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Summary. Characterization of T-lymphocyte subpopula- 
tions adjacent to and infiltrating the primary tumor of 
breast cancer was carried out using a direct immunofluo- 
rescence procedure with the antibodies anti-(Leu-2a) for 
suppressor/cytotoxic (CD8 ÷) and anti-(Leu-3a) for help- 
er/inducer (CD4 ÷) T-lymphocytes. Fifty-six primary ma- 
lignant tumors with lymphoid infiltration were studied. 
The majority (58.9%) were infiltrating duct carcinoma. 
There were metastases to axillary lymph nodes in 6.67% of 
the patients. Massive lymphoid infiltration (> 40 lympho- 
cytes per x 400 microscopic field) was found in 19.6% of 
the tumors and moderate infiltration (20-40 lymphocytes 
per field) in 51.8%. In all the tumors studied there was a 
reversed CD4+/CD8 + ratio as compared to that found in 
normal peripheral blood. In 66.1% the CD4+/CD8 + ratio 
(helper/suppressor) was less than 1.0. The reversed ratio 
was due to a significant decrease in the number of helper 
cells (P <0.0005). The most significant drop was in the 
stroma area (P <0.0001) as well as in the tumor tissue 
(P = 0.001). Of particular interest was the significant 
positive correlation between the age of the patients 
and an increased number of CD4+lymphocytes in the 
stroma (P = 0.02). Significant negative correlations were 
found between a reduced number of CD4 ÷ lympho- 
cytes or CD4+/CD8 + ratio and several histological pa- 
rameters: tumor diameter, pleomorphism, nucleus/cyto- 
plasm ratio. There was also a significant positive corre- 
lation between the total number of CD8 + lymphocytes 
infiltrating the tumor tissue and the number of axillary 
lymph nodes with metastatic disease (P = 0.03). It is 
suggested that the reversed ratio of CD4+/CD8 + lym- 
phocytes may significantly affect the host/tumor immune 
surveillance. 

Introduction 

Lymphocytic infiltration in the area of and within a malig- 
nant tumor of the breast is regarded as evidence of an im- 
munological response to the tumor [12]. Whether this is as- 
sociated with a better prognosis is still a matter of debate 
[3, 12, 16]. In a previous retrospective study of 78 women 
with stage I breast cancer we found a correlation between 
lymphoid infiltration and a higher rate of recurrence and 
mortality [2]. 
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It has long been recognized that patients with ad- 
vanced cancer show a depression of the cell-mediated im- 
mune reaction [6, 271 and alterations have been reported in 
the subpopulations of T-lymphocytes in the peripheral 
blood of cancer patients [13, 21]. 

We present here the results of a study carried out to 
characterize the lymphocytic infiltration present at or 
around the site of the breast cancer, including the number 
and ratio of T-cell subsets. 

Materials and methods 
During the years 1985 and 1986 we obtained the primary 
tumors of breast carcinoma from 105 patients who under- 
went surgical procedures in the Beilinson Medical Center. 
Multiple histological slides were made from each primary 
tumor and Giemsa stain was used primarily to identify any 
lymphoid infiltration in the tumor tissue and its surround- 
ing stroma. Fifty-six tumors were found to have lymphoid 
infiltration and comprise the study material. The age of the 
patients ranged from 25 to 83 years (mean: 62.1 years). The 
clinical stage of the participating patients is shown in 
Table 1. The surgical procedures undergone were either 
modified radical mastectomy or quadrantectomy with ax- 
illary lymph-node block dissection. The mean diameter of 
the tumors was 2.8_+ 1.65 cm. Infiltrating duct carcinoma 
was the diagnosis in 33 (58.9%) of the tumors, whereas 
19 patients (33.9%) were diagnosed as having infiltrating 
duct carcinoma with areas of intraductal carcinoma, and 4 
(7.2%) had intraductal carcinoma alone. The mean number 
of lymph nodes removed from the axilla was 15+6.1, of 
which 6.67% were infiltrated by the tumor. 

