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Abstract  

Cancer patients and mice bearing tumors develop a progressive immu- 
nosuppression manifested by a decreased delayed-type hypersensitivity, 
decreased T-cell lytic activity, diminished production of lymphokines, and 
a reduced T-cell proliferative response. The mechanisms underlying these 
changes are incompletely understood. We recently reported the presence 
of marked alterations in signal transduction in T-ceils from mice bearing 
long-term (28-day) tumors. We hypothesized that a soluble product pro- 
duced by the tumor or resulting from the immune response to tumor might 
be responsible for inducing the changes in T-cells. Tumor-infiltrating lym- 
phocytes from patients with renal cell carcinoma tested here showed, in 10 
of 11 cases, a marked decrease in the expression of the T-cell receptor 

chain and in p56 ~r tyrosine kinase. The presence of major alterations in 
the tumor-infiltrating lymphocytes with only minor changes in the periph- 
eral blood leukocyte T-ceils supports the notion that the defects are in- 
duced by exposure to tumor. These results suggest that tumor.infiltrating 
lymphocytes may be compromised in their antitumor efficacy in patients 
with renal cell cancer. 

Introduction 

The  deve lopmen t  of  progress ive  tumor  g rowth  can be associated 

wi th  suppress ion  of  the i m m u n e  response (1, 2). Possible mechan i sms  

contr ibut ing to the decreased  i m m u n e  response  include the genera t ion  

of  b lock ing  ant ibodies  (3), the presence of  suppressor  mac rophages  

(4), the p roduc t ion  of  suppressor  factors by the tumor  cells, and the 

presence  o f  specif ic  tumor  suppressor  T-cells (5, 6). However ,  the 

m e c h a n i s m s  media t ing  the i m m u n o s u p p r e s s i o n  in cancer  patients are 

not  known.  Recent ly  major  alterations in the T-cell ant igen receptor  

and in the pa thways  of  s ignal  t ransduct ion in T-cells f rom mice  bear- 

ing co lon  ca rc inoma M C A - 3 8  (7) and renal cell ca rc inoma (RENCA)  4 

have been described.  Splenocytes  f rom mice  bear ing these tumors  

show a loss o f  the T C R ~  5 chain,  loss o f  p 5 C  ek, and a decreased ability 

to mobi l ize  intracellular Ca 2+ in response to activation signals.  These  
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changes  were  paral leled by a marked  decrease in the in vivo ant i tumor  

activity of  these T-cells (8) w h e n  used in adopt ive  immunotherapy .  
T IL  f rom h u m a n  renal cell ca rc inoma and other  h u m a n  tumors  have 

been shown  previously  to display a poor  prol iferat ive response  w h e n  

compared  to per ipheral  b lood  T-cells (9-11).  The  present  work  there- 

fore examined  the changes  in the TCR~ chain and in p56 lck in pe- 

ripheral b lood T-cells and TIL  preparat ions f rom patients wi th  renal 

cell carc inoma.  Major  alterations in both of  these signal t ransduct ion 

e lements  were  observed  in the T-cells f rom enr iched T IL  preparat ions;  

in contrast  minor  alterations were  observed  in PBL-T-cel ls  f rom these 

patients.  In addit ion,  i m m u n o h i s t o l o g y  revealed a marked  decrease in 

TCR~ express ion at the site of  tumor.  

Materials  and Methods 

Isolation of PBL-T and TIL. TIL cells were isolated from surgical speci- 
mens from 11 patients with renal cell carcinoma participating in protocols at 
the Cleveland Clinic. Of the 11 patients 6 presented with metastatic disease 
(Stage IV); the other 5 presented only with the primary tumor. All TIL prepa- 
rations were obtained from the primary tumor. Peripheral blood lymphocytes 
were obtained from 5 of these patients 3-5 days after their surgery. TIL were 
obtained from tumor by enzymatic digestion as described elsewhere (9). T- 
lymphocytes from TIL preparations and PBL were then enriched by passing 
cells over a nylon wool column followed by negative selection (magnetic cell 
separation; Miltenyi Biotec, Inc., Sunnyvale, CA) using microbeads conju- 
gated with monoclonal antibodies anti-CD16, anti-CD19, and anti-CD14. The 
percentage of CD3+ T-cells from tumor ranged between 56 and 86% whereas 
the range for PBL-T was 70-96% 

