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A B S T R A C T  

The immunomodulation determined by natural killer cell activity, de- 
layed-type hypersensitivity to purified protein derivative and phytohe- 
magglutin, and phenotypic changes of peripheral blood lymphocytes was 
characterized in 12 patients with epithelial ovarian cancer who received 
adoptive transfer of tumor-infiltrating lymphocytes (TILs) after cisplatin- 
containing chemotherapy (TIL group). As a control, 10 patients with 
epithelial ovarian cancer who did not receive infusions of TIL were also 
examined in the same fashion. In the TIL group, peripheral blood lym- 
phocytes showed increased percentages of cells bearing the CD8 antigen, 
in contrast to stable percentages of CD4 antigen-bearing cells, resulting in 
a decreased ratio of CD4 § to CD8 § cells. The percentages of CD16 and 
CD56 antigen-bearing cells also increased in proportion to augmentation 
of natural killer cell activity against K562 cells. Additionally, with regard 
to cell-mediated immunity determined by delayed-type hypersensitivity to 
phytohemagglutin and purified protein derivative, significantly and 
slightly enlarged erythema was observed 2 and 8 weeks, respectively, after 
the injection of TILs (phytohemagglutin, P < 0.05; purified protein de- 
rivative, not statistically significant). The control group showed no major 
changes in any of the immunological markers. These results suggest the 
possibility that the adoptive transfer of TILs induces immunoactivation of 
cellular immunity and enhances natural killer activity in patients with 
epithelial ovarian cancer. 

combination with systemic injection of rlL-2 is probably more com- 
plicated and may be mediated indirectly and partly by augmented 
immunity of patients through the secretion of cytokines, because TILs 
are known to secrete a number of cytokines such as I/ interferon, 

tumor necrosis factors a and/3, and rlL-2 (13-16). 
In humans, issues of the specificity and identity of effector TILs for 

autologous tumor cells have long been controversial (3, 17-20), al- 
though in vitro experiments indicate that the specific cytolytic func- 
tion of autologous tumor cells is mainly associated with CD8 § 

cytotoxic T-lymphocytes (3, 5, 21, 22). TILs used in adoptive immu- 

notherapy studies consist of a variety of lymphocytes, such as 
CD3+CD4 § CD3+CD8 +, CD16 § and CD56 § lymphocytes. Addi- 

tionally, noncytolytic CD4 + TILs have been found in melanoma to 
regulate the cytolytic function of CD8 + TILs (23), and CD8 + TILs 
have been reported to have a helper function mediated by secretion of 
cytokines (13, 14). These findings suggest the possibility that infused 
TILs produce not only direct cytotoxicity to the tumor cells but also 
secondary effects on cytolysis of tumor cells, by augmentation of NK 
cell activity through cytokines secreted from TILs. The purpose of  this 
study was to evaluate the effect of the infusion of TILs on immuno- 
logical modifications, both phenotypic and functional, in 12 patients 

with epithelial ovarian cancer. 

I N T R O D U C T I O N  

Lymphocytes infiltrating into solid tumors can be isolated surgi- 
cally from both murine and human tumors and propagated in vitro 

with high or low concentrations of rlL-23 (1-3). The majority of TILs 
cultured with rlL-2 are cells (in increased number) with both cytotoxic 

and helper function, mainly reactive to autologous tumor cells (3-5). 
Animal experiments have demonstrated that TILs activated by rlL-2 
have 50-100 times greater therapeutic potency than lymphokine-ac- 
tivated killer cells (1). In clinical trials, regression of tumors has been 

observed after the adoptive transfer of cultured TILs to patients with 
metastatic malignant melanoma, renal cell carcinoma, lung cancer, or 
epithelial ovarian cancer (6-10). 

The potential of TILs in the therapy of human cancer has encour- 
aged studies to optimize the effect of this treatment. One of the 
questions regarding TIL infusion is its possible effect of immuno- 
modulation in patients. The antitumor effect of TIL infusion has been 
suggested to direct tumor cytolysis mediated by TILs concentrated in 
tumor sites (11, 12). However, the function of TILs used alone or in 
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M A T E R I A L S  AND M E T H O D S  

Patients. Twenty-two patients with histologically documented epithelial 
ovarian cancer of advanced stage (International Federation of Obstetrics and 
Gynecology Stage II, III, or IV) were considered for this study. They were 
treated in either the Department of Obstetrics and Gynecology, Niigata Uni- 
versity Hospital, Niigata Cancer Center, or Niigata City Hospital. Eligibility 
criteria were as follows: age not less than 18 years; Eastern Cooperative 
Oncology Group performance status for 3 or lower (able to perform minimal 
self-care); life expectancy more than 2 months; no chemotherapy or radio- 
therapy for 4 weeks prior to entry into protocol; adequate bone marrow func- 
tion (WBC count, >4000/mm3; platelet count, >100,000/mm3), hepatic func- 
tion (total bilirubin concentration, <2.0 mg/dl), and renal function (creatinine 
concentration, <1.5 mg/dl); and no active infection. All patients gave informed 
consent according to Japanese Government Good Clinical Practice Guidance. 
Twelve patients received TIL treatment (TIL group), and the other 10 patients 
served as controls without treatment (control group). 