Following eosin/hematoxylin staining each tumor was 
characterized histologically on the basis of the following 

Table 1. The distribution of the breast cancer patients studied in 
regard to TNM and clinical staging 

NoMo NiMo 

TI 16 10 
T2 15 12 
T3 3 

Stage 
I 16 
II 25 
III 15 
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parameters: tumor borders, appearance of  nucleus (vacuo- 
lar; hyperchromatic), nuclear pleomorphism, mitosis, nu- 
cleus/cytoplasm ratio, presence of  nucleoli and intensity 
of  lymphoid infiltration near and within the tumor tissue. 

The axillary lymph nodes removed were also examined 
for tumor cell infiltration by routine histological methods. 

Additional 4-~tm sections were cut from the frozen pri- 
mary tumor for direct immunofluorescence staining. After 
the slides had been brought to room temperature they were 
fixed in cool acetone (4 ° C). The T-lymphocyte subpopula- 
tions were then identified by a direct immunofluorescence 
procedure, using monoclonal  antibodies to CD4 + (helper/ 
inducer) and CD8 + (suppressor/cytotoxic) cells. Anti- 
(LEU-2a)-fluorescein-isothiocyanate (FITC) and anti- 
(LEU-3a)-(PE) (Becton Dickinson) were used diluted 1:10 
in phosphate-buffered saline. The histological slides were 
incubated with fluorescent monoclonal  antibodies for 1 h 
in a dark chamber on ice and then washed with phosphate- 
buffered saline for 3 min. Using a microscope equipped 
for epifluorescence with standard fluorescein filters, the 
anti-(LEU-2a)-FITC-labelled cells and the anti-(LEU- 
3a)-PE-labelled cells were observed simultaneously in the 
same microscopic field. For each primary tumor the CD4 + 
and CD8 + lymphocyte subpopulations were counted in 
10-15 different high-power fields ( x 400) at various loca- 
tions in the stroma and within the tumor tissue. The aver- 
age number of  CD4 + and CD8 + lymphocytes and their ra- 
tio were calculated for the different locations, as noted 
above. Using an indirect immunofluorescence procedure 
with anti-(LEU-2a) and anti-(LEU-3a) and FITC-labelled 
anti-(mouse IgG) serum, the T-lymphocyte subpopulations 
were classified in 10 tumors chosen randomly. Counting 
similar fields in the adjacent histological slides we ob- 
tained results with a high correlation between the two 
methods. 

The statistical package for social science, SPSS version 
9, was used to determine the correlation (r) or significance 
of  difference between the different groups. Analysis of  
variance was also used. 

Results 

Pattern of lymphocyte infiltration 

The histological parameters of  the primary tumors and the 
intensity of  lymphoid infiltration adjacent to and within 
the tumor tissue are shown in Tables 2 and 3, respectively. 

Table 3. Intensity of lymphoid infiltration adjacent to and within 
the tumor tissue of breast carcinoma 

Total number of lymphocytes 
(CD4 + and CD8 +) 
per x 400 microscopic field 

Percentage of patients 
(number of patients) 

<20 28.6 (16) 
20- 40 51.8 (29) 

>40 19.6 (11) 

In only 12.5% were the tumor borders well defined, where- 
as most (57.1%) showed elements of  invasion of  the stro- 
ma. The great majority of  tumors had vacuolated nuclei 
(87.5%), a low-to-moderate rate of  nuclear pleomorphism 
(89.3%), and a low-to-moderate rate of  mitosis (85.8%); 
66.1% of the tumors showed nucleoli. In only 10.7% of  the 
tumors was the nucleus/cytoplasm ratio slightly reversed. 

In the majority of  the tumors (51.8%) lymphoid infil- 
tration was moderate and in only 19.6% was it massive. 
There were lymphocytes scattered in the stroma surround- 
ing the tumor in 67.9% of cases and infiltrating the tumor 
tissue in 60.7% (there were 10 patients belonging to both 
categories). 

