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Ö Z E T 

İn vivo ve in vilro hücre araalıklı imimin 
cevaplar üzerine cerrahinin etkileri, muhtelif 
ilerlemiş, fakat rezektabl olan karsinomalı 12 
hastada ve benzer kontrollerde çalışıldı. 
Araştırılan parametreler şunlardı: tüberkülini an
tijenine deri cevabı (PPD), tolal lökosit, lenfosit 
ve T-lenfosit sayıları, total ve aktif E rozet yapan 
hücrelerin (A-RCF) yüzdesi, T hücrelerinin alt 
grupları ve Fc reseptörlerince tanınan A-RFC'ler. 
Hastalar cerrahi tedaviden 6-8 hafta sonra yeniden 
incelendiler. 

Tedavi öncesi hastalarda kontrollere göre, 
tüberkülin antijenine cilt cevabında azalma, lökosit 
ve lenfosit sayılarında artma, A-RFC'lerin 
yüzdesinde azalma, T hücrelerinin mutlak sayısında 
artma, T supressör hücrelerinin yüzdeleri ve mutlak 
sayılarında artma ve T helperlerin mutlak sayısında 
artına bulundu. T helplerin yüzdesi ise kontrol rak-
kamlan içerisinde bulundu. Cerrahi tedaviden 6-8 
hafta sonra bütün hastalarda normal immünolojik 
fonksiyonlar gözlendi. 
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S U M M A R Y 

Tlie effects of surgery on in vivo and in vitro cell-
mediated immune responses were studied in 12 
patients with various advanced but resectable car
cinoma and in appopriate controls. The parameters 
investigated were skin response to tuberculine antigen 
(PDD), total leukocyte, lymphocyte and T-lym-
phocyte counts, percentage of tolal and active E-
rosette forming cells (A-RFCs) and subsets of T-
Cells and A-RFCs identifield by Fc receptors. 
Patients were re tested six to eight weeks after surgery. 

Tlie results showed that there was a decrease in 
the cutaneous response to tuberculine antigen, an in
crease in leukocyte and lymphocyte counts, a 
decrease in the percentage of A-RFCs, an increase in 
absolute numbers of T-cells, an increase in percent
ages and absolute counts of T-suppressors (Tq, bear
ing receptor for Fc G), an increase in absolute counts 
of T-helpers (T\\, bearing receptor for Fc M) in un
treated cancer patients while the percentages of T-hel
pers remained within the control ranges. By six to 
eight weeks after surgery, all patients demonstrated 
normal immunological functions. 
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A number of studies evaluating general im-
munocompctcnce in patients with malignant dis
ease have been carried out in recent years. These in
vestigations have demonstrated significant impair
ment of delayed cutaneous hypcrsentivity to recall 
antigens (1,2,3), decreased percentage of active E-
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rosette forming cells (4,5,6) and a fluctuation in the 
propor t ion of subsets of T-cc l l s (7,8.9,10). 

It is known that after apparently succcsful 
surgery, the depressed immunity wi l l improve sig
nificant in most of the patients with malignencies in 
whom il has been previously impaired (11,12,13,14). 
Since cell-mediated immunity is a function of tymus-
dependent lymphocytes, which play a very impor
tant role in immunoregulat ion, we evaluated 
peripheral b lood T-lvmhocyte in patients with 
various carcinomas before treatment and six to 
eight weeks postoperatively to avoid im-
munodeprcssive effect of surgery and anesthesia 
(15,16,17). 

M A T E R I A L AND M E T H O D S 

Patients and Controls 
Twelve patients with histologically proven car

cinoma of the breast (five), stomach (four) and 
colan (three) attending the clinics at the Black Sea 
Universi ty M e d i c a l Schol l were studied. They were 
tredatcd with radical mastectomy, radical subtotal 
or total gastrectomy and anterior resection, respec
tively. Patients were selected on their first atten
dance before any kind of therapy was given. Cancer 
staging was done according to T N M classification 
and the paliens belonged to T l - 3 N l - 2 MO a t 
stages of cancer. There were eight women and four 
men ranging in age from 30 to 58 years with a mean 
age of 44 years. 