Treatment Design. TILs were obtained from cancer tissues resected at a 
primary operation. When the number of cells reached approximately 5 • 10 s 
after 2-3 weeks of cultivation with 100 units/ml rIL-2, the TILs were frozen 
and cryopreserved in liquid nitrogen for several months. After the primary 
operation, 5-fluorouracil/cyclophosphamide/Adriamycin/cisplatin or cyclo- 
phosphamide/Adriamycin/cisplatin were administered to all patients according 
to the following schedule: 350 mg/m 2 cyclophosphamide on day 1, 40 mg/m 2 
Adriamycin on day 1, 50 mg/m 2 cisplatin on day 1, and 350 mg/m 2 5-fluoro- 
uracil as a continuous infusion on days 1-5. The cyclophosphamide! 
Adriamycin/cisplatin regimen excluded 5-fluorouracil administration. All pa- 
tients underwent chemotherapy for three to five cycles. After recovery from 
toxicity due to the last chemotherapy cycle, the patients were given infusions 
of thawed TILs at one time. rIL-2 was used only for TIL cultivation and was 
not administered to the patients. 

Culture and Infusion of TILs. TILs were isolated fromn cancer tissue by 
the methods described elsewhere (3). Viable cells were then counted and 
placed in anti-CD3-coated plates at the density of 2 • 105 cells/ml, with 
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complete culture medium free from exogenous IL-2, in an humidified atmo- 
sphere containing 5% CO2 at 37~ The number of initially isolated viable cells 
from each tumor sample was 2-6 X 10 7 cells. The complete culture medium 
used was described elsewhere (3). After 1 week of CD3 activation, the cells 
were removed to plain 6-well plates (Coster), at a density of 2 x 105 cells/ml 
in complete medium with rlL-2. After 2-3 weeks of cultivation, the number of 
TILs reached approximately 5 x 10 s cells; the TILs were then frozen in 30% 
human AB serum with 7.5% dimethylsulfoxide, using a programming freezer 
(Planer Products Ltd.), and were cryopreserved in liquid nitrogen for several 
months. For administration, they were thawed rapidly at 37~ (with a recovery 
rate of 70-95%), washed three times with HBSS, and cultured as described 
above for another 2 weeks. After 5 weeks of cultivation (3 weeks before 
freezing and 2 weeks after thawing), the number of cells exceeded 1 • 10 9. 

The TILs in 100 ml of sterile saline supplemented with 20 ml of 25% albumin 
were administered i.v. to patients for 15-30 min at one time. Twelve patients 
whose number of cells reached 1 • 109 by the injection were selected for 
further investigation. 

Evaluation of Immunomodulation. As shown in Fig. 1, immunomodula- 
tion of the TIL group was evaluated. Cell-mediated immunity was measured by 
the delayed-type hypersensitivity reaction in skin, using the s.c. injection of 
PHA and PPD before and 2, 8, and 16 weeks after the TIL injection. NK 
activity in freshly isolated peripheral blood was evaluated before and 2, 8, and 
16 weeks after the injection. Likewise, phenotypic analysis of freshly isolated 
peripheral lymphocytes was performed using flow cytometry before and 1, 2, 
4, 8, and 16 weeks after the injection. Immunomodulation of the TIL group was 
compared to that of the control group. 

Flow Cytometry. TILs and peripheral lymphocytes (1 • l0 s) were washed 
in phenol red-free HBSS, containing 1% fetal calf serum and 0.2% sodiUm 
azide, at 4~ stained with an appropriate fluorescein isothiocyanate-labeled 
monoclonal antibody, incubated at 4~ for 45 min, washed twice, and resus- 
pended in 0.5 ml of medium for FACS analysis. The monoclonal antibodies 
used were anti-CD3, -CD4, -CD8, -CD16, -CD25, -CD56, and -HLA-DR 
(Becton Dickinson Japan, Tokyo, Japan). 

Skin Tests. PHA (10 p.g of PHA diluted in 0.1 ml of distilled water) was 
applied intradermally to the medial forearm; the response was measured at 24 
h and evaluated by measuring the mean of the long and short diameters of 
erythema. PPD (0.05 /xg of PPD diluted in 0.1 ml of distilled water) was 
applied in the same way and the response was measured at 48 h. 