Subpopulations of T-lymphocytes infiltrating breast cancer 

There was a positive correlation between the number of  
CD4 + lymphocytes found in the stroma near the tumor tis- 
sue and the age of  patients (r = 0.417, P = 0.02) (Fig. 1). 
The diameter of  the tumor was correlated negatively with 
the CD4 + lymphocyte subpopulation of  T-lymphocytes 
(r = -0 .46 ,  P = 0.02) (Fig. 1). In most cases of  massive in- 
filtration by T-lymphocytes, the majority were CD8 + lym- 
phocytes (P = 0.0005). We found only one patient with a 
normal ratio similar to that found in the tissue in benign 
disease [1]. In 33.9% the ratio was from 3.3 to 1.0 and in 
66% it was lower than 0.99 (Table 4). A highly significant 
correlation was found between the ratio of  C D 4 + / C D 8  + 
and the total number of  CD4 + lymphocytes (P = 0.00001). 
Thus the decrease in the ratio C D 4 + / C D 8  + resulted from 
the significant decrease in the number of  CD4 + lympho- 
cytes (Fig. 2 A) (P < 0.0005). This significant decrease was 
found in the stroma (Fig. 2 B) (P = 0.0001) as well as with- 
in the tumor tissue (P = 0.001) (Fig. 2C). 

Table 2. Tumor-defining histological parameters in 56 primary tumors of breast carcinoma 

Category Borders a Nucleus type b Pleomorphism c Mitosis d Nucleus/cytoplasm 
ratio e 

Presence of 
nucleolus r 

(%) (%) (%) (%) (%) (%) 

l 7 12.5 49 87.5 31 55.4 l0 17.9 6 10.7 
2 32 57.1 7 12.5 19 33.9 38 67.9 31 55.4 
3 17 30.4 6 10.7 8 14.3 19 33.9 

37 
19 

66.1 
33.9 

a Borders: 1, well-defined; 2, ill-defined; 3, marked invasion 
b Nucleus type: 1, vacuolar; 2, hyperchromatic 
c Pleomorphism: 1, low-grade; 2, moderate; 3, high-grade 
d Mitosis: 1, low-grade; 2, moderate; 3, high-grade 
e Nucleus/cytoplasm ratio: 1, low; 2, moderate; 3, high 
f Presence of nucleus: 1, none; 2, present 
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Fig. 1. The number of CD4 + lymphocytes in the stroma adjacent 
to the tumor tissue correlated with age of patients, diameter of tu- 
mor and number of regional lymph nodes infiltrated by tumor 
cells. (The variation in numbers of patients is due to missing data) 
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Fig. 2. Mean number of T-lymphocyte subpopulations correlated 
with the H/S(CD4+/CD8 +) ratio in breast cancer: A adjacent to 
and within the tumor tissue; B in the stroma surrounding the tu- 
mor; C infiltrated within the tumor tissue 

The ratio of C D 4 + / C D 8  + was significantly lower with 
high-grade cell pleomorphism than it was with low and 
moderate pleomorphism (0.122 versus 0.735, P = 0.02). A 
decrease in the C D 4 + / C D 8  + ratio in the stroma was also 
observed when the primary tumor was characterized by a 
markedly reversed nucleus/cytoplasm ratio (P = 0.001). 

Table4. Difference in CD4+/CD8 + ratios in breast cancer 
patients 

C D 4 + / C D 8  + ratio Number  of patients 

3.30- 1.00 19 (33.9%) 
0.99-0.50 17 (30.3%) 

<0.49 20 (35.8%) 

The other histological parameters had no significant corre- 
lation with the number  or ratio of CD4 + and CD8 + lym- 
phocytes. 

The number  of lymph nodes infiltrated with tumor 
cells was positively correlated with an elevated total num- 
ber of CD8 + and a decreased number  of CD4 + lympho- 
cytes in the stroma (P = 0.05, P = 0.01) (Fig. 1). 

Discussion 

In this study we analyzed the T-lymphocyte subpopula- 
tions infiltrating the primary lesion of breast cancer. The 
use of frozen sections of the tumor tissue and monoclonal  
antibodies made it possible to quantify the ratio of 
C D 4 + / C D 8  + T-lymphocytes infiltrating the stroma and 
the tumor tissue in the same histological slide. It was felt 
that a closer look at these subpopulat ions would be of in- 
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terest in view of  our previous observation indicating a 
worse prognosis for stage I breast cancer patients with tu- 
mor-infiltrating lymphocytes in the primary breast cancer 
[2]. It is of  note that other workers [2, 18] also reported a 
high percentage of  primary breast cancer patients without 
lymphoid infiltration (55.1% and 80%, respectively), which 
is similar to our finding of  46.7%. 

