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Abstract—Cellular fluidity of peripheral blood lymphocytes of 28 healthy donors, 24
patients with non-malignant urogenital diseases and 61 patients with urogenital
cancers was measured after stimulation of phytohaemagglutinin (PHA) by a fluores-
cence polarization (P) method described by Cercek and Cercek and modified by us.
P-values of lymphocytes without stimulation in each group were almost the same. The
lymphocytes from healthy donors or patients with non-malignant diseases responded to
PHA to a much greater extent than those from cancer patients. The stimulation index
(SI), which quantifies the responsiveness of lymphocytes to PHA, was calculated based
on the P-values. There was a significant difference in SI values between the control
group, including healthy and non-malignant donors, and the malignant group (P <
0.005). In patients with malignant diseases, SI values were found to have close relations
to the prognosis, stage, grade and lymphoid reaction. The present results indicate that
the measurement of PHA response based on cellular fluidity of peripheral blood
lymphocytes may be useful in diagnostic and prognostic evaluation of urogenital cancers.

INTRODUCTION
IN MALIGNANT diseases, the immunological
functions are known to be impaired, as

revealed by several immunological parameters
such as leukocytes migration inhibition, anti-
body-dependent cytotoxicity and T-cell func-
tion tests [1]. The membrane fluidity of tumor
or transformed cells is known to become higher
than that of the normal cells {2, 3]. In 1974,
Cercek et al. reported the responsiveness of
peripheral blood lymphocytes to stimulation by
phytohaemagglutinin (PHA) or so-called
cancer basic protein (CaBP). These responses
were observed by cellular fluidity (or struc-
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turedness of cytoplasmic matrix, SCM)
measured by fluorescence polarization (P)
technique, for which fluorogenic fluorescein
diacetate (FDA) was utilized as an intracellular
probe [4-7]. The lymphocytes from healthy
donors were stimulated by PHA and resulted
in an increased fluidity. On the contrary, sti-
mulation by CaBP resulted in no response. On
the other hand, the lymphocytes from patients
with malignant tumors were stimulated by
CaBP but not by PHA. Cercek and Cercek [8]
applied the SCM evaluation to lymphocytes
from a large number of patients with various
tumors and non-malignant diseases, as well as
healthy subjects, and concluded a potential
application of the method for diagnosis of
cancer. Takaku et al. [9] applied the method
similar to Cercek to the patients with gastric
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cancer and obtained a concordant result to the
previous reports. However, in spite of its
potential scope of clinical usefulness the ap-
plication of this method has been rather limited
because of the operational tediousness.

We have extended and re-evaluated the
method to the urogenital cancer patients using
PHA as a stimulant. In addition, the stage and
grade of tumors and patients’ prognosis were
correlated to the measured P-values.

A fluorescence polarization instrument used
in the present study is equipped with an
automatic calculator for- the P-value and
requires a much simpler operation.

MATERIALS AND METHODS

Donors

Blood samples were taken from 28 healthy
donors, 24 patients with non-malignant uro-
-genital diseases and 61 patients with non-
treated urogenital cancers. Diagnosis in most
patients of cancer was done histologically. Age,
sex and underlying diseases are summarized in
Table 1.

Chemicals

FDA was obtained from Dojin Chemical Co.,
Ltd., Kumamoto, Japan. Carbonyl iron and
PHA (Wellcome, purified PHA HA 16) were
purchased from Wako Chemical Industries,

Sadaaki Sakamoto et al.

Osaka, Japan and from Wellcome Research
Laboratories, Beckenham, England respec-
tively. Ficoll 400 and Conray 400 (sodium
tothalamic acid, 66.4% w/w) were obtained
from Pharmacia Fine Chemicals, Uppsala,
Sweden and from Daiichi Pharmaceutical Co.,
Ltd., Tokyo, Japan respectively.

Instruments [10, 11]

Polarization spectrofluorometry was done
with a JIMCO polarization spectrofluorometer
Model MAC-2 type HR-1, Japan Im-
munoresearch Co., Ltd., Takasaki, Japan. This
instrument is equipped with a primary
polarizer, an excitation filter (490 nm), a cell
housing, an analyzer polarizer, an emission
filter for 520 nm and a photomultiplier with an
amplifier system. A built-in microcomputer is
also furnished in the instrument, which cal-
culates the P-value and fluorescence intensity
(FI). Each P-value in the present study is a
multiple of about 2.0 X 10* of a real value.