In Vitro Cytotoxicity. In vitro cytotoxicity of TILs was assessed by using 
fresh frozen targets of autologous allogeneic tumor cells and K562 cells. NK 
activity of peripheral lymphocytes was assessed by using the NK cell-sensitive 
cell line K562 as the target. The target cells were labeled with C-FDA (50 
~g/ml diluted with RPMI 1640 medium; Sigma Chemical Co., St. Louis, MO) 
for 60 min at 37~ and washed three times with HBSS. The cells (5 • 10 3 

cells/well) were then incubated with various numbers of effector cells at 37~ 
for 3 h. After incubation, C-FDA in the supernate was masked with 5 mM calf 
hemoglobin (Wako Pharmaceuticals, Ltd., Tokyo, Japan), and C-FDA in the 
surviving cells was counted with an automated fluorescence microscope pho- 
tometer (Reitz Compact MT). Results were converted to percentage cytotox- 
icity as follows: percentage cytotoxicity = (maximal C-FDA count - test 
C-FDA count)/(maximal C-FDA count - minimal C-FDA count). Target cells 
incubated in medium alone or with 2% Triton X-100 were used to determine 
the spontaneous and maximal C-FDA count, respectively (24). Conversion to 
lytic units was performed as described previously (25). One LUso and 1 LU40 
were defined as the number of effector cells mediating 50% and 40% lysis, 
respectively, of 5 x 103 target cells. 

Lymphokine Secretion and Detection. Supematants of cultured TIL just 
before administration and patients' sera were tested. TILs (5.0 x 10 6 cells) 

Infusion of TIL 
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Fig. 1. Experimental design for evaluation of immunomodulation activity of TIL- 
treated patients. Immune status, including delayed-type hypersensitivity, NK cell activity, 
and phenotypic changes of peripheral blood lymphocytes, was analyzed for 16 weeks after 
TIL infusion. 1, delayed-type hypersensitivity reaction in skin; 2, phenotypic analysis of 
peripheral blood lymphocytes; 3, NK activity of peripheral blood lymphocytes. 

initially stimulated with anti-CD3 antibody for 1 week and cultured for an 
additional 4 weeks (2 weeks before freeze and 2 weeks after thaw) in complete 
medium plus 100 IU/ml rlL-2, as described in "Culture and Infusion of TILs," 
were plated at 1.0 x 10 6 cells/ml in 5-ml volume in 6-well plates (Coster). 
They were incubated at 37~ for 48 h and then the supernatant was aspirated, 
centrifuged at 1400 rpm to remove any cells, decanted, and frozen at -80~ 
Sera of the patients in the TIL group were also frozen at -80~ 1 h before and 
1, 2, and 5 h and 1, 3, 7, 14, 28, and 42 days after the injection of TILs. The 
supernatants and sera were thawed and tested in duplicate in IL-1/3, IL-2, 
TNF-a, and IFN-7 enzyme-linked immunosorbent assays (British Bio-tech- 
nology, Ltd). 

Statistical Analysis. Differences in the percentages of cell phenotypes, 
lytic units of specific cytotoxicity, and mean diameters of erythema by skin test 
were determined by the Wilcoxon rank sum test. 

R E S U L T S  

Cul ture  of  TILs.  From 17 patients with advanced stage epithelial 
ovarian cancer (International Federation of Obstetrics and Gynecol- 

ogy Stage II, III, or IV) who entered for the adoptive transfer of  TILs, 

5 preparations failed in continuous culture because of technical prob- 
lems and, consequently, 12 preparations of TILs were used in this 

study. Lymphocytes isolated from ovarian cancer tissues were stimu- 
lated by solid-phase activation with anti-CD3 antibody for 7 days. 
When the number of TILs reached approximately 5 X 108 cells, 

lymphocytes were collected, washed, and cryopreserved in liquid 

nitrogen for several months. When the patients had recovered from the 

toxicity of anticancer drugs and their bone marrow function was found 

to be normal, the TILs were thawed, washed, and cultured for another 

2 weeks with 100 units/ml rIL-2. 
In all 12 cases, 70-90% of TILs were confirmed to be viable by dye 

exclusion test when recovered from cryopreservation. Three-h C-FDA 
cytotoxic assays revealed no major change in killing activity against 

autologous tumor cells after the cryopreservation (data not shown). In 

the additional 2-week culture, TILs maintained the same proliferative 

property and reached 1.4--6.4 X 10 9 cells. 

To characterize the cell surface phenotype of TILs, flow cytometry 
was performed on cultured TILs just before injection into patients 
(Table 1). In 12 preparations of TILs, CD3 + T-lymphocytes were the 

dominant cell type and these lymphocytes were activated T-lympho- 

cytes, as judged by the expression of the HLA-DR antigen. Seven 
preparations were TILs with CD3+CD8 + cells in excess of 50% 

