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Immune Effect of Tumor-infiltrating Lymphocytes and 
Its Relation to the Survival Rate of Patients with 
Ovarian Malignancies 
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Summary: Tumor-inf i l t ra t ing lymphocytes (TIL) in histological sections 
from 94 patients with ovarian malignancies were qaantitated for their rela-  
tion to the prognosis of the patients. It was found that the degree of lympho- 
cyte inf i l t rat ion directly affected the patientsW survival rate and also related 
to clinical staging of the patients, as well as grading and histologic typing 
of the tumor. T lymphocytes characterized by alpha-naphthyl acetate (ANAE) 
staining were the major cells in the stroma of ovarian malignancies. Ultra- 
structural study of TIL and cancer cells suggested that tumor cel l  degenera- 
tion is related to the effect of TIL. 
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Ovar ian  mal ignancy is the leading 
cause of death in  pat ients  w i th  gyneco-  
logic cancer. The prognosis  depends on 
a mul t i tude  of factors  including c l in i -  
cal staging of  the patients ,  cell grading 
and his to logic  typ ing  of  the tumor,  
residual  tumor  burden and sys temic  
immune s ta tus  of the host .  The  poss i -  
ble relevance of t u m o r - i n f i l t r a t i n g  l y m -  
phocytes  ( T I L )  in  s t roma to the p ro -  
gnosis  of  pat ients  is so far  poor ly  
understood.  In  v iew of  the possible 
role of T I L  in the g rowth  control  of 
tumor ,  we planned in th i s  s tudy  to 
evaluate the effect of T I L  on the pa -  
t ients  v su rv iva l  rate and the probable 
re la t ionsh ip  between T I L  and tumor  
cell lysis .  

M A T E R I A L S  AND METHODS 

Subjects 
HE stained sect ions f rom 94 spe-  

cimens of ova r i an  cancers surg ica l ly  

removed f rom pat ients  admi t ted  to our  
hosp i ta l  f rom 1982 to 1988, were i n -  
vest igated.  These cases included 47 of 
epi thel ia l  cancer, 20 of germ cell tumor,  
17 of sex cord s t romal  tumor  and 9 of 
ova r i an  metas ta t ic  tumor .  Frozen  sec-  
t ions and a l p h a - n a p h t h y l  acetate 
esteras e ( A N A E )  s ta in ing were made for  
tumor  specimens f rom 15 cases. T u m o r  
specimens f rom other  4 cases were s u b -  
jected to electron microscopic  obse rva -  
t ion.  

Observat ion  on  HE sta ined sec t ions  
The  number  of T IL  w i t h i n  the 

tumor  ce l l -normal  s t roma interface was 
examined (f ig.  1).  T I L  in each of the 
10 r andomly  sampled h igh  power  f ields 
were counted, and the i r  number  was 
expressed by  the mean value ( ~ ) .  L y m -  
phocyte  i n f i l t r a t i on  was graded as 
being mild  ( ~ ( 5 ) ;  moderate  ( 5 ~  
15) and marked ( ~ 1 5 ) ,  respect ively .  
A N A E  s ta in ing  

The t umor  t issues  were f ixed  for  
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Fig.  1. 

Fig.  3. 

Fig. 4. 

HE staining: ovarian serous 
cystadenocarcinoma (3.5 x 20). Ma- 
rked diffuse TIL in the proximity  
of tumor tissues. 
Normal ovary specimen. Normal 
lymphocytes with nuclear hyper- 
ehromatosis,few organelles.8000 x .  
Ovarian cystadenoearcinoma. Lym- 
phocytes in contact with cancer 
cell, have a lot of vial processes 

on the cell membrane and a 
hyperchromatic nucleus with deep 
notch. Cancer cells appear to have 
undergone degeneration. 6500 x .  

Fig.  5. Ovarian matastatic cancer. Lymp- 
hoeytes in contact with cancer 
cells. Cancer cells exhibi t  signs of 
injury including vaeuolization 
and cytoplasmic swelling. 6300• 

24 h at  4~ in 10o~ neut ra l  f o r m a l i n  
ca lc ium so lu t i on  and for  ano the r  24 h 
at 4 ~  in H o l t ' s  so lu t ion .  The  t i s sues  
were then  washed  in runn ing  tap w a -  
ter for  10 min .  Frozen  sec t ions  were 
made (5 ~tm th i ck )  w i t h  the AO f r o -  
zen sect ion machine ,  and immed ia t e ly  
s tuck on to  slides. These  sect ions  were 
incubated for  2 h at  37~ in a cul ture 
med ium conta in ing  f r e sh ly  prepared 
so lu t ion  of h e x a z o n i u m  and a l p h a - n a p h -  
thy l  acetate  ( p H  5 .9-6 . ]  ) .The  slides 
were  r insed to be freed f r o m  vis ib le  
depos i t s  and counters ta ined in the s o -  
lu t ion  of me thy l  green for  30 min,  
r insed aga in  and dried. At  least  100-203 
l y m p h o c y t e s  were counted under  the oi l  
immers ion  objective.  Cells w i t h  one or 
several  d is t inc t  g a y l y - c o l o u r e d  b r o w n -  

red dots or spots  in the c y t o p l a s m  were 
scored as pos i t ive .  