Twelve healty controls (seven women and five 
men) ranging from 28 to 46 years of ago, with mean 
percent age of 38, belonging to laboratory personel 
were used as controls and tested on the same days 
as the patients. 

A count of total leukocytes and lymphocytes 
per cubic milimeter of b lood was done using routine 
methods. Quantitation of T-lymphocytes was per
formed using spontaneous rosette formation with 
sheep erythrocytes. 

The Tubereuline Test 
The test consisted of intradermal injection of 

0.1 ml purified protein derivation ( P P D ) containing 
0.5 T.U/0.1 m l (Refik S A Y D A M I N S T I T U T E , 
A n k a r a , Turkey) ; 48 hours later the reaction was 
clasified into three caagorics a) negative (-), 
crxThema less than 5 mm in diameter; b) doubtful!, 
erythema 5-9 mm; c) positive ( + ), erythema 10 mm 
or more with enduration. 

Preparation Antisera Against 
Human Red Blood Cells (HRBCs) 
A rabbit antiserum againts H R B C s containing 

mainly I g M antibody was raised in rabbits by mult i 

ple intradermal injections of intact washed H R B C s 
(18) . The antiserum was heated at 56 °C for 30 
minutes and subjected to sephadex G - 2 0 0 ( S I G M A ) 
gel filtration. The antibody activity, determined by 
complement dependent hemolysis of H R B C s , was 
confined to the IgM conta in i rg exclusion peak. The 
mid-port ion of this peak was collected and divided 
into small aliquots, which were stored a t -20 n C . An 
antiserum againts H R B C s containing high litres of 
a n t i - H R B C IgG antibody was raised in rabbits by 
similar methods and the IgG fraction was purified 
by D E A E - c e l l u l o s e chromatography. The purity of 
the I g M and IgG fraction was checked by the 
hemagglutination procedure. 

Prearation of Lymphocytes 
Peripheral b lood lymphocytes were collected 

(19) and suspended in medium Tc-199 contain
ing inactivated 10% fetal calf serum ( S I G M A ) 
and antibiotics. Ac t ive rosette-forming T - L y m 
phocytes were separated using the method of 
Semenzato (20). 

Rosette Test 
Sheep red b lood cells ( S R B C s ) were taken 

under sterile conditions and stored in Alsever solu
tion at the appropriate concentrations. Total and ac
tive E-rosette forming cells were studied by 
methods of Jondal ct al. and Wybran and Fuden-
berg, respectively (21,22). 

T-Cell Purification 
T-lymphocytcs were purified by E-rosett ing 

with neuraminidase ( S I G M A ) treated S R B C s and 
separated on a F ico l l -Hypaque ( F - H ) ( S I G M A ) 
gradient, as previously described (23). T-cells 
were recovered after S R B C s lysis with 0.83% 
Tr is -ammonium chloride buffer, pH 7.2 and 
washed medium Tc-199 containing 10 % fetal calf 
serum and antibiotics. Macrophage contamination 
was less than 1%, as at tested by alpha-naph-
thyl acetate esterase activity. The cells this ob
tained were suspended in the medium at a 
concentration 2x10 6 per ml and incubated 37 °C 
overnight. 
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Subsets of T-Cells 
To and TM subsets (Bearing receptors for IgG 

and I g M respectively) were identified by of purified 
T-cc l l s with H R B C s coated with subagglutinating 
amounts of either purified IgG or I g M antibodies to 
H R B C s as described earlier (24), Briefly, To and 
TM cells were quantitated by addition of 0.1 ml of 
2% human red blood cells coated with anti-human 
erytrocytc antibodies either IgG or I g M respective
ly, to 0.1 ml of pure T - c c l l s suspension, followed by 
ccntrifugation at 500 rpm for 5 minutes and incuba
tion at 4 OC for 1 hour. A total of 200 cells was 
counted in each preparation. Subsets of A - R F C s 
were studied as above. The results are expressed as 
the mean ± S D . Student's t test was used to estimate 
the significance. 

RESULTS 
Incidence Reactivity to PPD 
It can be seen from the Table 1 that the in

cidence of reactivity to tuberclin in the preoperative 
group (333%) was significantly different from the 
92% in the control grdoup (p<0.01 by X 2 ) . Pos-
toperativaly, the incidence of reactivity returned to 
normal. 

