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Abstract
Background  Immunotherapy has become a powerful treatment option for several solid tumor types. The presence of tumor-
infiltrating lymphocytes (TIL) is correlated with better prognosis in ovarian cancer, pointing at the possibility to benefit 
from harnessing their anti-tumor activity. This preclinical study explores the feasibility of adoptive cell therapy (ACT) with 
TIL using an improved culture method.
Methods  TIL from high-grade serous ovarian cancer were cultured using a combination of IL-2 with agonistic antibodies 
targeting 4-1BB and CD3. The cells were phenotyped using flow cytometry in the fresh tissue and after expansion. Tumor 
reactivity was assessed against HLA-matched ovarian cancer cell lines via IFN-γ ELISPOT.
Results  Ovarian cancer is highly infiltrated with CD8+ TIL that are preferentially and robustly expanded with the addition 
of the agonistic antibodies. With a 95% success rate, the TIL are grown to ≥ 100 × 106 cells in 2–3 weeks without over dif-
ferentiation. In addition, the CD8+ TIL grown with this method showed HLA-restricted tumor recognition.
Conclusions  These results indicate the viability of TIL ACT for refractory ovarian cancer by allowing for the large expansion 
of anti-tumor TIL in a short time and consistent manner.
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Abbreviations
BTLA	� B- and T-lymphocyte attenuator
OvCa	� Epithelial ovarian cancer
MDACC​	� MD Anderson Cancer Center
ORR	� Overall response rate

TIL-CM	� Tumor-infiltrating lymphocyte complete 
medium

TRM	� Tissue-resident memory T cell

Introduction

Epithelial ovarian cancer (OvCa) is the deadliest gyneco-
logical cancer and is estimated to account for almost 14,000 
deaths in 2018 [1]. Although prognosis of early-stage OvCa 
is favorable, 70% of patients are diagnosed with advanced 
and metastatic disease [2]. Traditional management of 
advanced stage OvCa includes tumor reductive surgery and 
adjuvant platinum–taxane chemotherapy, which results in 
high rates of initial complete response. However, nearly 90% 
of patients recur and the 5-year survival rate for late-stage 
disease is only 28% [3, 4].

Nevertheless, OvCa possesses a strong immune infil-
trate that could provide an avenue to greater treatment 
efficacy and better long-term survival in the context of 
immunotherapy. Several groups have shown that the pres-
ence of CD8+ TIL is associated with a greater 5-year 
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survival in OvCa, suggesting that CD8+ TIL exert some 
degree of tumor control [5–11]. This provides a rationale 
for the use of immunotherapy to harness the anti-tumor 
potential of this immune infiltrate. Checkpoint blockade 
immunotherapy has already made a tremendous mark in 
the treatment of cancer. Its success was first observed in 
the treatment of metastatic melanoma with agents that 
block the CTLA-4 and PD-1 axes [12–16]. This approach 
was later transposed to non-small cell lung cancer and 
renal cell carcinoma [17–19]. Unfortunately, the success 
of checkpoint blockade has not been reproduced in OvCa 
to date [20–22].

Since in vivo manipulation of the TIL through checkpoint 
blockade does not seem to be sufficient to generate a strong 
clinical response, approaches involving ex vivo manipulation 
of immune cells, such as adoptive cell therapy (ACT) using 
autologous TIL, might be able to provide a large quantity 
of anti-tumor T cells needed for tumor control. Our group 
and others have demonstrated the effectiveness of TIL ACT 
in metastatic melanoma [23–26]. With objective response 
rates (ORR) of 40–50% in metastatic melanoma, TIL ACT 
is among the best treatment options for this patient popula-
tion. In the 1990s, several groups attempted to transpose TIL 
ACT to OvCa either alone or in combination with chemo-
therapy, or in the adjuvant setting after debulking surgery 
[27–31]. These early trials had some promising results but 
suffered from a few limitations. Later studies demonstrated 
the need for lymphodepleting pre-conditioning regimens 
for long-term TIL engraftment and improved cell genera-
tion methodologies that resulted in the infusion of patients 
with greater cell numbers [32]. Furthermore, improvements 
in techniques for TIL enrichment and activation, mainly 
for CD8+ TIL as they have been correlated with clinical 
response in melanoma, may increase favorable clinical out-
comes in OvCa TIL trials [25, 26].