(CD8 § dominant group), and the rest of the preparations were TILs 

with CD3+CD4 + cells in excess of 50% (CD4 + dominant group). To 
examine the cytotoxic properties of TILs, 12 preparations growing in 

cultures supplemented with rIL-2 were tested simultaneously in a 3-h 

C-FDA assay (Table 1). 
With regard to preferential killing in this study, the cytotoxicity was 

higher against autologous tumor cells, compared with at least two 

allogeneic ovarian tumor cell types. Preferential killing of autologous 

tumor cells was observed in all seven preparations in the CD8 + 
dominant group and in two of five preparations in the CD4 + dominant 
group. In the preparation from patient 10, cytotoxicity against allo- 

geneic fresh tumor cells from patient 7 was markedly higher than that 
against autologous tumor cells. In the preparation from patient 9, 
cytotoxicity was low against autologous tumor cells as well as against 
two allogeneic tumor cell types. The cytotoxic activity of all prepa- 
rations of both CD4 + and CD8 § dominant groups against K562 cells 

was low (10.5-31.5 LUso/107 cells). 
Patients. In 12 cases from the TIL group (Table 2), five serous 

cystadenocarcinomas, four mucinous cystadenocarcinomas, two en- 
dometrioid adenocarcinomas, and one undifferentiated adenocarci- 
noma were included. Patients' ages ranged from 27 to 79 years, with 
a median of 54 years. In the control group (Table 3), three cases were 
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Table 1 Phenotypic flow cytometry analysis and characteristics of killing of fresh tumor cells of cultured TILs propagated from epithelial ovarian cancer tissues 

The phenotype of TILs was determined by FACS analysis performed with a 488-nm argon laser on a Becton-Dickinson FACS. Fluorescein isothiocyanate-labeled monoclonal 
antibodies were purchased from Becton-Dickinson Japan and used at the appropriate dilution. Leu-4 recognizes mature T cells (CD3), Leu-3 recognizes class I-restricted cytotoxic/ 
suppressor T cells (CDS), Leu-2 recognizes class II-restricted helper/suppressor inducer T cells (CD4), HLA-DR recognizes B cells, monocytes, macrophages, and activated T cells, 
Leu - l l c  recognizes NK cells and neutrophils (CD16), anti-IL-2R recognizes low affinity IL-2 receptor (CD25), and Leu-19 recognizes the major subset of cells associated with NK 
activity (CD56). One LUso is defined as the number of effector cells mediating 50% lysis of 5 • 103 target cells. 

% of positive cells Number of Killing activity (LUso/107 cells) 
cells injected 

Patient no. CD3 CD4 CD8 HLA-DR CD16 CD25 CD56 ( x  109) Autologous K562 AUogeneic 

TIL cultures with CD3+CD4 + cells in excess of 50% (CD4 + dominant group) 
2 99.9 53.6 43.2 99.4 2.6 44.3 ND m 2.8 83.3 17.8 15.2, a 64.5 c 
7 99.2 64.3 35.6 98.9 2.6 98.6 3.3 2.5 78.1 22.3 33.5, a 80.6, h 22.8 y 
9 99.3 80.3 16.7 99.2 1.2 92.8 9.0 3.5 16.2 10.5 20.6, a 9.8 l 

10 99.5 86.3 16.8 99.2 2.0 83.9 6.6 2.8 42.0 31.5 35.9, a 58.6, g 15.8 h 
12 99.1 82.0 15.8 99.1 2.9 52.0 8.8 2.0 82.0 15.5 63.5, a 79.1, i 53.5 k 

TIL cultures with CD3+CD8 + cells in excess of 50% (CD8 + dominant group) 
1 99.1 8.5 91.7 90.6 1.1 92.0 ND 2.4 100.2 28.1 66.7, b 43.5 c 
3 99.9 34.9 68.2 81.8 0.9 66.5 ND 2.9 66.7 16.5 22.7, a 54.1 b 
4 97.3 39.9 63.9 97.0 4.9 44.6 ND 1.8 68.9 18.5 31.7, a 41.7, e 27.0 y 
5 98.3 21.9 76.8 99.0 4.0 50.5 3.5 6.4 90.9 22.3 58.1, a 52.6, d 8.2 f 
6 90.8 9.2 80.5 99.9 10.6 90.8 21.1 3.5 95.2 28.3 45.0, a 34.5, d 21.7 e 
8 96.5 17.3 77.0 99.0 2.9 96.4 8.5 1.4 103.2 19.5 36.8, a 65.4, g 32.3 j 

11 98.3 10.3 87.2 98.9 3.5 90.3 4.1 2.0 121.0 18.4 48.6, a 50.5, h 21.3 t 

a ~  Fresh tumor cells from each patient; 
'~ no. 1; b no. 2; c no. 3; d no. 4; e no. 5; 
" ND, not done. 

fno.  6; g no. 7; h no. 8; i no. 9; j no. 10; k no. 11; l no. 12. 

serous cystadenocarcinoma, three endometrioid adenocarcinoma, two 
mucinous cystadenocarcinoma, and two clear cell adenocarcinoma. 

Tumor reduction surgery revealed that macroscopic residual tumor 
mass remained in nine patients among 22 patients in the TIL and con- 
trol groups. However, by completion of three to five courses of cis- 
platin-containing chemotherapy, i.e., cyclophosphamide/Adriamycin/ 
cisplatin or 5-fluorouracil/cyclophosphamide/Adriamycin/cisplatin, 
residual tumor was detected in only one patient (TIL group) and eight 
patients were considered to be free of disease by examinations such as 
internal examination, ultrasonography, CT scan, and/or magnetic reso- 
nance imaging. 

