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Decreased expression and
release of dipeptidyl peptidase
IV (CD26) in cultured
peripheral blood T
lymphocytes of oral cancer

patients

Uematsu T, Urade M, Yamaoka M: Decreased expression and release of dipepti-
dyl peptidase IV (CD26) in cultured peripheral biood T lymphocytes of oral cancer
patients. J Oral Pathol Med 1998; 27:'106-10. © Munksgaard, 1998.

To investigate the mechanism whereby serum dipeptidyl peptidase (DPP) IV ac-
tivity in oral cancer patients is decreased, we examined the expression of cell sur-
face DPP 1V, also known as CD26, in cultured peripheral blood T lymphocytes
of these patients and the amounts of DPP IV released into culture medium,;
values were compared with those found in healthy subjects. When peripheral
blood T lymphocytes were cultured in the presence of phytohemagglutinin, conca-
navalin A and/or interleukin-2, the proliferative response and expression of CD26
(DPP 1V) in their plasma membranes were greatly diminished in oral cancer
patients as compared with those in healthy subjects. In addition, DPP IV activity
in lymphocyte culture medium was reduced more in oral cancer patients than in
healthy subjects, indicating decreased shedding of DPP IV from activated T
lymphocytes in the patients. Based on these findings, it is suggested that suppres-
sion of DPP 1V expression in peripheral blood T lymphocytes is one of the impor-
tant factors involved in the mechanism of decrease of serum DPP IV activity in

oral cancer patients.
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Dipeptidyl peptidase IV (DPP IV, EC
3.4.14.5) is a serine protease which is
a 110-120 kDa transmembrane glyco-
protein and cleaves N-terminal dipep-
tides with proline in the penultimate
position (1, 2). Although the enzyme
has been found to be widely distrib-
uted in mammalian tissues, its physio-
logical role is not yet fully under-
stood. In previous studies, we re-
ported that serum enzyme activity
was decreased in oral cancer patients
and changed dynamically, reflecting
clinical status during cancer therapies
(3). Also, our study using the well-
established hamster buccal pouch car-
cinogenesis model revealed that the

decrease in serum DPP IV activity oc-
curred from the early stages, such as
carcinoma in situ or early invasive
carcinoma (4). Based on these
findings, it was suggested that serum
DPP IV activity might be suitable as
a diagnostic or prognostic marker of
malignant tumors. However, the pre-
cise mechanism of decrease of serum
DPP 1V activity in cancer patients is
unclear.

Recently, it has been shown that DPP
IV is CD26, a surface antigen of T
lymphocytes, and plays a role in the
process of proliferation of T lympho-
cytes (5). In the former paper (6), we
reported that the number of peripheral

blood T lymphocytes was decreased
and the amount of DPP IV in their
plasma membranes was reduced in oral
cancer patients as compared with those
in healthy subjects, suggesting that sup-
pression of DPP IV in peripheral blood
T lymphocytes may be responsible for
the decrease of serum DPP IV activity
in cancer patients.

In this study, therefore, we further
analyzed the expression of DPP IV in
cultured peripheral blood T lympho-
cytes of oral cancer patients and the
DPP IV activity in culture medium with
or without mitogen stimulation, and
compared them with those of healthy
subjects.



Material and methods
Blood samples

Heparinized blood samples were col-
lected from 11 newly diagnosed and un-
treated oral cancer patients (male:fe-
male=6:5, age 25-84 yr, average 63.7
yr) and 13 healthy subjects (male:fe-
male=7:6, age 27-79 yr, average 53.8
yr). The oral cancer patients were all
diagnosed histologically as having
squamous cell carcinoma and were
composed of two people in Stage I,
three in Stage II, four in Stage III and
two in Stage IV, according to the TNM
classification of the International
Union Against Cancer (UICC) system
(1987). Peripheral blood lymphocytes
were isolated from peripheral blood by
density gradient centrifugation on
Lymphoprep™ (Nycomed Pharma AS,
Oslo, Norway) (6). Cell viability, as de-
termined by the trypan blue dye exclu-
sion test, was always greater than 95%.
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Assay for DPP IV activity

DPP IV activity was determined by
the fluorometric method of Kato et
al. (7), in which glycylproline methyl-
coumarinamide (Gly-Pro-MCA) tosy-
late (Peptide Institute, Protein Re-
search Fundation, Osaka, Japan) was
used as the substrate, as previously

described (6). Briefly, the reaction mix-.

ture containing 150 mM glycine-
NaOH buffer (pH 8.7), substrate and
enzyme sample was incubated at 37°C
for 30 min. After termination with
IM acetate buffer (pH 4.0), the fluo-
rescence intensity of 7-amino-4-
methylcoumarine liberated was meas-
ured at 460 nm with excitation at 380
nm by a spectrofiuorophotometer. The
DPP IV activities in culture medium
and lymphocyte extract were expressed
in IU (international unit)/liter of me-
dium and nmole/min/mg protein, re-
spectively (6).