Our group showed that manipulating 4-1BB/CD137 
through agonistic stimulation (Urelumab, BMS) increased 
CD8+ TIL proliferation in melanoma, triple-negative breast 
cancer and pancreatic cancer [33–35]. Likewise, our group 
further showed that the addition of an anti-CD3 antibody 
(OKT3) to the early TIL culture resulted in faster and more 
consistent expansion of CD8+ melanoma TIL [36]. Based 
on this previous work, we posited that the use of this novel 
3-signal approach in OvCa TIL culture would provide simi-
lar benefits of increased CD8+ TIL yield.

Here, we demonstrate that the addition of an agonistic 
4-1BB mAb and OKT3 increases the ability to grow TIL 
from OvCa, improves the total yield, and stimulates the 
proliferation of activated CD8+ T cells. In addition, these 
CD8+ TIL displayed HLA-restricted tumor recognition. 
These results support the use of TIL expanded with ago-
nistic 4-1BB and CD3 mAbs in ACT strategies for patients 
with OvCa.

Materials and methods

Patient selection

Patients with primary or metastatic high-grade serous 
ovarian carcinoma underwent surgical resection (n = 98, 
84 evaluable for flow cytometry assays). In 47 patients, 
platinum-based chemotherapy and/or chemoradiation was 
administered. Patients are referred to by their de-identified 
number.

Reagents and cell lines

A fully human and purified IgG4 monoclonal antibody 
(mAb) against human CD137/4-1BB, Urelumab (BMS-
663513), was kindly provided by Bristol-Myers Squibb 
(BMS, New York, NY, USA). Human recombinant inter-
leukin-2 (IL-2) (Proleukin™) was generously provided by 
Prometheus Therapeutics & Diagnostics (San Diego, CA, 
USA). The GMP-grade soluble anti-CD3 mAb (Mouse 
IgG2a, clone OKT3) was purchased from Miltenyi Biotec 
(Bergisch Gladbach, Germany). The HLA-ABC monoclo-
nal antibody (clone W6/32) and its isotype control (Mouse 
IgG2a κ, clone eBM2a) were purchased from ThermoFisher 
(Waltham, MA). The human epithelial ovarian cancer cell 
lines COV318, COV362, and SKOV3 were used for the rec-
ognition ELISPOT assays.

Isolation and expansion of TIL from human OvCa 
tumors

The tumor samples were cut into six 1–3 mm3 fragments 
and placed in TIL complete medium [TIL-CM: RPMI-
1640 with GlutaMax (Gibco/Invitrogen), 1 × Pen–Strep 
(Gibco/Invitrogen), 50 μmol/L 2-mercaptoethanol (Gibco/
Invitrogen), 20 μg/mL Gentamicin (Gibco/Invitrogen), and 
1 mmol/L pyruvate (Gibco/Invitrogen)] with 6000 IU/mL 
IL-2 in 24-well plates for a period of 4–5 weeks, as pre-
viously described [37]. For the 4-1BB mAb (a41BB) con-
dition, both 6000 IU/mL IL-2 and 10 ug/mL 4-1BB mAb 
were added in the culture plates on day 0 and day 4 or 5. 
For the a41BB + OKT3 condition, five tumor fragments 
were put in a G-Rex 10 flask (Wilson Wolf Manufactur-
ing, New Brighton, MN, USA) in 20 mL TIL-CM with 
6000 IU/mL IL-2, 10 μg/mL 4-1BB mAb, and 30 ng/mL 
anti-CD3 (OKT3) as previously described [36]. Four to 
five days after culture initiation, 20 mL of additional TIL-
CM with 6000 IU/mL IL-2 was added. Half-media changes 
were done every 3–4 days with fresh TIL-CM containing 
6000 IU/mL IL-2 for up to 35 days or until the cells formed 
a thick layer completely covering the bottom of the flask. 
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The cell suspensions were collected and cryopreserved for 
later testing.