With chemotherapy, the toxicity was severe in all patients. Fifteen 
patients completed five cycles and seven patients had three or four 
cycles because of toxicity of grade 3 or 4. All patients experienced 
nausea and vomiting, which were generally mild to moderate in de- 
gree. All patients developed alopecia. However, within 1 month after 
the completion of chemotherapy the patients recovered from toxicity 
such as anemia, thrombocytopenia, granulocytopenia, body weight 
loss, and elevation of liver enzymes, and the performance status of all 

22 patients was grade 0 or 1. When the cultured autologous TILs were 
infused into 12 patients of the TIL group, no remarkable complica- 
tions such as nausea, vomiting, hepatitis, oliguria, hypotension, or 
respiratory distress due to increased capillary permeability and loss of 
intravascular fluid were observed in any patient. 

Because TILs were administered to patients in stage II, III, or IV, in 
principle, five of 10 in the control group and one of 12 in the TIL 
group were in stage I. However, all patients but one in the TIL group 
had no detectable lesion, and performance status was grade 0 or 1 in 
all patients. Therefore, the 10 patients were considered appropriate to 
serve as controls for evaluation of immunomodulation. 

After discharge, patients visited the hospital regularly for early 
detection of recurrence, and internal examination, checks for tumor 
markers in serum, and examination by ultrasonogram or CT scan were 
performed every 4 weeks. During this experiment, neither signs of 
recurrence nor newly developed metastases were detected in any 
patient. In patient 4, a tumor mass with a hypercalcificated portion 
was measured by CT scan 3 days before administration of TILs. The 
size of the residual cancer did not show any increase on CT scan 

Table 2 Characteristics of the patients treated with adoptive transfer of cultured TILs after chemotherapy 

Age (yr)/ 
Patient performance 

no. status Clinical diagnosis Histopathology 

Prognosis 
No. of 

Previous chemotherapy Outcome of Observed 
treatment Regimen courses Outcome disease period (mo) 

1 49/0 Ovarian cancer stage IIc 
2 27/0 Ovarian cancer stage IIb 
3 52/0 Ovarian cancer stage IV 
4 51/0 Ovarian cancer stage IIIc 

5 51/0 
6 58/1 
7 60/0 
8 55/0 
9 50/0 

10 54/0 
11 57/0 
12 79/1 

Ovarian cancer 
Ovarian cancer 
Ovarian cancer 
Ovarian cancer 
Ovarian cancer 
Ovarian cancer 
Ovarian cancer 
Ovarian cancer 

stage IIIc 
stage IV 
stage IIc 
stage IIc 
stage IIa 
stage Ia 
stage IIIc 
stage IIIc 

Endometrioid adenocarcinoma 
Mucinous cystoadenocarcinoma 
Mucinous cystoadenocarcinoma 
Serous cystoadenocarcinoma 

Undifferentiated adenocarcinoma 
Serous cystoadenocarcinoma 
Serous cystoadenocarcinoma 
Endometrioid adenocarcinoma 
Mucinous cystoadenocarcinoma 
Serous cystoadenocarcinoma 
Serous cystoadenocarcinoma 
Mucinous cystoadenocarcinoma 

Surgery (B1 a) FCAP b 5 NED c NED 32 
Surgery (A d) FCAP 4 NED NED 29 
Surgery (B1) FCAP 3 NED NED 30 
Surgery (B2 e) CAP 5 Cancer Cancer 33 

bearing f bearing g 
Surgery (B1) FCAP 5 NED NED 30 
Surgery (B1) FCAP 5 NED NED 29 
Surgery (B1) FCAP 3 NED NED 25 
Surgery (A) FCAP 5 NED NED 29 
Surgery (A) FCAP 3 NED NED 25 
Surgery (A) FCAP 3 NED NED 29 
Surgery (B1) CAP 5 NED NED 26 
Surgery (B1) CAP 5 NED NED 24 

a Largest diameter of residual tumor was <2 cm. 
b FCAP, 5-fluorouracil, cyclophosphamide, Adriamycin, cisplatin; CAP, cyclophosphamide, Adriamycin, cisplatin. 
r NED, no evidence of disease. 
d No macroscopic residual tumor. 
e Largest diameter of residual tumor was >2 cm. 
fTwo low density areas (18 • 18 mm and 12 • 7 mm) (presumably residual tumor) were detected in front of the spleen by CT scan. 
g The lesion detected by CT scan was not changed and tumor marker was within the normal range. 
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Table  3 Characteristics of the patients treated without adoptive transfer of cultured TILs after chemotherapy 

Patient 
no.  