o
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Cell culture and lymphocyte proliferation
assay

Peripheral blood lymphocytes were cul-
tured at 1X10° cells/ml in 24-well flat-
bottomed microplates (Corning, Corn-
ing, NY, USA) containing RPMI 1640
(Sigma, St. Louis, MO, USA) supple-
mented with 10% heat-inactivated
(56°C for 30 min) fetal bovine serum
(Filtron Pty Ltd, Drooklyn, Australia),
and 5 pM 2-mercaptoethanol, 50 U/ml
penicillin G, 50 pg/ml streptomycin sul-
fate. Culture was carried out in a hu-
midified atmosphere of 5% CO, in air
at 37°C for 7 days. Lymphocytes were
stimulated with mitogens, phytohemag-
glutinin (PHA-P; 10 pg/ml: Difco, MI,
USA), concanavalin A (Con A; 10 pg/
ml: Sigma) and/or T cell growth factor,
interleukin-2 (IL-2; 10 BRMP units/ml:
Collaborative Biochemical Products,
MA, USA); all cultures were performed
in triplicate. Cultured cell viability was
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Fig. 1. Expression of CD26 in cultured peripheral blood lymphocytes of oral cancer patients and healthy subjects. Lymphocytes were cultured
with 10 pg/ml of PHA for 3, 5 and 7 days. Direct immunofluorescence staining was performed with FITC-conjugated anti-human Tal mouse
monoclonal antibody. Note that patch and cap formation are observed in lymphocytes from healthy subjects, but not in those from cancer
patients. (magnification: X150)
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assayed by the 3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyt)-2-(4-
sulfophenyl)-tetrazolium (MTS) meth-
od. Briefly, 100 pl of the MTS/phenazine
methosulfate (PMS) solution [mixed
one-volume of PMS (0.92 mg/ml)-phos-
phate buffered saline (PBS) stock solu-
tion with 20-volumes of MTS (2 mg/ml)-
PBS stock solution] was immediately
added to each well and cultured for an
additional 4 h; the absorbance at 490 nm
was then measured using a microplate
reader (Model 3550-UV:Bio-Rad, To-
kyo, Japan). The absorbance in MTS as-
say and viable cell number by trypan
blue dye exclusion test had previously
been shown to demonstrate a linear
correlation in the culture conditions up
to 410 cells/ml and the correlation co-
efficient was 0.98 (P<0.05).

Preparation of cultured lymphocyte
extract

The cultured lymphocytes were solubi-
lized by suspending a cell pellet in 0.1
M Tris-HCI (pH 7.4) buffer containing
1% Triton X-100. The lysate was then
centrifuged at 12,000Xg for 5 min at
4°C and the supernatant was used as
the cell extract.

Direct immunofluorescence for CD26 in
cultured lymphocytes

Five microliters of fluorescein isothiocya-
nate (FITC)-conjugated anti-human Tal
mouse monoclonal antibody (Coulter
Immunology, Hialeah, FL, USA) were
added to 200 pl of culture medium con-
taining activated lymphocytes and then
incubated at 4°C for 30 min. After wash-
ing three times with PBS, FITC-labeled
lymphocytes were resuspended in Fluor-
Save™ (Dakopatts a/s, Denmark) and
examined by a Nomarski differential
interface microscope (BX50-34-DIC:
Olympus, Tokyo, Japan) and a fluores-
cence microscope (BX50-34-FLAIL:
Olympus, Tokyo, Japan).

Protein measurement

Protein concentrations were measured
by a modified Lowry method (8) with
the use of bovine serum albumin (BSA)
as a standard.

Detection of CD26 antigen by Western
immunoblotting

Ten micrograms of cultured lymphocyte
extract per lane were submitted to SDS-

polyacrylamide gel electrophoresis
(PAGE) in 7.5% acrylamide resolving
gels, as previously described (6). Briefly,
the electrophoretic transfer of proteins
from SDS-PAGE to polyvinylidene
fluoride (PVDF) membrane (Immobi-
lon-P, Millipore Corporation, Bedford,
MA, USA) was performed. After
blocking with BSA, the membrane was
incubated with anti-human Tal mouse
monoclonal antibody for 2 h and then
with biotinylated anti-mouse IgG rab-
bit antiserum (Tago Immunologicals,
Burlingame, CA, USA) for 1 h at room
temperature. For the color reaction, the
membrane was incubated with alkaline
phosphatase-labeled StreptABComplex
(Dakopatts a/s) for 20 min at room
temperature and the protein bands were
visualized with 5-bromo-4-chloro-3-in-
dolyl phosphate/nitroblue tetrazolium
(Sigma).

