
Tamura has isolated a substance called im-
muno suppressive acid protein (IAP) from
the serum of tumor-bearing mice®®. We
have measured IAP levels in esophageal can-
cer patints®”, The IAP level was 375
(363-388) ug/ml in healthy control subjects,
and 637 (533-763) ug/ml in patients with
advanced esophageal cancer. Moreover,
surgical curability was significantly related
to IAP levels (Fig. 3)
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Fig. 3 Comparison of preoperative serum IAP
levels in patients with curative (CUR)
or non-curative (NON-CUR) resection
of esophageal carcinoma. Values are
the group means + 2 S.E.. * p<0.01 vs.
CUR.

Lymphocyte Subsets

Recently, various lymlphocyte surface
markers (including the antigens detected
with murine monoclonal antibodies) have
been used to categorize lymphocytes with
different roles in the immune surveillance
system and in the analysis of the lymphocytes
that are active in cancer®-?" and inflamma-
tory diseases. Dillman et al. compared 72
advanced cancer patients and 73 healthy
controls, and found that the cancer patients
had fewer lymphocytes and helper T cells,
but suppressor T cells and Ial cells (which
are activated T cells) than the controls®.
The helper/suppressor cell ratio of the
peripheral blood lymphocytes was lower in
the cancer group. They selected the combi-

nation of the percentage of lymphocyte, the
percentage of suppresser cells, the number of
helper cells, and the response of pokeweed
mitogen stimulation as being the best predic-
tor of immunocompetence in cancer patients.
The change in the helper/suppresser cell
ratio was thought to be an effect of the
tumor. Kasgubowski et al.®? found a signifi-
cant decrease in the proportion and number
of helper cells in the peripheral blood in .
patients with solid tumors, as well as an
increase in the population of suppressor cells
and a decrease in the population of Ial cells
in cancer patients. However, our studies
found no difference between patients without
lymph node metastases and those with metas-
tases in the percentage of CD4 and CD8 cells
and the CD4/CDS8 ratio®? (Fig. 4)

Humoral Immunity

Humoral immunity is one of the two major
arms of the immunological responses. In
cancer patients, serum IgA, IgG, and IgM
levels have been examined with conflicting
results. Hughes reported that the IgA level
was significantly increased in patients with
cancer. of the mouth, gut and uterus, with
IgA/IgG ratio being significantly
increased®. This finding suggested that
there was local rather than systemic
antigenic stimulation. In esophageal cancer
patients, serum IgA levels were significantly
greater than those in control subjects, where-
as no significant difference was observed in
the levels of IgG and IgM. The complement
system has an important role in the im-
munological defense system. Verhaegen?®
has reported that the complement levels
(CH50, C3, C4, and Clqg) of cancer patients
were significantly than those of healthy con-
trol subjects, and that there was a stage
-dependent increase of the complement level.
Patients in remission had nearly normal com-
plement levels, patient with localized tumors
had raised complement levels, and a further
increase was observed in patients with dis-
tant metastases. There were no significant
differences in the levels of C3, C4, and C3PA
between controls and esophageal cancer
patients in pretherapeutic period®*?®, Viral
infection has a great influence on im-
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Fig. 4 Cemparison of preoperative peripheral blood lymphocyte subpopulations deter-
mined using monoclonal antibody in patients with (n(+)) or without (n(—))

lymph nodes metastases of esophageal cancer.

No significant difference was

observed in the percentage of CD4-positive (a) and CD8-positive (b) cells, or in the

CD4/CD8 ratio (c).

munocompetence and there are some reports
which indicate a possible relationship
between esophageal carcinoma and viral
infection®®?”, Therefore, the humoral
immunity is one of the important factors to
assess the immune status.