Flow cytometric analysis of TIL

Fresh tumor samples were manually disaggregated between 
frosted-glass slides to obtain a single-cell suspension 
for analysis. Both the disaggregated tissue samples and 
expanded TIL were stained on ice in FACS Wash Buffer 
(Dulbecco’s Phosphate Buffered Saline 1× with 1% Bovine 
Serum Albumin) for 30 min with fluorochrome-conjugated 
monoclonal antibodies for CD3 FITC (SK7), CD4 PerCP-
Cy5.5 (RPA-T4), CD8 PB (RPA-T8), CD16 PE (B159), 
CD28 PE-Cy7 (CD28.2), CD56 PE-Cy7 (B159), TCR γδ 
APC (B1), BTLA PE (J168 & J168-540), PD-1 BV650 
(EH12), HLA-ABC PE (G46-2.6) (all BD Bioscience, San 
Jose, CA, USA), and PD-1 PerCP-Cy5.5 (EH12.2H7) (Bio-
legend, San Diego, CA, USA). Dead cells were excluded 
using the Aqua or Yellow LIVE/DEAD viability stain (Ther-
moFisher). Stained cells were fixed in 1% paraformaldehyde 
solution for 20 min at room temperature. Samples were 
acquired using the BD FACSCanto™ II or BD LSRFortessa 
X-20 and analyzed using FlowJo Software v10.5 (Tree Star). 
Subpopulations were excluded from analysis if comprised 
of less than 100 events.

Cell sorting and rapid expansion of CD8+ OvCa TIL

To control for reactivity of CD8+ TIL, bulk TIL products 
from eight different patients were stained with CD3 FITC, 
CD8 APC-H7, and SYTOX Blue Dead Cell Stain to isolate 
the CD8+ T cells using a BD FACSAria IIIu in the MD 
Anderson Cancer Center (MDACC) Flow Cytometry and 
Cellular Imaging Core Facility. Then, to provide greater cell 
numbers for functional assays, the sorted CD8+ TIL under-
went the rapid expansion protocol in G-Rex10 flasks, which 
was previously described by Forget et al, and then viably 
frozen [37].

Recognition assay via IFN‑γ ELISPOT

One day prior to the assay, the TIL were thawed and rested 
overnight in TIL-CM with 6000 IU/mL IL-2. Six hours prior 
to the assay, TIL were washed and rested in TIL-CM with-
out IL-2. The tumor lines were put at 1 × 106 cells/mL and 
incubated with 80 μg/mL of the HLA-ABC blocking anti-
body or 80 μg/mL of its isotype control for 3 h in 15 mL 
conical tubes at 37 °C. The tumor cells were then added 
directly to the ELISPOT plate. TIL were then put at a 2:1 
or 4:1 ratio with an HLA-matched OvCa cell line (either 
SKOV3, COV318, or COV362) in the presence of an HLA-
ABC blocking antibody, its isotype control, PMA/Ionomy-
cin, or media (TIL alone). The conditions were performed 

in triplicate and the cells were co-cultured for 15 h before 
developing as previously described [34]. Spots on ELISPOT 
plates were counted with the ImmunoSpot machine (Cellular 
Technology Ltd., Shaker Heights, OH, USA).

Statistical analysis

GraphPad Prism v7.01 (GraphPad Software) was used for 
graphing and statistical analysis. Differences between groups 
or experimental conditions were determined using non-para-
metric, two-tailed t tests (paired or unpaired as appropriate).