All filters are three-cavity filters (Ditric
Optics Inc., Hudson, Mass, USA) with near
monochromatic performance, and with low
extinction (about 50% transmission) and little
depolarization.

A refrigerated water circulator Model RTE-8
(Neslab Inst. Inc., Portmouth, N.H., USA) was
employed to maintain the temperature con-
stant within = 0.05°C.

Table 1. Age, sex, underlying diseases and stimulation index (SI) of
lymphocytes from healthy donors, patients with non-malignant diseases
and cancer patients

Materials No. of Sex Mean SI
case M F age (yr) mean*S.D.
Healthy donors 28 25 3 40x12 98.7+151
Patients with non-
malignant diseases 24 16 8 50x17 85.8+19.3
Total 52 41 11 48+16 346=x183
Patients with malignant
diseases:
Bladder cancer 36 27 9 64+14 6.8x9.1*
Renal cell cancer 9 7 2 63+ 8 6.7x105*
Renal pelvic and
ureteral cancer 5 5 0 64+ 7 6.9+7.1%
Prostatic cancer 8 8 0 68+ 9 10.5+18.8¢
Other cancers 3 3 0 50x11 8.8+6.3}
Total 61 50 11 63+12 7.1+10.4*

*tStatistically different from control: *P < 0.005, +P < 0.025.
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Lymphocytes preparation

Peripheral lymphocytes were prepared by a
procedure described previously {12]. Briefly,
20 ml heparinized peripheral blood was mixed
with 2ml of 5% carbonyl iron suspended in
PBS (0.01 M phosphate buffer, 0.15M NaCl,
pH 7.0, PBS) containing 5% arabic gum. The
mixture was centrifuged at 400 g for 30 min on
a density gradient comprised of 9% Ficoll and
33.4% Conray in a ratio of 24:1.0. A band
of lymphocytes was collected at p=1.080,
washed twice gently with PBS by pipetting and
re-suspended in PBS in a Falcon test tube (1.7 X
10cm) at the concentration of 5% 10° lym-
phocytes/ml. This method yielded more than
95% lymphocytes containing less than 5%
monocytes and neutrophiles. The entire
process of lymphocyte purification was com-
pleted within 2.5 hr. The cell suspension in PBS
was kept in an incubator at 37°C and used
within 1 hr after preparation.

Assessment for the condition of polarization assay

Assay medium. In the present assay system,
PBS without Ca** and Mg'* was employed
since spontaneous and thermal hydrolyses of
FDA, as judged by FI, were observed during
preincubation with complete Dulbecco’s PBS
containing Ca** and Mg*".

Preparation of FDA solution. FDA (20 mg) was
dissolved in 1 ml of chloroform (spectrograde),
then diluted with PBS under vigorous stirring
to give a concentration of 25 uM (stock solu-
tion) and stored frozen until use. The final
concentration after 10-fold dilution with cell
suspension in PBS was 2.5 uM in the assay.
Since FDA concentrations of 0.25-20 uM yield-
ed about the same P-values in the present
system, a 2.5 uM FDA solution was used.

Lymphocytes concentration. When the cell con-
centration of the lymphocytes is more than
5x10%ml, the transmission of light becomes
too low (Asenm = 0.3) for accurate measure-
ment. On the contrary, when the cell concen-
tration is less than 10°/ml, FI becomes too low.
Therefore, a lymphocyte concentration of 5 X
10°/ml was used.

Temperature of assay. Below 20°C, there is
very little uptake of FDA into cells, while above
37°C, thermal and spontaneous hydrolyses of
FDA interfere with the measurement. Tem-
peratures of 27-32°C appeared to be ap-
propriate. In the present study, the measure-
ment was done at 27°C,

PHA concentration and incubation time with
FDA. Within the range of 5-40/fold dilution of
PHA (original solution; 400 pg/ml), the res-
ponse of lymphocytes was nearly constant, as

revealed by FI and P-values. Response of lym-
phocytes to PHA diluted more than 80-fold
gave considerable variations. Therefore, 100 ul
of 5-fold diluted PHA was added to 2 ml of the
cell suspension in a Falcon tube and allowed to
incubate at 37°C for 30 min with occasional
gentle shakings.