Nutrition

Narrowing of the esophageal lumen by a
tumor can cause difficulty in the swallowing
of solides, soft food, pursed food, or even
liquids. The resultant decrease in oral
intake contributes to specific nutritional defi-
cits and generalized weight loss. In car-
cinoma of the esophagus, the immune
response can thus be depressed by two main
factors, i.e., the presence of the malignant
tumor itself and malnutrition. McFarlane
and Hamid reported many years ago that
lymphocyte ability to form rosette to sheep
red blood cells and lymphocyte blastogenesis
were impaired in rats with malnutrition®®.
We observed the immunocompetence in rats
with esophageal cancer induced with N-butyl
-N-nitrosourethan. All rats suffered from
malnutrition due to dysphagia caused by

Values are the group means+ 2 S.E..

esophageal cancer or papilloma. PHA-in-
duced lymphocyte blastogenesis of the periph-
eral blood lymphocytes in rats decreased
significantly®®. Chandra has reported that
the frequency of circulating rossette-forming
thymus-dependent lymphocytes was reduced
in malnourished infants and children®®. It
has been reported that reversal of the nitro-
gen balance resulted in a significant increase
in T-lymphocytes overall in T cell numbers,
as well as a significant increase in the
mitogenic response to PHA®Y, Daly et al.
demonstrated a significant reduction in
major wound infections, other infection, and
general postoperative complications in eso-
phageal cancer patients who received
preoperative total parental nutrition (TPN)
for at least 5 days in comparison with the
postoperative TPN and non-TPN groups
(4% vs, 24% and 23%, respectively) @b,

Influence of Surgical Stress

In general, surgical stress is reported to
impair host defenses. Immunocompetence is
of vital importance in a surgical patient, as it
influences on the individual’s susceptibility to
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becterial, viral, and mycotic infections®®.
In cancer patients immunocompetence can
also influence on tumor dissemination after
surgry®. Usually, thoracotomy and lapar-
tomy are performed during operations on
esophageal carcinoma. Hattori et al. have
reported that thoractomy and laparothor-
acotomy significantly reduced the survival
time of inoculated rats in comparison with
control animals®. We studied the behavior
of peripheral mononuclear cells (PBMC) in
12 laparotomy patients and 6 thoracotomy
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Fig. 5 Postoperative change in PHA
blastogenesis. *H-thymidine uptake
was used for measuring PHA blas-
togenesis. Pre-op vs. Post-op 3rd day,
p<0.002. Pre-op vs. Post-op 7th day,
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togenesis which was determined by *H
-thymidine uptake. Pre-op vs. Post-op
3rd day, p<0.0002. Pre-op vs. Post-op
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min. Pre-op vs. Post-op 3rd day, p<
1 X 107% Pre-op vs. Post-op 7th day,
p<0.0004. Post-op 3rd day vs. Post-op
7th day, p<0.009. (b) Postoperative
change in serum transferrin. Pre-op 3
rd day, p<4 X 107¢ 7th day, p<0.05.
(c) Postoperative change in serum pre
-albumin. Pre-op vs. Post-op 3rd day,
p<1 X 107¢ Post-op 7th day, p<1 X
10-%. Post-op 3rd vs. Post-op 7th day,
p<0.005.
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patients®®. Immunocompetence was
evaluated by the blastogenesis of PBMC in
response to PHA and staphylococus Cowan
I (SAC). Nutritional parameters (albu-
min, transferrin, and prealbumin levels) were
evaluated preoperatively, on the 3rd and 7th
postoperative days. PHA blastogenesis was
depressed significantly on the 3rd postoper-
ative day (Fig.5). The response to SAC and
the nutritional parameters were both de-
creased significantly on the 3rd and 7th pos-
toperative days (Fig. 6 and 7). These
results make it clear that surgical sterss
impairs both T and B cell function, as well as
nutrition.

Summary

Patients with esophageal carcinoma have a
definite decrease in immunocompetence in
the preoperative period and these patients
may undergo major surgery, radiotherapy, or
chemotherapy. Therefore, esophageal car-
cinoma patients may develop profound im-
munosuppression after treatment. For the
prevention of immunosuppression, specific

immunotherapy and nutritional support
should be considered.
References

1) Dillman, R.O., Koziol, J.A., Zavanelli, M.,
Beauregard, J.C., Hallibutron, B.L., Glassy,
M.C. and Royston, L.: Immunocompetence in
cancer patients. Cancer, 53: 1484-1491, 1984.
Hersh, E.M., Patt, Y.Z., Murphy, S.G., Dicke,
K., Zander, a., Adegbite, M. and Goldman, R.:
Radiosensitive, thymic hormonesensitive
peripheral blood suppressor cell activity in
cancer patients. Cancer Res., 40: 3134-3140,
1980.