Leukocyte and Lymphocyte Counts 
The total leukocyte and lymphocyte counts 

from 12 cancer patiens preoperatively and pos
toperatively arc shown in Figure 1,2 in comparison 
with those of 12 healthy controls. It was observed 
that untreated cancer patients showed a significant 
increase in the leukocyte count (8550 ± 1 9 4 0 ) and 

Table 1. The Percentage of Skin Reactivity to P P D . Total and Act ive E-Rosettcs, Subsets of T-cells and 
A - R F C s in Cancer Patients and Controls 

Controls 
Untreated 
Patients Significant 

Treated 
Patients Significance 

P P D + Anergic 0.00 41.70 8.00 
PPF>+ Doubtful 8.00 25.00 p<0.01 8.00 NS 
P P D + Normal 92.00 33.30 84.00 
Total E-Rosettes 66.9 ± 13.9 60.0 ± 9 . 8 NS 59.5 ± 12.5 NS 
Active E-Rosettes 31.2 ± 8 . 5 0 22.5 ± 7.5 p<0.05 26.7 ± 5 . 8 0 NS 
Tc-cells 18.3 ± 5 . 7 0 24.5 ± 4.8 p<0.01 22.0 ± 4 . 5 0 NS 

TG of A-RFCs 7.00 ± 4.00 10.9 ± 4 . 2 p<0.05 9.10 ± 3 . 3 0 NS 
TM-CCIIS 54.4 ± 12.4 51.3 ± 1 2 . 3 NS 52.0 ± 1 6 . 7 NS 
TM of A-RFCs 27.9 ± 8.90 29.1 ± 7 . 2 NS 28.4 ± 7.9 NS 

T M / T G Ratio 3.14 ± 0 . 9 2.11 ± 0 . 4 7 p < 0.0 2.5 ± 0.4 NS 

+ : Cutaneous response to PPD; NS: Not significant. 
Results are expressed as mean ± SD. 

Figure I. Ixukocyte counts of cancer patients and healty con- Figure 2. leukocyte counts of cancer patients and healty con
trols, trois. 

Turk J Resc Med Sci 1991, 9 



224 
UNUVAR ve Ark. 

EFFECTS OF SURGERY ON CELL-MEDIATED IMMUNITY IN CANCER PATIENTS 

lymphocyte count (2191 ± 5 6 2 ) in the periferal 
blood, compared with normal donors (6291 ± 1 1 9 5 , 
1310 ± 1 1 9 5 respectively). Postoperatively, the total 
leukocyte and lymphocyte counts were not different 
significantly from those of controls. 

As can be seen in Figure 3, the total T-lym-
phocytc counts bom 12 untreated cancer patients 
showed significant elevation (1331 ± 3 9 4 ) , com
pared with controls ( 8 5 9 ± 240, p<0.01) because of 
differences in total lymphocyte count in circulation. 
Whereas the percentages of T-lymphocyles ap
peared to be equivalent to that of normal controls 
(60.1 ± 9.8 and 66.9 ± 13.9, respectively). After surgi
cal treatment there was a significant decrease in the 
absolute number of T-lymphocytes in cancer 
patients (911.5 ± 458.8), when compared with un
treated patients (p < 0.05). 

Rosettes 
The results of the total and active E-rosettc in 

cancer patients and controls arc summarized in 
Table 1. No difference could be demonstrated for 
the mean percentage of total E-roselte forming 
cells. However, the mean percentage of active E-
rosettc forming cells was significantly decreased in 
untreated patients compared to controls 
(22.58 ± 7 . 5 , 31.25 ± 8 . 5 , respectively, p<0.05). But 
a statistically significant increase of active E-rosetle 
forming cells was observed postoperatively, where
as total rosette forming cells did not changed. 