Procedure of fluorescence polarization assay

Based on the above-described condition, the
method was standardized as follows: 0.2 ml of
FDA stock solution was added into a cuvette
containing 2 ml of PBS which was preincubated
at 27°C, followed by thorough mixing by in-
verting several times of the cuvette covered
with a piece of Parafilm™. The cuvette was
then placed in a thermostated spectropolari-
meter. No thermal nor spontaneous hydrolyses
of FDA were recognized by FI in solution
without lymphocytes (less than 0.5 pmole/ml).
A possible extracellular esterase activity, which
might give a back-ground fluorescence, was
also undetectable in the supernatant of the cell
suspension. An aliquot of PHA-treated or non-
treated lymphocyte suspension containing 1X
10° cells in total was added to the cuvette fol-
lowed by gentle shaking, as described above.
Immediately after placing the cuvette in the
holder, the measurement was started. P-values
and FI were printed automatically.

Stimulation Index

In order to normalize these P-values in a
more standard manner, a stimulation index
(SI) was calculated as follows:

SI — PnonP_ PPHA X 100.

P.on and Ppya represent P-values of non-treated
lymphocytes and lymphocytes treated with
PHA respectively. The SI value in each case
was obtained by a mean of five SI values taken
at 7 min intervals from 2 min after FDA ad-
dition to the cuvettes.

Histological evaluation

In bladder cancer, the clinical staging system
of UICC [13] and the grading system of
Broders [14] were used. Lymphoid reaction in
bladder cancer was also examined histologic-
ally, according to the criteria of Sarma [15].

RESULTS

Fluorescence microscopy of FDA-treated lymphocytes

When lymphocytes were incubated with
2.5 uM FDA, the fluorochrome entered into
the cells immediately (within 1 min) and in-
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tracellular fluorescence was clearly visible un-
der fluorescence microscopy. As shown in Fig.
1, fluorescence could be seen not only in the
cytoplasm but also in the nucleus and the
microsome. Fluorescence was not usually
detected in the membrane. Free fluorescein
added to the cell suspension was not incor-
porated into the cells.

PHA response of lymphocytes

Typical examples of the time courses of P-
value and FI in cells from a healthy man and a
patient with cancer are shown in Fig. 2(A and B
respectively). P-values increased promptly and
reached a maximum value about 10 min after
incubation with FDA, followed by a gradual
decrease with time of incubation for 90 min. FI
increased gradually and reached a plateau after
60 min incubation. Lymphocytes from the
healthy donor responded to PHA and exhi-
bited an increased intracellular fluidity, as
represented by a decrease of the P-value. The
P-values of cells treated with PHA were about
two-thirds of those of non-treated cells. This
reduction of P-values or increased -cellular
fluidity was observed throughout the time
course of measurement.

On the contrary, the levels of FI in both
PHA-treated and non-treated cells were almost
the same (Fig. 2A), indicating that the amount
of fluorescent probe in these cells was not
affected by the treatment with PHA. In the case
of cancer, there was only a small difference in
P-values between PHA-treated and non-treated
cells (Fig. 2B). This indicated that lymphocytes
from the cancer patient responded only slightly
to PHA. FI values of both PHA-treated and
non-treated lymphocytes from the cancer
patient and those from the healthy donor were
all similar (Fig. 2B).

Stimulation index and incubation time in malig-
nant and non-malignant diseases

As shown in Fig. 3, the SI’s of ten represen-
tative cases from the cancer patients and the
non-malignant controls remained fairly con-
stant throughout the whole period of
measurement. The mean SI value of lym-
phocytes from 28 healthy donors was 28.7+
15.1 and that from 24 non-malignant patients
was 35.8+19.3. No significant difference was
detected between these two groups (Fig. 4, P >
0.5). Therefore, these two groups could be
referred to as the non-cancer control. Most
cases of the control groups showed SI values
higher than 17.0. Hence, an SI value of 17 can
be regarded as an arbitrary critical value. When
this value, 17, was applied to the controls

(healthy and non-malignant), most of them fell
within one S.D. unit. Only 4 cases (14%) of
28 healthy donors with no clinical evidence of
malignant status showed lower values than 17.0.
Three of these exceptional cases exhibited an
SI of less than 7.4 in the non-malignant group.
One of them was 55-year-old female with an SI
of 4.7 and the other was 53-year-old male with
an SI of 6.0. Both were suspected, however, to
have urinary cancer because +4 urinary fri-
brinogen depolymelized products [16] and in-
termittent hematuria were observed. The latter
showed class V in urine cytology. Although
clinical evaluation, including open surgery, did
not reveal the malignant status, they might be
reflecting a pre-malignant rather than a non-
malignant state. A third patient was a 32-year-
old male with an SI of 7.4. Laboratory
examinations showed no evidence of malignant
status and post-operative histological examina-
tion also failed to confirm any malignant in-
dication. The reason for the low Sls in three
cases remained unclear.