Western Blot. TIL preparations and PBL-T-cells were lysed by incubation 
in lysis buffer [25 mM Tris (pH 7.4), 300 mM NaCI, 0.5% Triton X-100, 1 mM 
sodium o-vanadate, 10 tzg/ml aprotinin, 10/xg/ml leupeptin, and 5 mra EDTA] 
for 5 min at 4~ The lysate was centrifuged at 12,000 rpm for 5 min after 
which the supematant was carefully harvested in order to not disturb the 
nuclear pellet. A 3 • SDS sample buffer was added to the lysate which was then 
boiled for 5 min and either stored at -70~ until used or electrophoresed 
immediately. Varying concentrations of cellular lysate (see individual experi- 
ments) were electrophoresed in 14% (for TCR~) or 8% (for p5C ok) Tris-glycine 
gels (Novex Experimental Technology, San Diego, CA) under reducing con- 
ditions and then transferred to Immobilon PVDF (polyvinyldiene difluoride), 
transfer membranes (Millipore Co., Bedford, MA). The membranes were in- 
cubated with a 5% solution of nonfat dried milk for 1 h and then blotted for 1 
h at room temperature with anti-TCR~ antiserum (Onco-Zeta 1; OncoThera- 
peutics, Cranbury, NJ) at a 1:2000 dilution, anti-p56 l~k (UBI, Lake Placid, NY) 
at a 1:1000 dilution, or anti-CD3E (DAKO Co., Carpinteria, CA) at a 1:5000 
dilution. The membranes were washed with 1 M Tris base-5 u NaC1-0.1% 
Tween 20 (pH 7.5) and incubated with anti-rabbit or anti-mouse immunoglobu- 
lin horseradish peroxidase (Amersham, Buckinghamshire, United Kingdom). 
After a washing with 1 M Tris base-5 M NaCI-0.1% Tween 20 (pH 7.5), the 
membranes were developed with the chemiluminescence kit ECL (Amersham) 
for 1 min. X-Omat AR film (Kodak Co., Rochester NY) was used to detect the 
chemiluminescence. 

Proliferation Assay. The proliferative capacity of TIL and PBL-T was 
determined by the uptake of [aH]thymidine (6.7 Ci/mmol; NEN, Boston, MA) 
after culture for 3 days in tissue culture media, 1000 units/ml of recombinant 
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IL2 (Hoffmann LaRoche, Inc, Nutley, N J) or cross-linked anti-CD3 (OKT3) 
(Ortho, Raritan, NJ) antibody plus 1000 U/ml of recombinant IL2. Results are 
expressed as the mean cpm of triplicate samples. 

lmmunocytology and Immunohistology. immunostained cytocentrifuge 
preparations were used to determine the percentage of T-cells enriched from 
TIL and PBL as described previously (9, 12). T-cells (1 • 105 cells) were 
stained using monoclonal antibody to CD3 (Leu4; Becton Dickinson, Moun- 
tain View, CA) at approximately 1 txg/ml. The slides were scored based on the 
enumeration of positive staining cells among 200 total cells counted. Frozen 
section immunohistology was used to identify cells expressing the CD3e and 
TCRff chains in renal carcinoma tissues as reported previously (12). The 
immunoperoxidase procedure was done using an automated immunostainer 
(Ventana 320). Mouse monoclonal antibodies CD3e (Caltag, San Francisco, 
CA) and CD3~ (Coulter, Hialeah, FL) were applied at a concentration of 1 
/.tg/ml. Positive controls consisted of tonsillar frozen sections stained with the 
monoclonal antibodies, and negative controls included the use of equivalently 
diluted nonimmune mouse IgG. These controls demonstrated the ability of the 
anti-TCR~ to stain frozen tissues. Sections were evaluated with conventional 
light microscopy using the following scoring: 0, no cells positive; trace, 1-5% 
of cells positive; +, 5-25% of cells positive; + +, 25-50% of cells positive; 
+ ++,  50-75% of cells positive; + + + + ,  75-100% of cells positive. 