Electron microscopic examination 
Fresh  t umor  t i s sues  sampled w i t h i n  

5 m i n  a f t e r  c u t - o f f  of blood s u p p l y  
were put  immed ia t e ly  in to  the so lu t i on  
of 2 . 5 ~  g lu ta ra ldehyde  and f ixed a t  
4~ for  2 h ,  and then  r insed three 
t imes  in 7 ~  sucrose  so lu t ion .  The  t i s -  
sues were then  subjected to f u r t he r  
f ix ing ,  embedding and u l t r a m i c r o t o m y ,  
success ively .  The  carc ino ly t ic  effect of  
T I L  on t umor  cells was  examined under  
the t r a n s m i s s i o n  electron microscope.  

RESULTS 

1. The degrees of tumor lympho-  
cyte infi ltration 
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1) Clinical  s taging:  The pair  wise 
difference in the degree of tumor  l y m -  
phocyte i n f i l t r a t i on  between stages I 
and | ,  IV was h igh ly  s igni f icant  ( t a -  
ble 1: P ( 0 . 0 ! ) .  S imi lar ly ,  the d i f fe r -  
ence between the stages [ and I ,  
was also s igni f icant  ( P ( 0 . 0 5 ) .  The 
difference in T IL  between I and I[, 
as well as between stages l[ and lV, 
however,  was ins ignif icant .  These re -  
suits showed evidence of abundant  T IL  
in the s t roma of ear ly-s tage  n e o p l a s m  

2) T u m o r  cell grading:  In the 94 

cases studied, there were 47 of ep i the -  
lial ovar ian  cancer. The  degree of  
tumor  lymphocy te  i n f i l t r a t i on  in eases 
of grade I was much h igher  than in 
those of grades [ and l ,  the d i f f e r -  
ence being of s ta t i s t ica l  s ignif icance 
( P < 0 . 0 5 ) ,  but the difference between 
cases of  grades lI and il ,  was i n s ig -  
n i f ican t  ( table 2; P > 0 . 0 5 ) .  These r e s -  
ults suggest that  cases w i th  well d i f -  
ferent iated tumor  cells have h igh  degree 
of t umor  l ymphocy te  in f i l t r a t ion .  

3) His to logic  typ ing :  We inves t i -  

Table 1. Staging of ovarian malignancies  versus degree of TIL 

Stage n 
T1L 

(5r +s)  versus 
(4)  

P value 

ver~ us versus 
( 3 )  ( 2 )  

( I )  I 17 17.12-{-7.61 <o .o !  <0.05 

( 2 )  I 20 16.98+8.33 <0.01 <0.05 

( s )  I 39 I1 .47+8. !4  >0.05 

( 4 )  IV 18 8.75+6.88 

>0.05 

Table 2. Grading of ovarian malignancies  versus degree of TIL 

TIL P value 
Grade n 

( ~  +s)  versas(3) versus(2) 

( 1 )  I 17 16.13:J=8.25 <0.05 

(2") ][ 23 8.34-----6.28 >0.05 

( 3 )  ! 7 7.85_+5.52 

<0.05 

gated A7 cases of epi thel ia l  cancer, 21 
cases of germ cell tumor ,  17 cases o f  
sex cord s t romal  tumor  and 9 cases of 
ovar ian  metasta t ic  tumor.  The T I L  n u m -  
ber in the group  of germ cell t umor  
was obv ious ly  greater  than those in 
other  groups,  the difference being of 
s ta t is t ical  s ignif icance ( P ~ 0 . 0 1 ) .  The 
difference among the groups of ep i the -  
lial cancer, sex cord s t romal  t umor  and 
metastat ic  t umor  was ins igni f icant  ( t a -  
ble 3; P ~ 0 . 0 5 ) .  In  the group of g e r m  
cell tumors ,  a large number of  T IL  
(mean range 2 9 . t - 3 9 . 2 )  were observed 
in the s t romal  t issue of d isgerminoma,  
but a few TIL  (range 3 . 7 - 1 1 . 3 8 )  were 

found  in mal ignant  teratoma and endo-  
dermal s inus  tumor.  I t  was evident,  
therefore,  that  heavy  in f i l t r a t ion  of 
l y m p h o c y t c s  in d isgcrminoma raised the 
mean level of T IL  in the whole  g roup  
of germ cell tumors .  