Statistical analysis

Statistical analysis was performed by
using the Mann-Whitney U-test.

Resulis
Expression of CD26 (DPP 1V) in cultured
peripheral biood lymphocytes

When peripheral blood lymphocytes
from 11 cancer patients or from 13
healthy subjects were cultured in the
presence of PHA, Con A and/or IL-2,

activated T lymphocytes formed
clumps. A large number of T cell
clumps were observed in the lympho-
cyte culture of healthy subjects on day
3, and the size of the clumps increased
from day 5 to 7 after cultivation. On
the other hand, few T cell clumps were
observed in samples from oral cancer
patients even on day 5, and the clumps
were smaller than those in healthy sub-
jects. During this culture period, ex-
pression of CD26 was examined by di-
rect immunofluorescence staining. The
CD26 antigen was more strongly ex-
pressed in the T cells of healthy subjects
than in those of the oral cancer pa-
tients. Patching and capping formation
were frequently observed in the healthy
subjects but not in the cancer patients

(Fig. 1).

T cell proliferation and DPP IV activity

In lymphocyte cultures with growth me-
dium containing PHA, Con A and/or
IL-2, DPP IV activity increased
markedly in the lymphocytes and cul-
ture medium in the healthy subjects but
only slightly in those of the cancer pa-
tients. Although the number of
lymphocytes on day 7 in the healthy
subjects was increased 3.4-, 3.4- and
2.2-fold compared to the number ob-
tained in the absence of stimulation
with PHA, Con A and IL-2, respec-
tively, the number of lymphocytes in the

Table 1. DPP 1V activities in cultured lymphocyte extracts of oral cancer patients and healthy

subjects

nmole/min/mg protein (mean+SD)
Stimulants Healthy subjects Cancer patients P-value
Without stimulants 3.29+0.47 (D)* 2.87+0.85 (1) N.S.
Con A 13.37+2.36 (4.1) 5.50+1.27 (1.9) <0.001
PHA 14.40+3.41 (4.4) 5.34+1.14 (1.9) <0.0001
1L-2 6.73£1.55 (2.1) 4.54+1.09 (1.6) <0.01
Con A+IL-2 15.75+£2.29 (4.8) 5.40+1.01 (1.9) <0.0001
PHA +IL-2 17.52+4.33 (5.5) 6.38+1.31 (2.2) <0.0001

*: Relative ratio, N.S.: not significant

Table 2. DPP IV activities in lymphocyte culture media of oral cancer patients and healthy

subjects
1U/1 media (mean*=SD)

Stimulants Healthy subjects Cancer patients P-value
Without stimulants 1.49+0.18 (1)* 1.45+0.09 (1) NS
Con A 2.01+0.33 (1.4) 1.69+0.21 (1.2) <0.01
PHA 2.18+0.42 (1.5) 1.80%+0.33 (1.2) <0.01
IL-2 1.77%0.38 (1.2) 1.63+0.23 (1.1) <0.01
Con A+IL-2 2.56+0.73 (1.7) 1.82+0.30 (1.3) <0.0001
PHA+IL-2 2.80+0.63 (1.9) 2.04+041 (1.4) <0.0001

*: Relative ratio, N.S.: not significant



cancer patients was increased only 1.6-,
1.7- and 1.5-fold, respectively. The cell
growth of T lymphocytes was enhanced
by the addition of IL-2 with PHA or
Con A. Furthermore, the DPP IV activ-
ity of healthy subjects was elevated 2.1-
to 5.5-fold in lymphocyte extracts and
1.2- to 1.9-fold in culture medium con-
comitant with the proliferation of T
lymphocytes, whereas DPP IV activity
of cancer patients was elevated only 1.6-
to 2.2- fold and 1.1- to 1.4~ fold, respec-
tively (Tables 1 and 2). Although T cell
proliferation and DPP IV activities in
cell extract and culture medium were
significantly increased in healthy sub-
jects as compared to cancer patients,
there was no significant difference be-
tween the clinical stages of cancer pa-
tients, so far as could be determined
from 11 patients. Figure 2 represents a
typical example of the T cell growth
curve and DPP IV activities in cell ex-
tracts and culture media in the absence
and presence of PHA.

Detection of CD26 (DPP IV) protein in
cultured lymphocytes

To measure the amount of CD26 (DPP
IV) protein in cultured lymphocytes,
SDS-PAGE and Western immunoblot
analysis with Tal mouse monoclonal
antibody were performed. When
lymphocytes were cultured with a stim-
ulant-free medium for 7 days, CD26
(DPP IV) protein was not detected in
any sample. However, it was detected in
the cell extracts of healthy subjects on
day 3, and the expression was enhanced
on day 7 after cultivation with PHA
stimulation. On the other hand, the
protein band was not shown clearly in
the cell extracts of oral cancer patients
on day 3 and was only faintly detected
on day 7. The amount of CD26 protein
in cultured lymphocytes was markedly
less in oral cancer patients (data not
shown).