Age (yr)/ 
performance 

status 

No. of 
Clinical Previouw chemotherapy 

diagnosis Histopathology treatment Regimen courses Outcome 

Prognosis 

Outcome of Observed 
disease period (mo) 

13 43/0 
14 43/0 
15 56/0 
16 25/0 
17 42/0 
18 40/0 
19 51/0 
20 56/0 
21 48/0 
22 57/0 

Ovarian 
Ovarian 
Ovarian 
Ovarian 
Ovarian 
Ovarian 
Ovarian 
Ovarian 
Ovarian 
Ovarian 

cancer stage Ic Clear cell adenocarcinoma Surgery (A a) FCAP b 5 NED c 
cancer stage IIc Serous cystoadenocarcinoma Surgery (A) CAP 3 NED 
cancer stage Ic Endometrioid adenocarcinoma Surgery (A) CAP 3 NED 
cancer stage Ic Mucinous cystoadenocarcinoma Surgery (A) FCAP 5 NED 
cancer stage Ic Endometrioid adenocarcinoma Surgery (A) FCAP 5 NED 
cancer stage Ic Clear cell adenocarcinoma Surgery (A) FCAP 5 NED 
cancer stage lie Endometrioid adenocarcinoma Surgery (A) CAP 5 NED 
cancer stage IIc Serous cystoadenocarcinoma Surgery (A) FCAP 5 NED 
cancer stage IIc Mucinous cystoadenocarcinoma Surgery (A) CAP 5 NED 
cancer stage IIIc Serous cystoadenocarcinoma Surgery (Bla) CAP 5 NED 

NED 30 
NED 34 
NED 30 
NED 32 
NED 31 
NED 31 
NED 29 
NED 27 
NED 26 
NED 26 

a No macroscopic residual tumor. 
b FCAP, 5-fluorouracil, cyclophosphamide, Adriamycin, cisplatin; CAP, cyclophosphamide, Adriamycin, cisplatin. 
c NED, no evidence of disease. 
d Largest diameter of residual tumor was <2 cm. 

during 33 months of observation. Patient 11 was treated with TILs by 
her request, even though she had an early stage of ovarian cancer 
(International Federation of Obstetrics and Gynecology Stage In). 

Delayed-Type Hypersensitivity Response. The delayed-type hy- 
persensitivity response of ovarian cancer patients was scored by mea- 
suring the diameter of erythema 24 h and 48 h after intradermal 
injection of PHA and PPD antigens, respectively (Fig. 2). In all 12 

patients in the TIL group, the response to PHA antigen was signifi- 
cantly increased either 2 weeks (23.6 _+ 5.6 mm) or 8 weeks (23.3 +_ 
4.4 mm) after the injection of TILs, compared to pretreatment scores 
(16.7 ___ 4.6 ram), and this effect of hyperresponse to PHA antigen 
disappeared after 16 weeks (17.3 _+ 3.4 mm). In both CD4 § and 
CD8 + dominant groups, increased response to PHA antigen was ob- 
served 2 and 8 weeks after injection (data not shown). Additionally, a 
similar effect was observed in the response to PPD antigen in the TIL 
group, but the difference between responses before and after TIL 
treatment was small and not statistically significant. Administration of 
TILs may have enhanced the response to the mitogen (PHA) that 

produces nonspecific proliferation of lymphocytes more strongly than 
the secondary response to the sensitized antigen (PPD). In the control 
group, activated responses to either PHA or PPD antigens were not 
observed. 

Phenotypic Changes in Peripheral Blood Lymphocytes. Lym- 
phocyte subsets expressing CD3, CD4, CD8, CD16, and CD56 anti- 
gens in the peripheral blood of patients in the TIL and control groups 
were analyzed for 16 weeks using flow cytometry (Fig. 3). In the TIL 
group, significant changes were observed in the percentages of CD8 + 
cells (P  < 0.05) at 4 and 8 weeks after the TIL infusion and CD16 + 

cells (P < 0.05) and CD56 § cells (P < 0.05) at 2, 4, and 8 weeks, but 
not CD3 + and CD4 § lymphocytes. On the other hand, no changes 
were seen for all subpopulations of peripheral blood lymphocytes in 
the control group. 

Cytotoxie Activity of Peripheral Blood Lymphocytes against 
K562 Cells. To determine whether NK activity can be enhanced by 
transfused TILs, the cytotoxic activity of freshly isolated peripheral 
blood lymphocytes was determined by C-FDA assay, using K562 cells 
as target cells (Fig. 4). The cytotoxicity of peripheral blood lympho- 
cytes was assayed before and 2, 8, and 16 weeks after TIL treatment, 
and increased cytolytic activity with K562 cells was observed in the 
TIL group. A significant difference was noted between mean cytolytic 
unit values (LU4o/107 cells) measured before and after the infusion of 

TILs (before therapy, 30.2 _+ 9.2 LU4o/107 cells; 2 weeks later, 44.7 

_+ 19.5 LU4o/107 cells, P < 0.05; 8 weeks later, 42.1 _+ 14.0 LU4o/107 
cells, P < 0.05). In both the CD4 § and CD8 § dominant groups, 
enhanced NK activity of peripehral blood lymphocytes was observed. 
In seven patients of the TIL group the highest cytolytic activity was 
seen 2 weeks after the treatment and activity subsequently decreased 

at 8 and 16 weeks; in four patients the highest activity was observed 
8 or 16 weeks after treatment. The control group showed no remark- 

able change. 