Results

Primary and metastatic OvCa TIL infiltrate 
is predominantly CD8+ T cell rich

We assessed the lymphoid immune infiltrate at the onset of 
the culture by performing flow cytometry on manually dis-
aggregated primary and metastatic tumor samples (n = 84). 
The proportion of CD3+ TIL among live cells recovered 
varied widely among samples (median 3%, range 0.1–20%) 
(Fig. 1a). Infiltration by NK cells was overall less (median 
1% range 0.1–35%) (Fig. 1a). However, CD3+ TIL were a 
significantly greater portion of the infiltrate than NK cells 
in most cases (p < 0.0001).

Because TIL ACT for OvCa would most likely target 
patients who progressed on standard of care and thus would 
be administered to chemo-refractory patients likely to be 
metastatic, we investigated the contribution of those param-
eters on the T cell infiltration. When patients were strati-
fied by chemotherapy exposure and surgery site, metastatic 
tumors were found to have more CD3+ TIL than primary 
tumors (median 4% vs. 1.5%, p = 0.029) as a component of 
live cells (Fig. 1b). No significant difference in the propor-
tion of CD3+ TIL was found between pre-chemotherapy and 
post-chemotherapy samples (Fig. 1c).

Within the CD3+ TIL compartment, the mean CD8:CD4 
ratio was 1.5 demonstrating that OvCa is predominately 
infiltrated by CD8+ TIL (Fig. 1d). No difference in the 
CD8:CD4 ratio was found in the context of primary/metas-
tasis and pre/post-chemotherapy (Fig. 1e, f). As a point of 
comparison, both the CD3+ TIL infiltration and CD8:CD4 
ratio were found to be similar to what our group has previ-
ously reported in metastatic melanoma [35], suggesting that 
OvCa tumors are relatively well infiltrated by T cells.

Use of agonistic 4‑1BB mAb and anti‑CD3 increases 
TIL growth and success rate

Prior work by our group detailed how infusion of melanoma 
patients with a higher proportion of CD8+ T cells and larger 
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amount of TIL in general correlates with clinical response 
[25, 26]. We reasoned that CD8+ TIL could also be impor-
tant in other solid tumor types as their presence correlates 
with improved survival. Thus, we next tested the two new 
methodologies developed by our group which aimed at 
facilitating the expansion of CD8+ TIL from ovarian cancer 
tissue.

Fresh tumor samples were set up for TIL culture using 
the different expansion methods. The first method com-
pared IL-2 only versus IL-2 plus an agonistic 4-1BB mAb 
(a41BB). The use of a41BB significantly increased the aver-
age total CD3+ TIL growth from 30x106 cells for IL-2 alone 
to 50 × 106 for IL-2 + a41BB (Fig. 2a). Additionally, a41BB 
greatly increased the average percentage of CD8+ TIL in 
culture from 30% for IL-2 alone to 65% for IL-2 + a41BB 
(Fig. 2b). A corresponding decrease in the average per-
centage of CD4+ TIL from the IL-2 only condition to the 
IL-2 + a41BB condition was also observed (Supplementary 
Fig. 1). The mean CD4+ percentage dropped from 50% to 
5% (Supplementary Fig. 1a) and the median CD8-to-CD4 
ratio increased from 0.4 to 60, respectively (Supplementary 
Fig. 1b).

However, since NK cells can also express 4-1BB, the 
addition of the a41BB mAb increased their growth as 

well from 15% to 40% of the expanded culture on average 
(Fig. 2c). To avoid expansion of NK cells, a 3rd culture 
strategy using an agonistic stimulation of CD3 with an anti-
CD3 mAb (OKT3) was implemented. Similar to previous 
work for metastatic melanoma TIL expansion, this strategy 
(named TIL 3.0) led to a high percentage of CD8+ TIL (80% 
average, Fig. 2b) with a low percentage of CD4+ TIL (10% 
average, Supplementary Fig. 1), and NK cells (5% average, 
Fig. 2c) [36]. Protocol-induced changes in CD4+ Tregs were 
not assessed due to prior observations that high-dose IL-2 
does not allow Treg growth and abrogates their function [33, 
38]. To show the benefit of a41BB, a subset of ten samples 
was cultured with IL-2 + OKT3 (no a41BB) and compared 
with TIL 3.0 (Supplementary Fig. 2). Without a41BB, the 
total number of CD3+ TIL and the percentage of that which 
were CD8+ TIL were both diminished (Supplementary 
Fig. 2a). NK cells remained low.