Discussion

The cytochemical detection of DPP 1V
in human peripheral blood lympho-
cytes was first reported by Loipa (9).
The precise function of DPP IV in
human lymphocytes is still unknown,
but DPP IV is largely confined to T
lymphocytes and is implicated in
lymphocyte  proliferation. At the
Fourth International Workshop on
Human Leucocyte Differentiation An-
tigens (1989), DPP IV was defined as
CD26, one of the leucocyte surface
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Fig. 2. Relative cell number, DPP IV activity of lymphocyte extract, and DPP IV activity of
culture medium in lymphocyte cultures of oral cancer patients and healthy subjects. Lympho-
cytes were cultured without PHA (A) or with 10 pg/ml of PHA (B) for 7 days. Values are
significantly decreased in patients with oral cancer (*P<0.05, **P<0.01, ***P<0.0001) as

compared to healthy subjects.

markers involved in the activation of T
lymphocytes (5). SCHON et al. (10) re-
ported that inhibitors and antibodies
against DPP IV suppressed lymphocyte
proliferation induced by mitogenic lec-
tins (PHA, Con A, pokeweed mitogen)
and markedly reduced immunoglobulin
production by pokeweed mitogen-stim-
ulated lymphocytes as a consequence of
impaired T cell function. KASAHARA et
al. (11) demonstrated clinically in four
patients with rheumatoid arthritis that
4 weeks of thoracic duct drainage re-
sulted in a reduction in the peripheral
blood lymphocyte count and a concom-
itant decrease of serum DPP IV activity.

These findings suggest that reduction in
the number of lymphocytes and
lymphocyte functions has an influence
on the decrease in serum DPP IV ac-
tivity.

Cellular immunity mediated by im-
munocompetent cells such as macro-
phages, natural killer cells, and periph-
eral blood T lymphocytes plays an im-
portant role in the immune surveillance
that checks the development of malig-
nant cells. On the assumption that sup-
pression of cellular immunity allows
malignant cells to proliferate in vivo, it
is readily speculated that decrease in the
number of T lymphocytes and depres-
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sion of T cell function have an influence
on the expression of CD26 in T
lymphocytes, and thereby may bring
about the reduction of serum DPP IV
activity. We found in a previous study
that DPP IV activity and the amount of
CD26 in peripheral blood T lympho-
cyte plasma membranes were greatly re-
duced in cancer patients compared to
healthy subjects (6). Therefore, it is ne-
cessary to examine how DPP IV activi-
ty in activated T lymphocyte plasma
membranes is changed and whether
DPP 1V is released from the plasma
membrane into the extracellular space.

In this study we investigated T
lymphocytes obtained from oral cancer
patients and healthy subjects and then
cultured with PHA and Con A as T cell
stimulants and with IL-2 as a T cell
growth factor. In the cultured lympho-
cytes of healthy subjects, DPP IV activi-
ty and CD26 antigen expression
increased as the response of T lympho-
cytes to PHA, Con A and IL-2 devel-
oped. In the cancer patients, however,
the reactivity of T lymphocytes to these
stimulants was diminished, and DPP IV
activities in lymphocyte extracts and
culture media were lower than those in
healthy subjects. Furthermore, the
amount of DPP IV enzyme protein in
activated lymphocytes was markedly re-
duced in cancer patients. Since it is
known that the antigens located on the
cell surface of both normal and cancer
cells are released into serum or medium
by shedding (12), it is considered that
the reduction of CD26 expression in T
lymphocytes is important in attempts to
explain the mechanism of decrease of
serum DPP IV activity in oral cancer
patients. So far as has been examined
with 11 patients, we could not find
significant differences between clinical
stages of cancer patients and the extent
of the reduction of CD26 expression in
T lymphocytes; nevertheless, DPP IV
activity and CID26 expression in periph-

eral blood T lymphocytes, as well as se-
rum DPP IV activity, could be valuable
aids for the diagnosis and prognosis of
cancer patients.

At present, the precise cause of T cell
suppression in cancer patients is un-
clear. Recently, it was reported that
TGF-B suppresses the functions of
CD4- and CD8-positive. T cells and
lymphokine-activated  killer (LAK)
cells, resulting in immunosuppression in
the tumor-bearing state (13, 14). It
would therefore be of interest to eluci-
date whether the cytokines produced by
tumor cells are the key factor in the in-
duction of the decrease of serum DPP
IV activity in cancer patients.
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