Infusion of TIL 
mm I - 1 
30 

20 

~ I i:5 
~o 
go 

3 
"6 

-I-2.3 \+--S D ] 

-1 2 8 16 -1 2 8 16 

Weeks After Infusion of TIL 

mm Infusion of TIL 

~ I ) N  $ 3o 

' ! i:5 
g 
go 

10 I r  ___. I~ o 

"6 

116.7 23.6 23.3 17.3 
1__+,.6 _+5.6 _+4.4 _+3.4 +~5.~ 

-1 2 8 16 -1 

I 

�9 ( Mean 

2 8 16 

Weeks After Infusion of TIL ,p<0.05 

Fig. 2. Delayed-type hypersensitivity to PPD (top) and PHA (bottom). PHA (0.1 ml) 
and PPD (0.1 ml) were injected intradermally into the medial forearm of patients in the 
TIL group (0) and the control group (O). The means of the long and short diameters of 
erythema were calculated at 24 h (PHA) and 48 h (PPD). After the infusion of TILs, the 
enlargement of erythema was observed in TIL-treated patients. 
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Fig. 3. Phenotypic changes of peripheral blood lymphocytes from patients of the TIL group (I) and the control group (O). Sequential analyses of CD3 +, CD4 +, CD8 +, CD16 +, 
and CD56 § subpopulations after TIL infusion are illustrated. 

C y t o k i n e  Levels in Supernatants  of Cul tured TILs and in Pa- 
t ients '  Sera. The supernatants from serial experiments were assayed 
for IL-1/3, IFN-?, TNF-o~, and TNF-/3 (Table 4), and cytokine secre- 
tion was confirmed, except for TNF-/3 (IL-1/3, 13-18 pg/ml; IFN-7, 
0.6-34 IU/ml; TNF-ot, 3.2-56 pg/ml). TNF-/3 was not detected in any 
of three supernatants. Cultured TILs in both CD4 + and CD8 + domi- 
nant groups secreted about the same levels of each cytokine. 

Sera of seven patients in the TIL group were assayed for IL-1/3, 
IL-2, IFN-?, TNF-c~, and TNF-/3. IL-113, IFN-?, TNF-ot, and TNF-/3 

were not detected either before or after infusion of TILs. An elevated 
level of IL-2 (maximum, 127 pg/ml) was noticed transiently in the 
sera of patients 1 and 2 from 1 to 14 days after TIL treatment (Fig. 5). 

DISCUSSION 

Several difficulties still remain to be resolved in adoptive transfer of 
TILs, concerning the identification of effective subpopulations that 
mediate lysis of tumor cells and their correlation with clinical effects 
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Fig. 4. Cytolytic activity against K562 cells of peripheral blood lymphocytes from 
patients of the TIL group (0) and the control group ((3). Each line represents the lytic 
activity of peripheral blood lymphocytes from one individual. 

Table 4 Secretion of lL-1, IFN-7, TNF-ot, and TNF-[3 by cultured TILs 
TILs at 1 x 10 6 cells/ml were cultured in complete medium plus 100 IU/ml IL-2. Then 

48-h supernatants were collected and tested in duplicate by enzyme-linked immunosorbent 
assay. The minimum detectable level of cytokines was as follows: IL-1, 12 pg/ml; IFN-7, 
0.03 IU/ml; TNF-ct, 7.5 pg/ml; TNF-/3, 20 pg/ml. 

Supernatant level 

IL-1 IFN- 7 TNF-ot TNF-/3 
Patient no. (pg/ml) (IU/ml) (pg/ml) (pg/ml) 

1 14 0.6 3.2 0 
2 13 1.5 24 0 
3 17 21 21 0 
4 ND a ND 56 ND 
5 ND ND 42 ND 
6 13 34 ND ND 
7 18 15 ND ND 

a ND, not done. 

and specificity in tumor cell recognition and lysis (26); the immune 
responses of patients treated with exogenous or cultured autologous 
lymphocytes are poorly understood. 

In past clinical trials, tumor regression was assumed to reflect direct 
tumor lysis mediated by infused TILs. However, it is still possible that 
the infused TILs may enhance the cellular immunity of patients and 
contribute to the antitumor response as a result. High dose and con- 
tinuous infusions of IL-2 alone or combined with infusion of lym- 
phokine-activated killer cells have been reported to induce immuno- 
modulation (27-29), but little is known about mediation by the 
infusion of TILs. 