Results 

Previous reports had shown that T[L cells from renal cell carcinoma 
patients had a decreased proliferative response to signaling through 
the T-cell receptor (9-11). These findings in addition to the recent 
description o f  the major alterations in the TCR~ chain and in signal 
transduction of the T-cells from tumor-bearing mice (7) 4 prompted us 
to determine if TIL from renal cancer patients had similar abnormali- 
ties in their signaling elements. Six TIL samples were tested for TCR~ 
chain using Western blot. Fig. 1A demonstrates the almost complete 
absence of the TCR~ chain in 5 of 6 samples as compared to the 
normal control (PBL-T-ceUs from a normal individual). However, it 
was possible that the striking absence of the TCR~ chain in the TIL 
preparations was due to a dilution effect caused by the presence of 
tumor cells in the preparation since these initial samples were not 
enriched for T-cells. Therefore, we tested for other components of the 
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Fig. 1. TIL cells showed a decreased expression in TCR~ but not in CD3e. A total of 
40/.tg of TIL lysate (an equivalent of approximately 4 • 106 cells) was electrophoresed 
in a 14% Tris-glyeine gel and blotted with anti-TCR~ and anti-CD3e. T-cells in the TIL 
samples ranged from 17 to 52%. ka~ molecular weight in thousands. 

Fig. 2. Immunohistology revealed a marked decrease in TCR~ in the TIL cells of the 
primary renal cell carcinoma. A, photomicrograph of frozen section stained with mono- 
clonat antibody to CD3e chain using the immunoperoxidase method. Numerous positive 
cells are identified (arrows). B, photomicrograph of frozen section stained with mono- 
clonal antibody to TCR~ chain. Occasional positive cells are identified (arrow). Coun- 
terstained with hematoxylin, • 400. This is representative data from one of six patients. 

TCR, which had been shown previously 4 to be expressed at normal 
levels even in the ceils which had lost TCRff. As shown in Fig. 1B, the 
CD3e chain was present in all of the TIL samples including those 
where TCR~ was absent demonstrating that the absence of the TCR~ 
chain in the TIL preparations was not simply due to the presence of 
contaminating tumor cells. 

We next considered the possibility that the changes in TCR~ ex- 
pression observed in TILwas attributable to procedures used to isolate 
T-lymphocytes from the tumor. However, this was excluded since the 
same defect in TCR~ was observed in situ. Immunostaining of renal 
cell carcinoma frozen sections from six patients (representative data in 
Fig. 2) showed strong expression of CD3e within the tumor bed (Fig. 
2A) and trace to no expression of TCR~ (Fig. 2B). Immunostaining of 
tonsillar tissue for TCR~ served as a positive control for the anti-~ 
antibody (data not shown). 