I n  the present s tudy,  79 o~ 94 p a -  
t ients  were fol lowed up for ,  more than  
two years.  The degree of  l ymphocy te  
in f i l t r a t ion  in the tumor  t issue f rom 
these pat ients  was divided in to  three 
categories, namely,  mild, moderate and 
marked. The influence of T IL  on the 
su rv iva l  rate was shown  by  su rv iva l  
curves ( f ig .  2).  Pat ients  w i th  mild 
tumor  l ymphocy te  i n f i l t r a t i on  had a 
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Table 3. Histologic classification of ovarian malignancies versus degree of TIL 

T y p e  n 

TIL P value 

( ~  :ks) versus versus 
(4 )  ( s )  

versus 
(9.) 

(1) epithelial tumor 

(2) germ cell tumor 

(3) sex cordstromal tumor 

(4) metastatic tumor 

47 

21 

17 

9 

!0.73-I"5.32 >0.05 >0.05 

20.92-}'11.87 <0.01 <0.01 

9.65-I-6.14 >0.05 

7.38=I=3.59 

<0.05 

I 00 ["~..~'r ~ "-*: =7- Jo-- "-'* . . . . . . . .  ... . . . . .  . n=27  

;~ ~801 ~ "" .  'n-- 3-3 . ~ ~ . . . . . . .  
~ 6 o  

;.40 . . . . .  m a r k e d  
"-7 . . . . .  m o d e r a t e  
~20 "~ mild 

/ 

( m o n t h s )  

F i g .  2 .  T 1 L  a n d  s u r v i v a l  r a t e  i n  79 p a -  

t i e n t s  w i t h  o v a r i a n  m a l i g n a n t  

tumors. " 

poor  t w o - y e a r  surv iva l  rate ( 3 1 . 5 7 % ) ,  
while  the surv iva l  rate w i th  moderate 
and marked tumor  lymphocy te  i n f i l t r a -  
t ion  was 69.63qa and 8 8 . 7 5 ~ ,  respec-  
t ively ,  the difference being of s ta t i s t ica l  
significar_ce among these three groups  
( P < 0 . 0 5 ) .  These resul ts  indicated that  
pat ients  w i t h  pronounced T I L  had a 
h igh  su rv iva l  rate.  

2. The types of  infiltrating cells 
T h e  types of in f i l t r a t ing  cells were 

ident if ied by  f rozen section A N A E  s t a i n -  
ing in 15 cases of ova r i an  ma l ignan -  
cies. The major  in f i l t r a t ing  cells were 
lymphocytes  which  accounted for  6 6 . 5 6 ~  
of all the in f i l t r a t ing  cells. Mac ropha -  
ges const i tu ted  about  23 .66%.  Besides, 
a few po lymorphonue lea r  leukocytes 
were seen in the s t romal  t issue.  ANAE 
posi t ive  react ion was o b s e r v e d  in 
5 8 . 6 6 ~  of T IL .  

3. Ultrastructural changes 
In  the normal  o v a r y  used as control ,  

there were on ly  a small number  of n o r -  
mal round lymphoey tes  w i t h  nuclear 
hyperchromatos i s ,  scanty  cy top lasm and 
organelles ( f ig .  3) .  Dis in tegra ted  o rga -  
nelles in  T I L  were seen in on ly  one of 
the 4 cases of ova r i an  malignancies,  
probably  due to improper  sampling.  In  
the o ther  three specimens, l ymphocy tes  
were seen to be in contact  w i t h  cancer 
cells. These lymphocytes  had a lot of 
processes on the cell membrane, a big 
hype rch roma t i c  nucleus w i t h  deep n o -  
tches and p lenty  of cy top lasmat ic  o rga -  
nelles including Golgi  appara tus  and 
mi tochondr ia .  These morphologic  obser -  
va t ions  of the lymphocy tes  denoted a 
more act ive func t ion .  Meanwhile ,  the 
cancer cells in contact  w i t h  T I L  were 
seen to show lys is  or regressive chang-  
es, including cy top lasmic  swell ing,  
degenerat ion and vacuo l i za t i on  of c y t o -  
plasmic organelles (f ig.  4 and 5).  