TIL 3.0 also produced a greater number of OvCa TIL 
(mean of 200 × 106 cells) after a period of 2–3 weeks, as 
opposed to the 3–5 weeks required for the other two meth-
ods (Fig. 2a, d). The consistent reduction in culture time 
was lost when IL-2 + OKT3 without a41BB was used and 
the yield of TIL was inferior (Supplementary Fig. 2b). 
The time of expansion did not appear to depend on 

Fig. 1   Characterization of lymphocyte infiltrate in primary/meta-
static and pre/post-chemo OvCa samples. a T cell (CD3+) and NK 
cell (CD3−CD56+) infiltration is compared within the live lympho-
cyte population using flow cytometry, with the horizontal bar repre-
senting the median value of each population (n = 84). T cell (CD3+) 
infiltration is compared between b primary and metastatic sites, and 
c pre- and post-chemo samples, with the horizontal bars indicating 
the median value (n = 84). d The ratio of CD8+ to CD4+ % T cells 

within the CD3+ compartment is displayed. The dotted line indi-
cates where a ratio of 1 is in relation to the average ratio which is 
represented by the solid horizontal line (n = 72). The CD8/CD4 ratio 
is compared between e primary and metastatic sites and f pre- and 
post-chemo samples, with the horizontal bars indicating the median 
value (n = 72). Samples that had less than 100 cells within the CD8 
and CD4 gates were excluded from analysis
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chemotherapy exposure (Supplementary Fig. 3a), although 
CD3+ TIL from post-chemotherapy samples grew slightly, 
but significantly, less (225 × 106 vs. 200 × 106, p = 0.028) 
using TIL 3.0 (Supplementary Fig. 3b). Regardless, all 
TIL 3.0 cultures produced markedly more TIL than IL-2 
only or IL-2 + a41BB.

The overall success rate of establishing an OvCa TIL cul-
ture was greatly increased from 41% (22/54) for IL-2 only 
and 76% (42/55) for IL-2 + a41BB to 95% (41/43) for the 
IL-2 + OKT3 + a41BB method (Fig. 2e). The benchmark 
for a successful TIL culture, 12 × 106 total cells, was estab-
lished from scaling down the MDACC Clinical Melanoma 
TIL Lab’s criterion for success where 20 fragments are set 
up for TIL expansion and 40 × 106 cells is considered the 
minimum to treat a patient [35]. Chemotherapy exposure 
only affected the success rate of expansion for the IL-2 only 
condition, with the success being 45% (13/29) pre-chemo-
therapy and 36% (9/25) post-chemotherapy (Supplementary 
Fig. 3c). This discrepancy was negated for the IL-2 + a41BB 
and TIL 3.0 methods.

We assessed if the presence of TIL in the fresh sample 
affected the success of growth (Supplementary Fig. 4). 
When comparing the percentage of CD3+ TIL in the fresh 
sample vs the number grown, there was a strong correla-
tion (rS > 0.5) for the IL-2 only culture method where 
more CD3+ TIL grew if there were a higher percentage 
of CD3+ TIL present in the initial tumor tissue (Supple-
mentary Fig. 4a). Moreover, it was apparent that cultures 
with less than 2% CD3+ TIL in the initial tumor tissue 
cultured with IL-2 alone did not grow, but cultures initi-
ated with as little as 0.2% CD3+ T cell infiltrate could 
yield appreciable number of TIL when cultured with 
IL-2 + OKT3 + a41BB. However, while the IL-2 + a41BB 
and TIL 3.0 culture conditions did not show as strong of 
a correlation with T cell infiltration (rS < 0.5), the overall 
trend was the same as indicated by the positive slopes of 
the linear regression lines (Supplementary Fig. 4a). There 
was no strong correlation with respect to the CD8+/CD4+ 
ratio of fresh TIL and the amount of CD8+ TIL generated, 
particularly for the IL-2 only condition due to the lack 