Changes in TCR~ chain expression in long-term tumor-bearing 
mice were observed in the splenocytes, even in the absence of spleen 
involvement with tumor. Thus, the effects of tumors on host T-cells in 
mice can be seen systemically. We, therefore, tested whether the 
changes observed in the TIL of renal carcinoma patients were present 
in circulating T-lymphocytes. Both PBL-T and TIL preparations were 
enriched for T-cells prior to running the assays. Fig. 3A demonstrates 
that in 3 paired PBL-TIL samples the TCR~ chain was greatly de- 
creased or absent in all TIL samples but present in all PBL-T samples. 
When comparing similar amounts of protein from cell samples with 
comparable numbers of CD3+ lymphocytes, it appears that the 
PBL-T from renal cell carcinoma patients have a reduced level of 
TCR~ relative to PBL from normal individuals. Moreover, when the 
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Fig. 3. Alterations in TCR~ and p56 ~ck is more pronounced in TIL cells than in 
PBL-T-celIs. Enriched T-cells ranged from 56 to 86% in TIL cells and between 70 and 
96% for PBL-T-cells. A, Western blot of lysates (70/xg/lane) from PBL-T and paired TIL 
(left to right, patients 8D, 10S, and llS) using antibody to TCR~. The positive control (+) 
represents 70/+g of protein isolated from normal PBL. B, Western blot of paired of lysates 
(90/xg]lane) from TIL and PBL-T plus positive control (normal PBL) using anti-CD3E 
(patients 8D and 10S). C, Western blot of cell lysates (50/+g/lane) from PBL-T and TIL 
(left to right, patients 8D, llS, and 10S) using anti-p56 lck antibody. Positive control (+) 
is 50 ~g of lysate from normal PBL 

same paired samples  were  tested for p56 lck, levels of  this tyrosine 

kinase were  also found  to be marked ly  decreased or absent  in the T IL  

cells but  not in the match ing  PBL-T-cel ls  (Fig. 3C).  The  difference in 

TCR~ and p56 lck express ion be tween  TIL  and P B L - T  was not attrib- 

utable to differences in T-cell number s  since the percentage  of  T-cells 

was  comparab le  f rom both  sources  and the level of  CD3e  detected by 

Western blot  was similar  for T IL  and P B L  (Fig. 3B). 

In renal cell ca rc inoma patients,  the funct ional  consequences  of  T IL  

having  a defect  in TCR~ and p56 ]ck express ion have not  yet  been  

defined.  However ,  we have found that the loss of  TCR~ and p56 ]ck in 

T IL  is paral leled by their poor  capacity to proliferate (Table 1). T IL  

and P B L - T  f rom 4 renal cell cancer  patients were  s t imulated wi th  

ant i -CD3 plus IL2 or IL2 alone. T IL  showed  a marked  reduct ion in 

their proliferat ive response  whereas  auto logous  P B L - T  prol i ferated to 

either s t imulus.  

D i s c u s s i o n  

Adopt ive  immuno the rapy  as an approach  to treat cancer  patients 

has evolved  f rom the use of  IL2-act ivated per ipheral  b lood cells 

( lymphok ine  activated killer cells) (13) to the use of  tumor-inf i l t ra t ing 

lymphocy te s  (TIL cells) in the hope  that the presence  of  T IL  in tumors  

ref lected an increased ant igen specifici ty (14). However ,  T IL  cells are 

difficult  to g row out of  certain types of  tumors .  In addit ion,  several  

reports  have shown TIL  cells to have a marked  decrease in the pro- 

l iferative response (9, 10), a low c lonogenic  potent ial  (11), and in 

some  T IL  preparat ions a signif icant  decrease in lytic activity (15, 16). 

All  o f  these funct ional  alterations suggest  the possibil i ty that the 

t umor  mic roenv i ronmen t  is s o m e h o w  responsible  for down-regula t ing  

the response o f  the TIL  cells. 

We have recent ly reported on two different  mur ine  mode l s  
(MCA-38  colon ca rc inoma and R E N C A  renal cell cancer)  (7) 4 in 

wh ich  T-cells f rom tumor-bear ing  animals  show a marked  alteration in 

the process  of  signal t ransduct ion and in the structure of  the TCR,  
namely  the absence of  TCR~ chain and p56 lck. These  changes  were  

