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High Frequency of Cancer Patients with Abnormal Assembly of the T Cell
Receptor-CD3 Complex in Peripheral Blood T Lymphocytes
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Structural abnormality of T cell receptor (TCR)-CD3 complex on the cell surface was investigated in
peripheral blood Iymphocytes (PBL) from 55 cancer patients. In 24 of the 68 tests done on these
patients, the CD3Z chain was not detected by immunoprecipitation with anti-CD3e monoclonal
antibody (mAb), but was observed with anti-CD3{ mAb, suggesting that a high frequency of cancer
patients possesses abnormal T cell receptor (TCR) complex in PBL. On the other hand, the total {
chain was missing in several advanced cases. During follow-up of several patients, the { chain became
undetectable after two or three months of cancer progression. It appears that immunosuppressive
status can be monitored by analyzing the TCR-CD3 complex on the cell surface of PBL.
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Tumors escape from host immune surveillance through
various mechanisms, such as changing tumor epitopes
and secretion of suppressive cytokines. T lymphocytes
are responsible for recognition of tumor antigens and are
mediators of antitumor immunity. Recently, it has been
demonstrated that the TCR* complex and the associated
machinery for signal transduction are impaired in tumor-
bearing mice,” suggesting that the immune suppression
under tumor-bearing conditions may be at least partially
attribuied to impairment of the signaling machinery in T
cells, The TCR-CD3 complex is composed of 8 chains,
divided into three groups: TCR @8, CD3 8¢ and
dimer. The assembly of all the chains is required to be
expressed on the cell surface in normal T cells. The lack
of the ¢ chain results in impairment of the surface expres-
sion of TCR-CD3 complex.>® Therefore, the { chain is
important for the assembly and cell surface expression of
the TCR-CD3 complex as well as for signal transduction.
The {, 7 and FcRy chains compose the { family and play
important roles in signal transduction in TCR and Fc
receptors. T cells utilizing FcRy instead of { were dis-
covered in epithelia,¥ and may have distinct functions.”
Tumor-bearing mice demonstrated the loss of expression
of the ¢ chain and replacement by the FcRy chain, and
impaired expression of { has recently been reported in
TIL of cancer patients.®” We have investigated the
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* The abbreviations used are: TCR, T cell receptor; mAb,
monoclonal antibody; PBL, peripheral blood lymphocytes;
FcRy, the y chain of high-affinity Fc receptor for IgE; TIL,
tumor-infiltrating lymphocytes.
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structure of the TCR-CD3 complex on the cell surface
of peripheral T cells, rather than TIL, in patients with
carcinomas of various tissue origins.

PBL from cancer patients and healthy donors were
isolated by Ficoll-density centrifugation. The cells were
surface-labeled by biotinylation and lysed in a lysis buffer
confaining 10 mM Tris (pH 7.6), 150 mM NaCl, 4 mM
EDTA, 0.05% NaNs, 1 mM phenylmethylsulfonyl fluo-
ride, 0.15 U/ml aprotinin, 5 yg/m! leupeptin, 10 mM iodo-
acetamide and 19 digitonin as previously described.”
The cell lysates were immunoprecipitated with 5 yg of
mAb against CD3e (OKT3), CD3{ (H146-466) or FcRy
(4D8, kindly provided by Dr. J. Kochan, Hoffmann-La
Roche Inc., Nutley, NJ). The precipitates (equivalent to
2—4 X 107 PBL) were analyzed on a nonreducing (139%)-
reducing {15%) two-dimensional SDS-PAGE gel and
transferred onto a PYDF membrane, which was then
incubated with avidin-peroxidase and developed by using
the ECL system (Amersham).

We have analyzed 68 specimens from 55 cancer pa-
tients. Most of the patients belonged to stage IV of the
TNM classification (II, 7; III, 10; IV, 51) (Table I1}. The
PBL from the patients were surface-biotinylated and
lysed with 1% digitonin-containing bufler. Cell lysates of
PBL were immunoprecipitated with anti-CD3e mAb
OKT3. Representative results are shown in Fig. 1.
Twenty-four specimens (35%) showed loss of the CD3¢
chain in the TCR complex and another 21 (31%)
showed reduced expression compared with normal con-
trols (Table IT). In all cases, the expressions of other CID3
chains (7, § and &), as well as TCR a8 chains, were not
altered. In accord with the precipitation results, the
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expression level of TCR-CD3 complex on the cell surface
as cvaluated by surface staining with anti-CD3s mAb
was not changed even in the cases where { was not
detected (data not shown). The percentages of T cells
expressing CD4, CD8 and CD16 were not significantly
changed in these patients (data not shown). The patients
were divided into four groups according to the configu-
ration of the TCR-CD3 complex on the cell surface of
PBL (Fig. 1). The TCR complex in group 1 (Gr. I) was
normal, as in healthy controls. The patients in Gr. II, III
and IV exhibited loss of the cell surface { chain, when
analyzed with OKT3. They were further divided on the
basis of immunoprecipitation results with anti-¢ and anti-
FcRy mAb. In Gr. 11, the { chain was not detected by
anti-CID3e but was detected with anti- mADb. Since such
dissociation between anti-CD3 and anti-{ precipitation
was not observed in healthy controls, this is not the result