Catalona, W.J., Sample, W.F. and Chretien,
P.B.: Lymphocyte reactivity in cancer
patients: Correlation with tumor histology
and clinical stage. Cancer, 31: 65-71, 1973.
4) Twomey, P.L., Catalnona, W.]. and Chretein,
P.B.: Cellular immunity in cured cancer
patients. Cancer, 33: 435-440, 1974.

Hiram, C.P., Wellhausen, S.R., Regan M.P.,
George, M.P,, Cost, K., Borzotta, A.P., and
Davidson, P.A.: Systematic study of host
defense processed in badly injured patients.
Ann. Surg., 204: 282-299, 1986.

2)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

Abraham, E.. Immunologic mechanisms
underlying sepsis in the critically ill surgical
patient. Surg. Clin. North Am., §5: 991-1003,
1985.

Tanemura, H., Sakata, K., Kunieda, T., Saji,
S., Yamamoto, S. and Takekoshi, T.: Influ-
ences of operative stress on cell-mediated
immunity and on tumor metastasis and their
prevention by nonspecific immunotherapy:
Experimental study in rats. /. Swurg. On-
cology, 21: 189-195, 1982.

Skinner, D.B.: Surgical treatmetn of degestive
disease. — Surgical treatment of esophageal
neoplasma— Year Book Medical Publishers,
Inc., Chicago, 1986, p.159-170.

Galandiuk, S., Hermann, R.E., Gassmann, J.J.
and Cosgrove D.M.: Cancer of the esophagus
The Cleveland Clinic experience. Ann.
Surg., 203: 101-108, 1986.

Southam, C.M.: Areas of relationship
between immunology and clinical oncology.
Am. J. Clin. Pathol., 62; 224-242, 1974.
Haffejee, A.A. and Angorn, I.B.: Nutritional
status and the nonspecific cellular and
humoral immune response in esophageal
carcinoma. Ann. Surg., 189: 475-479, 1979.
Advani, S.H., Kutty, Gopal, R., Swaroop, S.,
Nair, C.N., Dinshaw, K.A., Damle S.R., Nad-
karni, J.S., Akolkar, P.N., Cothaskar, B.P.,
Vyas, J.J. and Desai, P.B.: Immunity in eso-
phageal carcinoma. J. Surg. Owncology, 24:
268-273, 1983.

Oka, M.: Immunological studies on eso-
phageal cancer- Cellular immunocompeten-
ce and histological response in main tumor
and regional lymph nodes in esophageal can-
cer patients. Arch. Jpn. Chir., 50: 29-44, 1981.
Talmadge, J.E., Meyers, K.M., Prieur, D.].
and Starkey, J.R.: Role of natural killer cells
in tumor growth and metastasis: C57BL/6
normal and beige mice. J. Natl. Cancer Inst.,
65: 929-935, 1980.

Lukomuska, B., Olszewski, W.L., Engest, A.
and Kolstad, P.: The effect of surgery and
chemotherapy on blood NK cell activity in
patients with ovarian cancer. Cancer, 51:
465-469, 1983.

Hersey, P., Edwards, A. and McCarthy, W.
H.: Tumor-related changes in natural killer
activity in melanoma patients. Influence of
stage of disease, tumor thickness and age of
patients. Int. J. Cancer, 25: 187-194, 1980.
Mitsunaga, H.: Immunological studies on the
esophageal cancer and gastric cancer-Natu-
ral killer activity and serum immunosuppres-



168

Oka et al.