The mean SI value of lymphocytes from 61
patients with urogenital cancers was 7.1 +10.4,
which was significantly different from the con-
trol groups (P <0.005) (Fig. 4). In 13 cases
(21.3%), the SI value was below 0, with the
lowest being —22.9. This cancer group includes
the following five different urogenital cancers
(no. of cases): bladder cancer (36); renal cell
cancer (9); renal pelvic-ureteral cancer (5);
prostatic cancer (8); and 3 other cancers: two
testicular cancers and one penile cancer. Their
SI values are shown in Table 1 and Fig. 5.
There was no significant difference among
these subgroups. There were four exceptional
patients (6.5%) showing SI values of more than
17: two prostatic cancers of stage I, one renal
cell cancer of stage IV and one bladder cancer
of stage TL

Relation between SI and prognosis and malignancy
of cancer

As shown in Table 2, SI values and the
prognosis of patients with cancer were closely
correlated. Group A showed a statistically
significant  difference from group B-C.
However, there was little difference between
group B and group C.

SI values for each stage of bladder cancer are
shown in Fig. 6. Mean SI values were: 13.7+ 4.1
in stage T1; 9.4+3.7 in T2; 2.6 +3.2 in T3; and
-50+83 in T4 Each SI value was
significantly lower than that of control group
(P<0.005) and there were significant
differences in mean SI values between T1 and
T2 (P <0.05), T2 and T3 (P <0.01), T1 and
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T4, T2 and T4, and T3 and T4 (P <0.005) group (P <0.005). There were significant

respectively. differences between grade I and III and be-
SI values for each grade of bladder cancer tween grade II and III (P <0.005). No

are shown in Fig. 7. Mean SI values were: significant difference between grade I and II

14.7+ 3.8 in grade I, 11.0+4.2 in grade II and was recognized.

~0.7+84 in grade III. Each value was In the patients with prostatic diseases, SI of

significantly lower than that of the control cancer group (n =28) was significantly lower
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(10.5+18.8) than that of benign prostatic
hypertrophy (59.4 £ 18.2, n =7) (P <0.05).

SI and lymphoid reaction in bladder cancer
According to the histological criteria of
Sarma, lymphoid reaction in bladder cancer
was divided into four groups: negative (—);
slight (+); moderate (+ +); and marked (+ +
+). The results are summarized in Fig. 8. The
mean SI values for the four groups of lym-
phoid reaction were: (—), 142+35 (n=9);
(+), 134=33 (n=5); (+ +), 1.4x7.0 (n=8);
and (+ + +), 021 £10.8 (n = 7). There were no
significant differences in SI values between (—)
and (+) and between (+ +) and (+ + +) res-
pectively. However, the combined mean value
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ST of patients who died within one year after this test, that of patients

without metastasis who are still alive and that of patients who are still
alive but with metastases respectively.

of both (—) and (+) was significantly different
from that of both (+ +) and (+ + +) com-
bined (P <0.025). The results indicate some
relation between SI value and grade of lym-
phoid reaction in bladder cancer.

DISCUSSION

Cercek and Cercek [5, 8, 17} emphasized that
the success of the test depends on fastidious
attention to procedural details such as pre-
paration of lymphocytes, use of Dulbecco’s PBS
containing Ca** and Mg** at pH 7.4, meticulous
control of temperature, preparation of FDA
solution and wave length selection. In practice,
the tediousness resides primarily in such
operations as the manual filtration step to
remove the free fluorescein which leaked out
of the lymphocytes, fixing of the polarizer by
rotating 90° each time and opening and closing

Table 2. Stimulation index (SI)
in relation to the prognosis of
batients with cancer

Group* No. of SI
cases mean = S.D.
A 9 -3.0+46%%
B 11 4.5+9.8¢
C 41 10.4 + 10.0%

*(A)Patients who died within one
year after the test; (B) Patients who
are still alive with distant metastases;
(C) Patients who are still alive without
metastasis.

+1Statistical evaluation.
+P <0.005.