Fig. 2   Characterization of TIL growth across culture conditions. 
Comparison of the a total CD3+ TIL number, b percentage of 
CD3+CD8+ TIL, and c percentage of NK cells generated between the 
different culture methods. Samples in IL-2 and IL-2 + a41BB condi-
tions are paired (n = 30) while samples in IL-2 + OKT3 + a41BB are 
unpaired (n = 36). For a–c, only samples that grew are shown. Some 

samples are not shown due to dropout after QC. The horizontal bars 
indicate the mean value and SD are shown for each population. Com-
parison between culture methods of the d time of culture and e suc-
cess rate of growth for all attempted cultures. In e, IL-2 + a41BB 
has 55 samples because one sample was set up without an IL-2 only 
counterpart culture
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of CD8+ TIL generated by this method (Supplementary 
Fig. 4b). Overall, there was a positive trend toward grow-
ing more CD8+ TIL if there was a higher CD8+/CD4+ 
ratio initially as indicated by the slopes of the regression 
line for IL-2 + a41BB and IL-2 + OKT3 + a41BB.

Concurrent engagement of 4‑1BB and CD3 prevents 
CD8+ TIL over differentiation

To understand how the different culture methods affected 
the CD8+ TIL, the expression of CD28, BTLA, and PD-1 
was explored as surrogates for T cell activation and dif-
ferentiation (Fig. 3). These three markers were strategi-
cally selected for the power of assessment they provide 
individually as well as together. BTLA+CD8+ TIL have 
been reported by our group to be less differentiated 
cells, capable of prolonged persistence and serial killer 
capacities [39, 40]. Expression of CD28 is also a trait 
of lesser differentiation, while PD1 is often associated 
with exhaustion when highly expressed [41, 42]. When 
looking at expression of the three markers on OvCa TIL 
expanded with IL-2 only and IL-2 + a41BB, no signifi-
cant difference was observed between both groups. None-
theless, both showed a spread in CD28 and PD1 expres-
sion (Fig. 3, left and right graph) with a low expression 
of BTLA (Fig. 3, middle graph). However, TIL products 
grown with the TIL 3.0 method had significantly greater 
percentage of TIL expressing BTLA and CD28, and a sig-
nificantly smaller percentage expressing PD-1 altogether 
suggesting a less differentiated profile (Fig. 3).

OvCa CD8+ TIL show HLA‑matched tumor reactivity

In order for TIL ACT to be an effective therapy, the TIL 
generation process needs to expand anti-tumor T cells. Since 
the three different growth methods used could potentially 
change the expanded TIL repertoire, tumor reactivity was 
used as a marker to validate preservation of tumor-reactive 
TIL clones. Since our main focus is reactivity of cytotoxic 
CD8+ T cells, each TIL line was sorted for CD8+ TIL and 
further expanded using the rapid expansion protocol to 
achieve sufficient cell numbers. Eight TIL lines were chosen 
to assess HLA-matched tumor reactivity that were represent-
ative of the different culture methods, primary or metastatic 
site, and prior chemotherapy exposure, which is summarized 
in Supplementary Table 1.

For the first set of four lines, reactivity was assessed 
comparing initial growth with IL-2 only or IL-2 + a41BB 
(Fig. 4a). The second set of four lines had reactivity com-
pared between those expanded with IL-2 + a41BB or with 
TIL 3.0 (Fig. 4b). Prior to co-culture setup, all tumor lines 
were found to express robust levels of HLA class I by flow 
cytometry (SKOV3, MFI: 2962; COV318, MFI: 5343; 
COV362, MFI: 2182; Supplementary Fig. 5). As shown 
in Fig. 4a, upon co-culture of the CD8+ TIL with tumor 
targets, 2/4 of the first set (15-094 and 16-025B) demon-
strated HLA-restricted anti-tumor reactivity via secretion 
of IFN-γ. The reactivity was split between one line grown 
with IL-2 + a41BB (15-094) and one with IL-2 only (16-
025B). Likewise, in Fig. 4b, 3/4 of the second set of TIL 
lines were reactive against their HLA-matched target. One 
TIL line (18-121) even recognized two different tumor lines. 
Two TIL lines in this group (17-309 and 18-121) showed 