Subsets of T-Lyinphocytes 
The percentage and absolute numbers of T o -

cells anmd T.M-cells, represting suppressor and hel
per populations, respectively from preoperative and 
postoperative cancer patients and controls are 

shown in Table 1 Figures 3,4. It appears that there 
was no significant difference in the percentage of T-
cells in untreated cancer patients ( T M , 51-0.8) when 
compared with controls ( T M , 54 ± 1 3 . 9 ) . However, 
the total number and percentage of TG-CC11S in cir
culation in cancer patients (331.1 ± 1 4 4 , 2 4 . 5 ± 4 . 8 ) 
were significantly greater than in controls 
(136.1 ± 6 1 , 1 8 3 ± 5 . 7 ) respectively, p<0.01). Also 
the total number of TM-CCIIS in the peripheral blood 
of untreated cancer patients (687.5 ± 332.7) showed 
significant elevation above that of normal control 
(463.9-149, p< 0.05). 

The percentages and absolute of Tc-and T \ i -
cells of A - R F C s in cancer patients arc shown in 
Table 1 and Figures 5,6, in comparision with con
trols. In the preoperative group, the percentage 
(10.9 ± 4 . 2 ) and absolute number ( 9 . 7 ± 6 . 3 ) of T G -
cells increased significantly when compared with 
controls (29.1 ± 7 . 2 ) and absolute counts 
(87.8 ± 5 2 . 8 ) of TM-CCIIS did not show significant dif
ferences from those of controls (27.9 ± 8 . 9 , 
7 6 . 5 ± 3 6 . 9 , respectively). Postoperatively, there was 
no differences between patients and controls. 

The T , M / T G ratio in the controls was 3.14 ± 0.9, 
while that in the preoperative group was 2.11 ± 0 . 4 7 
(p<0.01) and in the postoperative group was 
2.5 ± 0.4 (p> 0.05). 

DISCUSSION 
In this study we measured in vivo and in vitro 

parameters of cell-mediated immune function in 
cancer patients and compared the result with those 
of controls. 

The impairment of cell-mediated immunity 
measured in'vivo and in vitro has been reported in 
patients with various carcinomas (3,22,25,26,28). 

Figure J. T -cells absolute counts from the peripheral blood of 
cancer patients and controls. 

Figure 4. Tu-cells absolute counts in the peripheral blood o( 
cancer patients and controls. 
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Figure 5. TM-CCIIS absolute counts in the peripheral blood ol 
cancer patients and controls. 

These studies involve measurement of skin response 
to rcca l antigens (2,4), percentage and absolute 
number of lymphocyte populations and their sub
sets (7,8,9,29), lymphoproliferation to mitogens or 
alloantigens (30,31) and proport ion of total E-
rosette and active E-rosette (5). A m o n g the skin 
test using non-specific cell-mediated immunity as a 
cri terion, the tuberculin reaction is known to 
decrease in patients with malignant tumors. In our 
study, the decreased tuberculin reaction in un
treated cancer petients returned to normal levels 
after complete removal of the tumor. 

The total lymphocytes, T-cells and leukocytes 
showed significant increase in the untreated group 
in our study. Several workers have reported 
decreased percentage and total T-Lymphocyte 
counts in various carcinomas (8,32). Al though the 
percentages of TM-CEIIS in our patients were com
parable to to those of controls, their absolute num-

Figure 7. TM-CCIIS absolute 
populations. 

A-RFCs-cnriched 

Figure 6. Tu-cclls absolute counts in A-RFC-enriched popula
tions. 

bcrs were elevated in the untreated group because 
of the increased absolute lymphocyte count in the 
circulation. Six to eight weeks after operation, the 
total lymphocytes, leukocytes and T-cells showed 
significant reduction when compared with 
preoperative group. 

The total rosette assay measures a surface 
marker on all human T-ccl ls , wh'le active rosettes 
identify a proport ion of T-lymphocytes with high af
finity for sheep red b lood cells (33,34). Act ive 
rosette forming T-lymphocytes are through to be a 
subpopulation more actively involved in cel l -
mediated immunity than total E-rosette forming 
cells and reflect cellular immunocompentence more 
accurately than total E-rosette forming cells 
(5,6,35,36). In this regard and in view of the 
reported impairment of delayed cutaneous hyhper-
sensitivity in various carcinomas, our data showing 
reduced active E-rosette forming cells and normal 
total E-rosette forming cells and normal total A-
rosctle forming cells are in agreement with these 
reports. A l s o our data indicated that functional ac
tivities are more important than the number or per
centage of T-ccl ls for reflecting immunocom-
petence in cancer patients. Pr io r to surgery, the can
cer patients had significantly decreased percentage 
of A - R F C s (22.5 ± 7 . 5 ) when compared with the 
percentage in healthy controls (31.2 ± 8 . 5 ) . Tumor 
removal resulted in increase of active E-rosettc 
forming cell counts (26.7 ± 5 . 8 ) in our scries of 
patients when tested six to eight weeks postopera
tively. 