Table I. Correlation between Disappearance of the ¢ Chain
and Cancer Stage”

. ¢ ¢ chai No. of Cancer stage (TNM classification)
Expression of { chain tests o I v o)
Normal 24 59 4 14 1
Reduced expression 21 2 3 10 6
Disappeared 23 0 3 10 10
Total of number 68 7 10 34 17

a) Tests were performed as described in the footnote to
Table 11.

b) r: recurrence with distant metastasis after removal of
primary tumor.

¢) The numbers are the numbers of specimens that showed
normal or reduced levels or the absence of the cell surface
CD3¢{ chain when immunoprecipitated with anti-CD3e mAb.

Gr.l

of an experimental artifact (e.g., presence of detergent).
In Gr. III and IV, neither anti-CD3¢ nor anti-C mAb
could detect the { chain. The FcRy dimer was co-precipi-
tated with the TCR-CD3 complex only in Gr. IV but not
in Gr. III (Fig. 1). This was confirmed by precipitation
with anti-FcRy mAb (data not shown), indicating that
FcRy replaced ¢ in the TCR complex in PBL of Gr. IV
patients, as in a murine cancer model.? Since we screened
patients by immunoprecipitation with OKT3, and analy-
sis with anti-{ and anti-FcRy mAb was performed only
for selected patients, the exact frequency of each group
could not be determined. However, most of the cases
belonged to Gr. II, several to Gr. III, and only 2 single
case to Gr. IV,

Our findings suggest that the abnormal association
between the { dimer and other CD3 chains takes place at
the first stage of immunosuppression in cancer patients
(Gr. II), and that the disappearance of ¢ from the cell
surface may then follow (Gr. III). Since { was not
replaced with FcRy in most of the cases, it remains to be
determined whether the exchange of { by FcRy (Gr. IV)
represents a step in the progression of the cancer stage or
only occurs in some special cases. No clear correlation
was found between the loss of the ¢ chain and the tissue
specificity of cancer in these patients in this screening
study (Table 11). However, the disappearance of ¢ seems
to correlate with the stage of cancer patients (Table I).
Although there were no difference between stage III and
IV, a low percentage in stage IT and a high frequency in
stage TV patients with recurrent tumor were observed.
Furthermore, in 5 patients who showed normal or re-
duced levels of the { chain expression at the first test, the
chain became undetectable in 4 at the second test after an
mterval of more than 2 months. One of these cases is
depicted in Fig. 2 (patient T.Q). The patient received

Gr.lll

Anti-
CD3¢

Anti-¢

Fig. 1.

Structure of the TCR-CD3 complex on the cell surface of peripheral blood T cells in four different

groups of cancer patients. Cell lysates of PBL were precipitated with anti-CD3¢ or anti-£ mAb and analyzed
on 13% nonreducing (NR)-15% reducing (R) two-dimensional SDS-PAGE. Gr: group.
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Loss of CD3¢ Chain in PBL of Cancer Patients

Table II.  Frequency of Cancer Patients with Disappearance of the { Chain in PBL?
Origin of cancer® No. of tests No. of tests®
& (No. of patients) Normal Reduced ¢ Loss of &

Colon and rectum 24 (19) 3 7 9
Esophagus i6 (1D 4 5 7
Liver (hepatocellular) 9 (®) 4 3 2
Stomach 7 (6) 4 1 2
Pancreas CIN )] i 2 0
Extrahepatic bile ducts 3@ 1 1 1
Liver (cholangio) 2 (2 0 i 1
Gall bladder I (D 0 1 0
Lung I (D) 0 0 1
Breast 1 (1) 1 0 0
Ovary 1 (D) 0 0 1
Total 68 (55) 23 21 24

a) Lysates of PBL of cancer patients were immunoprecipitated with anti-CD3e

diagonal SDS-PAGE.

mAb and analyzed by

b} The tissue containing the primary tumor is indicated.
¢) The numbers are the numbers of specimens that showed normal or reduced levels or the absence of
the cell surface CD3¢ chain when immunoprecipitated with anti-CD3e mAb.