paral leled by a decreased lytic activity and a marked  reduct ion in the 

in v ivo  ant i tumor  efficacy (8). The  data presented  here demonst ra te  

s imilar  changes  in the tumor-inf i l t ra t ing T-cells f rom patients with 

renal cell carc inoma.  These  marked  alterations could  at least in part 

explain the previously  reported decreased proliferative response  (9, 

10) and the low c lonogenic i ty  (11). The  s t imulat ion of  T-cells f rom 

long- te rm tumor-bear ing  mice,  wh ich  did not express  TCR~, did not  

show any decrease in prol iferat ion to ant i -CD3 + IL2 after 48 h of  

cul ture (8). However ,  the TIL  cells tested here after a 72-h s t imulat ion 

did show a marked  inhibit ion of  their prol iferat ive response to T C R  

and IL2R s ignal ing (9). It is possible  that the presence of  contami-  

nat ing tumor  cells in the T IL  preparat ion mainta ins  a state of  active 

suppression,  which  is not seen in the purif ied splenic  T-cells f rom the 

tumor-bear ing  mice.  We (8) and others (5, 6) have reported on the 

ability of  some tumor  supernatants  to suppress  the cytotoxic  activity 

Table 1 Proliferation of TIL cells and PBL-T cells from patients with renal cell carcinoma 
TIL and PBL-T were cultured in tissue culture medium (TCM) alone or with IL2 in the presence or absence of anti-CD3 as described in "Materials and Methods." After 2 days, 

the cells were pulsed with [3H]thymidine for the last 24 h of culture. 

cpm z 103 with following stimulus 

Patient Cell TCM IL2 Anti-CD3/IL2 

1E TIL 8.2 -+- 0.93 a 10.9 --- 2.9 20.6 - 9.6 
PBL 3.2 -+ 0.92 29.0 +- 0.81 78.7 --- 0.5 

2I TIL 2.6 ___ 0.18 1.9 "+- 0.19 1.8 --- 0.12 
PBL 0.4 + 0.21 81.7 -+- 9.5 117.7 - 14.7 

313 TIL 4.6 -+- 1.0 9.3 -+- 3.2 NT 
PBL 1.6 --- 0.95 18.0 - 5.6 NT 

9W TIL 0.8 -+- 0.25 3.1 -+- 1.2 6.7 -+- 0.79 
PBL 1.2 -+- 0.18 23.2 --- 2.5 59.0 -+- 2.77 

a Mean -+- SD. 
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o f  normal T-cells. In addition, tumors such as gl ioblastomas can 

produce  transforming growth factor/3,  which is known to suppress  the 

proliferative response of  T-cells. However ,  suppression by  tumor  may 

not be  the entire answer  to the changes  observed,  since sorted T-ceils 

f rom TIL preparat ions that were  devoid  of  tumor  also show the pro- 

liferative defect  (9). 

Unlike the sys temic  T-cell defects  documented  in splenic T-cells o f  

tumor-bear ing mice,  defects  in the PBL-T-cel ls  in patients with renal 

cell cancer  were  not as apparent. The major  decreases  in TCR~ and 

p56 lck were  mainly observed  in the TIL cells suggest ing that exposure  

to the tumor or the tumor microenvi ronment  induces the defect.  The 

initial changes  at the tumor site could  then be fo l lowed by  a sys temic 

alteration o f  the T-cells with the metastat ic  progression o f  the malig- 

nancy. Other major  alterations of  the T C R  have been associated with 

disease states (17, 18); however ,  these T C R  defects  are congenital  in 

origin, while the changes  reported here are acquired and seem to be 

induced in the tumor  microenvironment .  

The small number  o f  patients tested in the present report does  not 

al low us to draw definit ive conclusions  as to the clinical s ignificance 

of  these findings. However ,  T-cells f rom mice  bearing visceral  me-  

tastasis (19) and those f rom long-term tumor-bear ing mice (TCR~ 

negative) have a decreased therapeutic function (8). Therefore,  it will  

be  important to determine the extent and the clinical s ignif icance of  

these changes  in the final ou tcome of  cancer  patients receiving im- 

munotherapy,  Moreover ,  recent data 4 demonstra te  that upon success-  

ful therapy in mice bearing R E N C A ,  the marked alterations in signal 

transduction are reversed. Thus, it is possible  that these changes  can 

be  used to moni tor  the course  o f  the therapy in cancer patients. 
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