In the human model, TILs consist mainly of CD3+CD4 § cells or 
CD3+CD8 + cells, or mixtures of both, while substantial numbers of 
CD56 § or CD16 + TILs are also present in some cases (17, 18, 30). In 
addition, Barth et al. (13) reported that nonlytic TILs that are able to 
secrete cytokines such as IFN-7 in contact with autologous tumor cells 
mediate tumor regression of lung micrometastasis. They also stated 
that the administration of antibodies to IFN- 7 or tumor necrosis factor 
eliminates some of the therapeutic functions of TILs, which display 
autologous tumor-specific cytotoxicity and produce IFN-7, while non- 
cytolytic TILs do not. These findings suggest the effectiveness of 

cytokines for tumor regression. It is interesting to note that in our 
experiments comparable amounts of IL-1/3, IFN-7, and TNF-o~ were 
detected in the culture medium of TILs, as reported previously (13- 
16). An elevated level of IL-2 was also found in the sera of  two of 
seven patients from 2 to 10 days after the transfusion of cultured TILs. 

These results support the idea that cytokines such as a, /3, and 7 
interferon are potent stimulators of lymphocyte migration into the skin 
and are also major mediators of lymphocyte recruitment in delayed- 
type hypersensitivity reactions (31, 32). 

Enhanced cell-mediated immunity, activated NK activity, and in- 
creased percentages of the CD8+CD16+CD56 + subpopulation were 
observed in both the CD4 + dominant group and the CD8 + dominant 
group. Explanations for the lack of correlation between the phenotype 
of the transfused TILs and immunoactivation of patients might be that 
infused TILs are still mixtures of a variety of cells and that many 
unresolved issues remain regarding the function of CD4 § and CD8 + 
cells and of class I and class II MHC-restricted cells. Additionally, no 
correlataion was observed between the NK cell-like cytotoxicity of 
infused TILs and that of peripheral blood lymphocytes. 

Significant increases in CD3 § and CD56 + lymphocytes were pre- 
viously documented only in patients treated with both high doses of 
IL-2 and TILs, and not in patients treated with TILs alone (30), in 
contrast to our present study. However, it is difficult to compare our 
results with others because of differences in the histology of the 
tumors, methods of TIL administration, variations in TIL activation 
and growth such as CD3 antibody activation (33), and the usage of 
cryopreservation (34). 

In the present study immunomodulation, especially the activation of 
cellular immunity, was clearly observed in TIL-treated patients. More- 
over, the enhanced NK activity was seen in peripheral blood lympho- 
cytes of TIL-treated patients, although infused TILs did not show high 
NK activity. The mechanism of immunoactivation is obscure; whether 
cytokines secreted from infused TILs activate immune response cells 
or whether a heterofore unsuspected immune reaction is triggered by 
infused TILs is presently unknown. Nevertheless, an increasing num- 
ber of cytokines and immunomodulaters have been found to activate 
the cellular immunity of patients and to enhance the cytolytic activity 
of cultured TILs. The prospect of immunomodulaters manipulated in 
some way to up-regulate immune status in combination with adoptive 
transfer of TILs offers an attractive model for further investigation. 

In an attempt to kill all of the tumor cells, we treated patients with 
adoptive transfer of cryopreserved TILs after cisplatin-containing che- 
motherapy. The status of the 12 patients with adoptive transfer of TILs 
was observed for 22-33 months. At present, in all of the 11 patients 
who did not show any detectable lesion before adoptive transfer of 
TILs, no lesion has yet been detected by CT scan, although in one case 
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Fig. 5. IL-2 levels in sera of patients treated with adoptive transfer of cultured TILs 
after chemotherapy. Patients' serum samples were tested in duplicate by enzyme-linked 
immunosorbent assay. 
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IMMUNOMODULAT1ON BY ADOPTIVE TRANSFER OF T[LS 

the se rum level  o f  CA125 ,  a tumor  marker ,  has s l ight ly  increased.  One  

pat ient  wi th  a les ion de tec ted  by  C T  scan before  T I L  t r ea tment  is alive, 

her  p e r f o r m a n c e  status is 0, and  size o f  the les ion is unchanged ,  wi th  

s l ight ly  increased  se rum levels  o f  CA125 .  Wi th  a m e d i a n  fo l low-up  

t ime  o f  26.5 m o n t h s  (range,  2 2 - 3 3  months ) ,  the 2-year  survival  rate 

for  the T I L  group  is 100% by  the K a p l a n - M e i e r  me thod ,  whe reas  it 

has been  repor ted  that  the 2-year  survival  rate for  pat ients  wi th  pro- 

gress ive  c o m m o n  epi thel ial  ovar ian  cancer  is 4 7 - 6 3 %  (34-36) .  There-  

fore,  the pro tocol  o f  this s tudy  m a y  be ef fec t ive  to improve  survival  

rate. Wi th  regard  to the c l inical  use fu lness  o f  the t rea tment ,  it s eems  

too ear ly  to eva lua te  the therapeut ic  effect ,  because  the per iod  of  

observa t ion  was  not  long  e n o u g h  (only  2 2 - 3 3  m o n t h s  af ter  the pri- 

m a r y  operat ion) .  Fur ther  long i tud ina l  s tudy  is needed  wi th  long- te rm 

surv iv ing  pat ients .  
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