A number of  recently reported studies deal with T-lym- 
phocytes in breast cancer patients. Some of  these [13, 21] 
studied mainly peripheral blood T-lymphocytes. Others 
[1, 9, 26] have characterized the tumor-infiltrating lympho- 
cytes in breast cancer. Kaszubowski et al. [13], Dillman et 
al. [5] and others [11, 14, 17, 23] found a relative and abso- 
lute decrease in the number  of  T-lymphocytes in the pe- 
ripheral blood of  patients with advanced metastatic carci- 
noma. A similar significant reduction in the total number 
of  T-lymphocytes in the tumor tissue was observed by An 
et al. [1] in patients with an advanced stage of  breast can- 
cer (>  stage III)  as compared to that found in an early 
stage and in benign conditions such as fibrocystic disease. 

Most previous reports agreed in finding an alteration 
in the ratio of  CD8 + and CD4 + T-lymphocytes in the pe- 
ripheral blood and in the tumor-infiltrating lymphocyte 
population. Vose and Moore [25] found a marked eleva- 
tion in CD8 + T-lymphocytes in the peripheral blood and 
in the CD8 + lymphocytes extracted from the tumor tissue. 
Supporting these results is the recent study by Whiteside et 
al. [26], who found an alteration in the C D 4 + / C D 8  + ratio, 
with a predominance of  CD8 + over CD4 + in most of  the 
tumor tissue specimens. On the other hand, a predomi- 
nance of  CD4 + in the tumor-infiltrating lymphocyte sub- 
populations has been reported by Gottlinger et al. [9]. 

Studies concerning the ratio of  CD4 + to CD8 + T-lym- 
phocytes in benign and malignant tumors of  the breast 
have demonstrated a predominance of  CD4 + lymphocytes 
in both benign and malignant breast tumors, but a much 
lower ratio of  C D 4 + / C D 8  + in the malignant tumors than 
in the benign tumors (1.79 and 6.8, respectively) [1, 9]. 

In all of  our patients the C D 4 + / C D 8  + ratio in the tu- 
mor tissue was abnormally reduced or reversed. In 66% 
there was a predominance of  CD8 + (Table 4). In analyzing 
the alteration of  C D 4 + / C D 8  + from the normal range we 
found a significant reduction in the total number of  CD4 + 
lymphocytes (P < 0.0005). This significant reduction was 
found in different areas - the stroma adjacent to the tu- 
mor tissue and within the tumor tissue (P  <0.0001 and 
P < 0.001, respectively). 

Unlike others [1] we found a significant negative corre- 
lation between the number of  CD4 + lymphocytes or the 
C D 4 + / C D 8  + ratio and some of  the histological parame- 
ters - tumor diameter, cell pleomorphism, nucleus/cyto- 
plasm ratio, and increased number of  metastases in region- 
al lymph nodes. All these histological parameters can de- 
termine the immaturity of  the tumor and the state of  ad- 
vanced tumor diesease. 

Elderly patients, mainly post-menopausal,  are consid- 
ered to have a better prognosis than younger patients. In 
this respect it was interesting to find a significant positive 
correlation between the age of  patients and the number of  
CD4 + lymphocytes in the stroma near the primary tumor 
tissue. 

The tumor-infiltrating lymphocyte population in breast 
cancer represents an immunological host reaction [24]. 
This immune response is made ineffective by various im- 

munological suppressive mechanisms. In their in vitro 
studies Vose and Moore [25] demonstrated the presence of  
suppressor activity capable of  reducing immunological re- 
sponses. The reduced number of  CD4 + lymphocytes and 
the abnormality of  the ratio of  C D 4 + / C D 8  +, as found 
by us and others [1], may be an expression of  a suppressive 
mechanism involving substances blocking T-lymphocyte 
replication, secreted by the tumor cells [4, 7, 8, 25]. This hy- 
pothesis is supported by the results of  Whiteside et al. [26], 
who stressed the relatively low number of  activated T-cells 
(10%), as expressed by surface antigen to interleukin II. 
Low levels of  interleukin II, resulting from a reduced 
number of  CD4 + lymphocytes, have been found to inter- 
fere with the generation of  LAK cells, which play a major 
role in lysis of  tumor cells [10, 15, 19, 20]. 

Additional studies concerning the tumor-infiltrating 
lymphocytes are required to clarify further the relationship 
between their subpopulations in breast cancer, with the 
aim of  enhancing their cytolytic function against the tu- 
mor cells. 
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