For the analysis of subsets of T-lymphocytcs 
we have used IgG Fc receptor (Fc R) and I g M Fc R 
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as markers. Since To and T.M-cells have been shown 
to conduct suppressor and helper function, respec
tively (37), we have used these markers to identify 
subsets of T-lmyphocytes. Recently, monoclonal an
tibodies for the assessment of T-lymphoeyte 
phcnotypes have been widely used (38,39). 
However , as shown by Bal l ieux and Heijnen (40), 
both of these methods detect overlapping popula
tions. O u r observation on the subsets of "["-lym
phocytes indicate normal percentages of TM-CCI1S 
and increased percentages of To-ce l l s , however the 
absolute numbers of cells in the helper as well as 
suppressor population were increased in the 
preoperative patients group. 

Elevated To-ce l l s and/or decreased TM-CC11S 
have been reported in various malignencies 
(7,8,9,29) and patients with some immunodeficiency 
disorders (41,42,43). In our study, the elevated per
centage and absolute numbers of To-ce l l s returned 
to normal levels after successfully removing the 
tumor. A l s o our observation on the subsets of A-
R F C s indicated increased percentages and absolute 
counts of To-ce l l s (7 ± 4 , 5 . 2 8 ± 3 . 4 , respectively). 
Al though the percentages and absolute counts of 
TM-CCIIS in A - R F C s (29.1 ± 7 . 2 , 87.8 ± 5 2 . 8 ) were in 
the normal range untreated cancer patients when 
compared with controls. It has been shown by im
munological and cylochemical studies that active 
rosette-forming cells include more active and imma
ture T-cc l l s and total E-rosettc forming cells, A-
R F C s and T-eell fractions differ considerably in 
various functional activities (20). A - R F C s were 
found to be consisted of cells capeblc to rcconizing 
and ki l l ing allogenic cells and have im-
munoregulatory effect on B cell immunoglobuline 
product ion and exhibit natural killer cell activity 
(36). O u r data showed that not only in the subsets of 
T-cells but also in the subsets of A - R F C s , there was 
significant alteration in cancer patients. We did not 
evaluate T supprcssor/eytotoxic subsets of A - R F C s 
in cancer patients whether they belong to cytotoxic 
or suppressor subsets. Surgiel removal of the tumor 
resulted in the significant increase of A - R F C s 
counts, indicating that surgery has a improving ef
fect on impaired immune function in favor of host 
immune system in cancer patients. 

In relation to T-helper / T-supprcssor r62atio, 
the patient group had a reduced ratio preoperative -
ly, comparing with controls (2.11 ± 0 , 4 7 , 4.14±0.90, 
respectively). L o w T-helpcr/T-supprcssor ratio in 
patients with a wide range of malignancies was 

reported by D i l lman et al (10), due both to relative 
decrease in the percentage of T-helper cells and 
relative increase in the percentage of T-suppressor 
cells. Af te r surgery, an increase at this ratio was also 
observed in cancer patients, due to significant 
decrease in the counts of T-suppressor cells. 

Thus the major deviations in immune 
parameters in untreated cancer patients appear to 
be increased absolute number of both regulator T-
cells, increased percentage of To-ce l l s , decreased 
percentage of active E-rosct le forming cells and 
decreased skin response to tuberculin antigen. 

W h e n the compare the pre-and postoperative 
parameters, the major abnormalities in regulatory 
cells and T-cells function disappered after surgery. 
This confirms that a cancer operation may act as im
munotherapy by removing the cancer cells that 
produce lymphocyte defects and immunodep-
prcsion and allowing the patient's immune system to 
recover in advanced but resectable cancer patients. 
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