DISCUSSION 

Abnormal  re la t ion  between tumor  
cells and the adjacent hos t  cells or t i s -  
sues is one of the b io logic  fea tures  of 
tumor .  H o s t - t u m o r  in te rac t ion  s i m i l a r -  
ly  may  have direct  inf luence on the 
biologic  behav io r  of the tumor .  Tumor  
s t roma is a component  par t  of tumor  
on the one hand,  and the site of in te rac -  
t ion  between body  effector  cells and 
tumor  cells, on the other .  Therefore ,  
the number of T I L  in the tumor  s t r o -  
ma may  reflect the hos t ' s  capab i l i ty  of 
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inh ib i t ing  the p ro l i f e r a t i on  of tumors .  
In the past ,  mos t  a u t h o r s  of ten paid  
more a t t en t ion  to the tumor  i tself  such 
as clinical  s taging,  cell g rad ing  and 
his tologic  t yp ing  when  they  evalua ted  
the p rognos i s  of  pa t i en t s  w i t h  o v a r i a n  
m a l i g n a n c i e s  Recently,  however ,  they  
began to focus  the i r  a t t e n t i o n  to the 
impor tan t  role of  T I L  and noted tha t  
the degree of l y m p h o c y t e  i n f i l t r a t i o n  
in tumor  s t roma  was  c losely  related to 
the prognos is  of  the pat ients .  

The resul ts  of  our  s t udy  indicated 
that  pa t i en t s  w i t h  o v a r i a n  m a l i g n a n c i -  
es showing  h igh  degree of t umor  
lymphocy te  i n f i l t r a t i o n  had  a h igh  
su rv iva l  rate ,  suggest ing tha t  the n u m -  
ber of  T I L  in tumor  s t roma  could 
d i rec t ly  affect  the p rognos i s  of  the p a -  
t ients.  Besides, it was  found tha t  a 
cer ta in  re la t ion  exis ted between the 
degree of l y m p h o c y t e  i n f i l t r a t i o n  and  
the cl inical  s tag ing ,  c e l l  g rad ing  and 
h i s to log ica l  typ ing .  The f ind ing  tha t  
there were large amoun t s  of T I L  in the 
s t roma of d i sge rminoma could a p p r o -  
p r i a t e ly  exp la in  w h y  the pa t i en t s  w i t h  
this t umor  had a r e l a t ive ly  h igh  s u r -  
v iva l  rate  despite  the presence of m e t a -  
s tas i s  and relapses .  I t  is, therefore,  
believed tha t  T I L  m a y  serve as an  
impor t an t  ind ica to r  in e v a l u a t i n g  the 
prognos is  of o v a r i a n  mal ignancies .  

The  resul t  of  f rozen  sec t ion  A N A E  
s t a in ing  revealed  tha t  5 8 . 6 6 ~  of T I L  
in the s t roma  showed a pos i t i ve  A N A E  
react ion.  Such A N A E  pos i t ive  cells 
are cha rac t e r i s t i c a l l y  ve r i f i ed  as  T 
lymphocy tes ,  wh ich  are believed to be 
the d o m i n a n t  effector  cells in h o s t ' s  
local i m m u n i t y  aga ins t  tumor .  

All  the above  resul ts  of m o r p h o l o -  
gic s tudies  could on ly  reflect s ta t ic  
s i t ua t i ons  in the di f ferent  s tages o f  the 
pa tho log ica l  process,  wh ich  migh t  not  
be taken  as good evidence of the i n t e r -  
r e l a t i onsh ip  between T I L  and  cancer 
cells. I t  has  even been p r o p o s e d  tha t  
the presence of l ymphocy te s  in tumor  
s t roma  migh t  be an  a r te fac t  in tha t  
they leaked out  f r o m  the blood vessels 

in the course  of sect ion p repa ra t ion .  
However ,  electron microscopic  e x a m i n a -  
t ion indicated enhanced func t iona l  a c t i -  
v i t y  of  T I L  b y  a series of  f ind ings  
including increased cell organelles ,  big 
and  notched nucleus,  etc. Meanwhi le ,  
the cancer cells seen to be in contact  
w i t h  TIL ,  were found  to have  unde r -  
gone degenerat ion or even lys i s .  I t  is 
reported tha t  when  T I L  come in to  c o n -  
tact  w i t h  the i r  target  cells, the Go lg i  
a p p a r a t u s  and endoplasmic  r e t i cu lum of 
the fo rmer  would  soon increase in Size 
and th ickness  t h rough  a series of  
i m m u n o l o g i c a l  and b iochemica l  r eac -  
t ions ,  resu l t ing  in the secre t ion of  

e y t o t o x i e  agents  respons ib le  fo r  the 
des t ruc t ion  of target  cells. I t  is,  t h e r e -  
fore,  jus t i f ied  to reason  tha t  i n f i l t r a -  
t ion  of l y m p h o c y t e s  in the s t roma  of 
tumor  is an ac t ive  process  of  the hos t  
to a t t ack  tumors  cells and i nh ib i t  the 
g r o w t h  of the tumor .  
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