18)

19)

20)

21)

22)

23)

24)

25)

sive acidic protein livel- (in Japanese).
Yamaguchi Med. ]., 33: 65-74, 1984.
Robinson, K.M., Haffejee, A.A. and Angorn
I.B.: Inhibition of mitogen-induced
lymphocyte proliferation by autologous
serum in esophageal carcinoma. S. Afr. Med.
J., 1: 187-189, 1981.

Tamura, K., Shibata, Y., Matsuda, Y. and
Ishida, N.: Isolation and characterization of
an immunosuppressive acidic protein from
ascitic fluid of cancer patients. Cancer Res.,
41: 3244-3252, 1981.

Robert, O.D., Koziol, J.A., Zavanelli, M.L,,
Beauregard, J.C., Halliburton, B.L., Glassy,
M.C. and Royston, I.: Immunoincompetence
in cancer patients. Assessment by. in vitro
tests and quantification of lyumphocyte
subpopulation. Cancer, 53: 1481-1491, 1984.
Kaszubowski, P.A., Husby, G., Tung, K.S.K.
and Williams R.C.: T~lymphocyte subpopula-
tions in peripheral blood and tissues of can-
cer. Cancer Res., 40: 4648-4657, 1980
Hazama, S., Yoshino, S., Oka, M., Mura-
kami, T. and Ishigami, K.: Subpopulation of
lymphocytes in peripheral blood, regional
lymph nodes spleen and splenic vein blood
esophageal and gastric cancer. J. jpn. Soc.
Cancer Ther., 23: 460, 1988.

Hughes, N.R.: Serum concentrations of G, A,
and M immunoglobulins in patients with
carcinoma, melanoma, and sarcoma, J. Natl.
Cancer Inst., 46: 1015-1028, 1971.
Verhaegen, H., DeCock, W., DeCree, J. and
Verbruggen F.: Increase of serum comple-
ment levels in cancer patients with progress-
ing tumors. Cancer, 38: 1608-1613, 1976.
Saito, T.. Evaluation, analysis and treat-
ments of host-defense impairment in eso-
phageal cancer patients under surgery (in

26)

27)

28)

29)

30)

31)

32)

33)

Japanese). Jpn. J. Gastroenterol. Surg., 19:
1856-1864, 1986.

Hille, J.J., Margalius, K.A., Markowitz, S.
and Isaacson, C.. Human papilloma virus
infection related to esophageal carcinoma in
black South Africans. A preliminary study.
S. Afr. Med. ]., 69: 417-420, 1986.

Morris, H. and Price, S.: Langerhans’ cells,
papilloma viruses and oesophageal car-
cinoma. A hypothesis. S. Afr. Med. J., 69:
413-417, 1986.

McFarlane, H. and Hamid, J.: Cell-mediated
immune response in malnutrition. Clin. Exp.
Immunol., 13: 153-164, 1973.

Oka, M.: Immunological studies of the eso-
phageal cancer-The effect of im-
munopotentiatiors on N-butyl-N-nitrosour-
ethan-induced cancer of the esophagus and
forestomach of rats (in Japanese). Yamagu-
chi Med. J., 30: 15-29, 1981.

Chandra, R.K.: Rosette-forming T
lymphocytes and eell-mediated immunity in
malnutrition. Br. Med. J., 3: 608-609, 1974.
Daly, J.M., Massar, E., Giacco, G., Frazier O.
H., Mountain, C.F., Dudrick, S.J. and
Copeland, E.M.: Parental nutrition in eso-
phageal cancer patients. Ann. Swurg., 196:
203-208, 1982.

Hattori, T. Hamali, Y., Harada, T, Ikeda, H.
and Ikeda, Y.. Enhancing effect of thor-
acotomy and/or laparotomy on the develop-
ment of the lung metastases in rats after
intravenous inoculation of tumor cells. Jp#x.
J. Surg., 1: 263-268, 1977.

Oka, M., Hazama, S., Yoshino, S., Murakami
T. and Suzuki T.. Immunological reaction
after surgical stress of digestive disease (in
Japanese). jon. J. Gasroenterol. Surg., 23:
1529, 1990.