Third test

H146 MR
s

Second test
OKT3
Healthy
control
Patient R 3
T.0. pol

Fig. 2. Correlation between disappearance of the CD3{ chain and progression of tumor stage. Analysis was
performed as described in the legend to Fig. 1 with an interval of three months between the first and the
second tests on the same patient, T.O. Similar results were obtained with four other cancer patients.

abdominoperitoneal rectal amputation due to rectal
cancer 9 months before the first test, which was per-
formed just after lymph node metastasis in the hepato-
duodenal ligament was found. While the expression of
the TCR-CD3 complex was normal in the first test, the
level of { was reduced in the second test which was
performed one month later. The third test was done a
further two months later when the patient had developed
multiple lung metastases and lymphangitis carcino-
matosa. There was no £ detectable by immunoprecipita-

tion with either anti-CD3e or anti-{ mAb, indicating that
the status of the patient had changed from Gr. 1 to Gr.
1I1. A similar result was obtained in another test afier an
additional one month. On the other hand, there was one
case in which the ¢ chain reappeared at a significant level,
at 3 months after being undetectable (data not shown).
Since this patient had received radiation and chemother-
apy during the intervening period and his condition had
improved, the reappearance might be related to recovery
from the immuno-suppressed condition. These results
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suggest that the disappearance of the ¢ chain from the
cell surface TCR-CD3 complex may be related to the
progression of cancer stage, and may be reversible,
Recently, the loss of the ¢ chain in TIL in cancer
patients was reported.*” In those cases, the loss of the ¢
chain was clearly observed in TIL but was hardly ob-
served in PBL. However, those analyses, because the
total { was analyzed either by Western blotting® or by
staining after permeabilization of the cells,”” may have
failed to detect structural difference of the TCR-CD3
complex on the cell surface of PBL. In contrast, our
analysis demonstrated that the majority of the patients
who showed lack of ¢ as detected with anti-CD3e mAb
exhibited abnormal assembly of the TCR-CD3 complex
{(Gr. III), and a relatively small number of patients
exhibited total loss of { in peripheral blood T cells (Gr.
IIT and 1V). It is clear that { was replaced by FeRy in
only very rare cases. Successive analyses on several pa-
tients demonstrated that the total £ chain disappears with
tumor progression. Taking this finding together with the
results on TIL, it seems likely that the disappearance of
the CD3{ chain starts to take place in TIL and occurs
later in PBL, and that before the total { disappears in
PBL, there is a stage in which the TCR complex has
impaired assembly. Although the dissociation of the as-
sembly within the TCR-CD3 complex has been reported
in an immature thymocyte population,®® the molecular
basis of the dissociation of CD3e- and CD3{<immuno-
precipitation and also of the mechanism of the normal

REFERENCES

[) Mizoguchi, H., O’Shea, J. J., Longo, D. N., Loeffler,
C. M., McVicar, D. W, and Ochoa, A. C. Alterations in
signal transduction meolecules in T lymphocytes from
tumor-bearing mice. Science, 258, 1795-1798 (1992).

2) Sussman, J. J., Bonifacino, J. 8., Lippencott-Schwartz, J.,
Weissman, A. M., Saito, T., Klausner, R. D. and Ashwell,
J. D. Failure to synthesize the T cell CD3-¢ chain:
structure and function of a partial T cell receptor complex.
Cell, 52, 85-95 (1988).

3) Ohno, H., Ace, T., Taki, S., Kitamura, D., Ishida, Y.,
Rajewsky, K. and Saito, T. Developmental and functional
impairment of T cells in mice lacking CD3{ chains. EMBO
J., 12, 4357-4366 (1993).

4) Ohno, H., Ono, 8., Hirayama, N., Shimada, S. and Saito,
T. Preferential usage of the Fc receptor 7 in the T cell
antigen receptor complex by 7/6 T cell localized in
epithelia. J. Exp. Med., 179, 365-369 (1994).

5} Obno, H,, Aoe, T, Ra, C., Yamamoto, T. and Saito, T.
TCR isoform containing the Fe receptor 7 chain exhibits
structural and functional differences from isoform contain-
ing CD3{. Int. Immunol., 5, 14031411 (1993).

6) Finke, J. H,, Zea, A. H., Stanley, J., Longo, D. L.,

1192

cell-surface expression of the TCR-CD3 complex in the
absence of any detectable ¢ family molecules in the
present study are not yet clear. It has been shown that
T cells bearing TCR-CD3 complex in the absence of ¢
failed to respond to specific antigens in a variant T cell
line.” In accordance with this, T cells lacking ¢ from
tumor-bearing mice exhibited impaired function, espe-
cially in cytotoxicity against specific targets (T. Aoe and
T. Saito, manuscript in preparation).

Our results have practical implications because we
analyzed PBL instead of TIL. Our finding that the initial
change in the TCR complex in the tumor-bearing condi-
tion is an alteration of the assembly of the TCR-CD3
complex should allow monitoring of the immunosuppres-
sive status of cancer patients by the structural analysis
of the TCR-CD3 complex of PBL. This is based on the
hypothesis that the structural disorder of the TCR com-
plex takes place in conjunction with tumor progression.
Molecular analysis of the mechanism of the disappear-
ance of { may lead to the development of promising
strategies for the prevention of T cell immunosuppression
in cancer patients.
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