Fig. 3   Phenotyping of activation and differentiation of grown TIL. 
Comparison between the different culture methods of the percentage 
of CD28, BTLA, and PD-1 expressing CD8+ TIL generated. Sam-
ples in IL-2 and IL-2 + a41BB conditions are paired (n = 28) while 

samples in IL-2 + OKT3 + a41BB are unpaired (n = 25). Samples not 
passing QC were excluded from the analysis. The horizontal bars 
indicate that the mean value and SD are shown for each population
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reactivity regardless of culture method while one showed 
reactivity only from TIL grown with IL-2 + a41BB (17-378). 
Overall, TIL recognition of HLA-matched tumor targets was 
observed across the multiple expansion platforms.

Discussion

In this report, we show that OvCa has a robust and acti-
vated CD8+ TIL infiltrate that is not significantly impacted 
by surgery site or resistance to chemotherapy. This infiltrate 
is greatly expanded with the addition of an agonistic 4-1BB 
mAb to the TIL culture. Furthermore, specific growth of 
CD3+CD8+ TIL is augmented by adding the anti-CD3 Ab 
OKT3. The 4-1BB mAb alone and together with OKT3 con-
sistently improved the success rate of reaching a clinically 
relevant number of TIL. Finally, OvCa CD8+ TIL derived 

with either culture method showed tumor recognition via 
IFN-γ secretion in response to HLA-matched ovarian can-
cer cell lines. These results suggest that enhanced culture 
method can facilitate TIL ACT for OvCa by increasing the 
yield of a TIL product containing anti-tumor CD8+ T cells 
regardless of primary or metastatic site, and in a chemo-
therapy refractory setting.

It has been noted that one of the drawbacks to the early 
OvCa TIL ACT trials was the prolonged cell culture that 
limited persistence but also produced variable expansion of 
CD8+ TIL. Newer work by Crome et al. revealed another 
mechanism that could have hampered early TIL therapy pilot 
trials [43]. The authors observed a frequent expansion of NK 
cells (CD3−CD56+) within OvCa TIL cultures maintained 
in IL-2, associated with suppression of CD3+ T cell expan-
sion. They documented that slow-growing TIL cultures 
(≤ 30 × 106 cells within 4 weeks) contained a greater number 

Fig. 4   Testing reactivity of CD8+ OvCa TIL via IFN-γ ELISPOT. a 
Comparison of reactivity of TIL grown with either IL-2 only (red) 
or IL-2 + a41BB (blue) for four different lines, with a representative 
ELISPOT image shown. b Comparison of reactivity of TIL grown 
with either IL-2 + a41BB (blue) or IL-2 + OKT3 + a41BB (white) for 
four different lines, with a representative ELISPOT image shown. Bar 

graphs show average of three replicate wells with the SD and average 
spot value for each condition above the bars. Reactivity was consid-
ered positive if the average was ≥ twice the xMHC condition. xMHC 
MHCI block, Iso isotype control for MHCI blocking Ab, TIL only T 
cells with media only, PMA/Iono PMA and Ionomycin for positive 
control, TNTC too numerous to count
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of NK cells than fast-growing cultures (> 30 × 106 cells 
within 4 weeks). This work indicates that a suppressive NK 
cell population could have been problematic for OvCa TIL 
cultures using IL-2 only conditioned media. The improved 
culture method, TIL 3.0, presented here uses 4-1BB and 
CD3 stimulation to selectively and robustly expand CD8+ 
TIL. We noted that the 4-1BB stimulation alone can cause 
extensive NK cell proliferation, to the point of them becom-
ing the predominant cell type, perhaps facilitating their abil-
ity to inhibit T cell growth. This is overcome by the addition 
of OKT3 to specifically trigger T cell expansion in a robust 
and rapid manner. Concurrent engagement of the TCR and 
4-1BB allows the CD8+ TIL to massively proliferate in the 
absence of over differentiation.