+P <0.05,
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of the lid for each point of measurement. Fur-
thermore, equipment requires a correction for
grating for the depolarization effect of the
optical system for the calculation of P-values.
These drawbacks may be the reasons for the
limited application [9, 18]. Meantime, a con-
troversial result was reported for the SCM test
[19]. Therefore, operational refinements in the
instrument are nessessary to overcome these
drawbacks. In this regard our instrument has
been improved in some of these points as des-
cribed.

We have re-evaluated the experimental
conditions, including the gradient centrifuga-
tion, concentrations of both FDA and PHA,
effect of pH of cell suspension, treatment time
of PHA and concentration of extracellular
fluorescein. The results obtained were essen-
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Fig. 8. Stimulation indices and lymphoid reaction in bladder
cancer. Vertical bars: mean £ S.D.

tially similar to that of Cercek [8].- However,
FDA, diluted with Dulbecco’s PBS, pH 7.4, was
gradually hydrolysed, perhaps due to the slight
alkalinity as judged by FI. Therefore, free
fluorescein, which Cercek described as effluent
fluorescein from lymphocytes [8, 20], may con-
tain these hydrolysed free fluorescein outside
of cells. In our assay condition with a detection
limit of about 0.5 pmol/ml, the extracellular
fluorescein was undetectable up to 30 min. In
addition, we have observed that some com-
mercial PHA was contaminated with esterase
which interfered with the measurement.

A previous report by Cercek [8] on lym-
phocytes from 270 healthy donors and 30 non-
malignant diseases showed that 98% of them
responded to PHA stimulation and only 2%
responded to CaBP. Of 272 cancer patients,
93.4% responded to CaBP but none of them
responded to PHA. Another 5.5% of the cases
responded to both CaBP and PHA at the same
time. Thus, 269 out of 272 (98.9%) could be
diagnosed as cancer by response to CaBP by
this method. There were only 3 false negative
cases (1.1%).

We undertook the present study initially with
PHA and CaBP, but our preliminary results
with CaBP were rather inconsistent. A part of
the reason may be a lack of identity with
CaBP of Cercek et al. in its biochemical charac-
terization [7]. Therefore, we used commercial
purified PHA only as the lymphocyte stimu-
lant, of which the chemical characteristics are
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established. In the present results, most of non-
malignant cases responded to PHA (SI: 34.6 +
18.3; Table 1). Only 4 of 28 healthy donors and
3 of 24 patients with non-malignant diseases
showed SIs of less than 17.0 (Fig. 4). In spite of
these minor discrepancies, the mean SI values
between controls and cancer exhibited a statis-
tically significant difference (P < 0.005).

It is anticipated that immunologically com-
petent patients have a better prognosis than
those with less competent patients. To clarify
this, a number of investigations for the
assessments of immunological responsiveness
of urogenital cancer patients have been repor-
ted, such as cell mediated cytotoxicity [22], skin
test [23, 24], in vitro lymphocyte blastogenesis
[24] and mixed cell agglutination using human
antisera [25]. In addition, a relationship be-
tween the grade and stage of the tumor and
immunocompetence have been described [23].
In the present study a significant difference
between cancers and controls in the response
of lymphocytes to PHA is demonstrated, al-
though a few exceptional cases can be seen
(Fig. 4). The present results also suggested that
SI exhibited a close correlation with both
tumor stages and grades of bladder cancer.
Furthermore, it was very interesting that SI
values were closely related to prognosis of

cancer patients, as shown in Table 2. The
results also showed some correlation of SI to
the lymphoid reaction (lymphatic infiltration)
in tumor tissue. The present results, therefore,
suggest that the measurement of SI may be
useful in diagnosis and estimation of prognosis
of urogenital cancers.

One may be able to explain this suppressed
state of lymphocytes to the PHA stimulation by
the effect of the humoral immunosuppressive
components in cancer patients and/or the
lymphocytes becoming unresponsive by such
factors at cellular level [26]. Alternatively, the
results may also indicate that lymphocytes that
had infiltrated into the cancer tissue recognized
the tumor specific antigen [27] from cancer
patients, which led to the response to CaBP as
revealed by the alteration in the cellular fluidity
[4, 8]. One can argue, however, that such altered
PHA responses in the cancer patients may be a
result of change in the lymphocyte subclass
population. This possibility seems unlikely,
though, since altered population of subclass
was not generally observed [28].
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