Recently, the importance of CD8+ tissue-resident mem-
ory T cells (TRM; typically defined by CD103 expression) in 
ovarian cancer was reported [44]. This TRM subset expressed 
activation and cytolytic markers and was correlated with 
positive prognosis. Being able to expand this TRM subset, or 
at least enrich for it, could allow for greater therapeutic ben-
efit with TIL ACT. Komdeur et al. briefly explored whether 
CD103+ TRM expanded in culture using IL-2 only, finding 
the population was essentially lost after 3 weeks [45]. With-
out TCR sequencing to track T cells over the course of the 
culture process, it is unclear whether the TRM subset sim-
ply does not expand or if it does but loses CD103 expres-
sion ex vivo. While the culture method used in this study 
enriches for CD8+ TIL, in which the TRM subset is located, 
further characterization is needed to determine if this culture 
method can specifically expand this subset [45].

HLA-matched tumor targets were used due to the dif-
ficulty of establishing autologous tumor lines. The lack of 
recognition displayed by some of the TIL lines could be 
explained by the fact that these cells may recognize an autol-
ogous target as opposed to a shared tumor-associated antigen 
(TAA). However, lack of an autologous target would not be 
an issue in the clinical setting as TIL ACT is meant to treat 
patients with autologous TIL. Even so, the fact that TIL 
reactivity was observed in many of the other lines indicates 
that there is recognition of shared TAA. Moreover, some of 
the TIL lines are matched on the same HLA allele as is the 
case for 15-094 & 18-121 (A*02:01) and 16-025B & 18-121 
(B*18:01). This hints at the possibility for multiple patients 
to harbor TIL specific for the same HLA-restricted antigen. 
Identifying the TCR specific for a shared TAA could be an 
attractive therapeutic option due to its broad applicability, 
particularly one restricted to a prevalent HLA allele like 
A*02:01 (15% worldwide, 20–50% in USA, Europe, and 
China) [46].

Several groups have already shown endogenous T cell 
reactivity across OvCa patients to various TAA such as 
mesothelin [47], wild-type or mutated p53 [48–50], NY-
ESO-1 [51], and Her2/neu [52] among others. However, 

therapies targeting a particular TAA, either through pep-
tide vaccine or chimeric antigen receptor T cells, have had 
mixed results due to loss of the target antigen [51] or poor 
persistence [53] for example. Apart from self-antigens, 
finding tumor-specific mutated antigens (neoantigens) 
would provide a highly sought immunotherapeutic target. 
Recent work by Deniger et al. showed the potential of this 
by finding T cells from two OvCa patients that were spe-
cific for the same p53 neoepitope [49]. However, target-
ing neoantigens beyond a prevalently mutated gene like 
TP53 (> 95% of cases) could be challenging due to OvCa 
not having a high mutation burden [54]. An analysis of 
the Cancer Genome Atlas by Martin et al. underlines this 
issue by pointing out that only 12% of cases have a ≥ 90% 
chance of having a naturally presented neoantigen [55]. 
TIL ACT could potentially avoid these issues by providing 
antigen specificity against a broad range of TAA.

In summary, these results indicate that OvCa CD8+ TIL 
can be reproducibly and rapidly expanded to large num-
bers using the combination of an agnostic 4-1BB mAb and 
OKT3 while maintaining their anti-tumor activity in the 
absence of over differentiation. A Phase II clinical trial 
based on this work is currently open at MDACC to evalu-
ate the feasibility of the adoptive transfer of autologous 
tumor-infiltrating lymphocytes in recurrent or refractory 
OvCa (NCT03610490).
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