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Background
ACT with autologous TIL has shown great promise
against metastatic melanoma, with response rates of up
to 50–70 % and complete responses of up to 20 % [1–3].
In patients with melanoma, 95 % of the complete
responders demonstrated a durable response for at least
5 years [1]. While the anti-tumor effect of ACT appears
to be primarily mediated by CD8+ effector T cells [3–5],
CD4+ T cells can also mediate tumor regression and
may play a critical role in maintaining long-term im-
munity and cure of patients [6, 7]. T cells used for ACT
are expanded from patients’ autologous tumors by
in vitro culture with high-dose interleukin 2. Cultured
TIL that recognize autologous tumor and secrete γ-
interferon are considered autologous tumor-reactive.
These cells are then cultured using a rapid expansion
protocol (REP) and adoptively transferred into patients
[5, 8–14]. A major limitation of adoptive T cell therapy
is the inability to generate or expand tumor-reactive
lymphocytes from many tumors. Autologous tumor-
reactive T cells can be produced from 50 to 75 % of mel-
anoma specimens, but success rates are much lower for
other cancers (0–20 % for renal, breast and colon cancers)
[15]. Identifying the reasons for failure of TIL isolation
and expansion is important if we are to make ACT
available to more patients with melanoma and other
tumor types. Additionally, recent reports suggest that the
response to checkpoint blockade agents such as anti-PD-1
and anti-PD-L1 is limited to patients with pre-existing im-
mune responses [16, 17]. Since the isolation of autologous
tumor-reactive TIL is potentially the best indicator that a
T cell response against a patient’s tumor cells exists, we
hypothesize that a pretreatment immunohistochemical
assessment that can predict the ability to generate autolo-
gous tumor-reactive T cells may also serve as a biomarker
to predict response to checkpoint blockade or other
immunotherapies.
Quantitative immunohistochemistry has been useful

for predicting response rates, treatment selection and
determining prognosis in many types of cancer [17, 18].
This is especially notable in colon cancer, where the type
and amount of tumor-infiltrating lymphocytes is highly
predictive of prognosis [19, 20]. Similar reports have
been made in melanoma, in which patients with high
CD8+ T cells are associated with better prognosis [21–23].
Recently, multiplex immunohistochemistry (IHC) has
emerged as an important tool for the analysis of the
tumor microenvironment. Compared to traditional sin-
gle color IHC methods, multiplex IHC methods are
more efficient and contain richer information sets for
both diagnostic and mechanistic studies [24, 25]. We
utilized a multispectral quantitative fluorescent immu-
nohistochemistry method, which allows simultaneous
detection of 7 markers, to explore potential suppressive
mechanisms in the tumor microenvironment that may
prevent the generation of autologous tumor-reactive
TIL. The results not only demonstrate for the first time
the feasibility of this method in analyzing clinical tumor
specimens, but also provide insight into possible rea-
sons for the failure to isolate or expand autologous
tumor-reactive TIL from patients with melanoma.

Results
Patients
Between 2001 and 2009, melanoma samples from 39
patients with melanoma enrolled in a cancer immuno-
therapy research study approved by the Providence
Portland Medical Center’s (PPMC) Institutional Review
Board, were used to generate TIL. Signed informed
consent was obtained from all patients. Tumor specimen
from 3 patients were excluded from our study, 2 of them
are contaminated due to the site from which they were
resected, and 1 was not able to be tested for tumor-
reactivity because autologous tumor was unavailable.
Surgical specimens for immunohistochemistry studies
were obtained from the PPMC Pathology Department.
Formalin-fixed-paraffin-embedded (FFPE) specimens
and frozen section controls frozen section controls
(FSC) samples from the same date were retrieved from
Pathology for a subset of the patients whose tumors
were resected at PPMC. FSC samples were prepared by
thawing the frozen samples in OCT medium, fixing in
10 % formalin, and subsequently processed and embedded
at PPMC pathology. In some cases, these reprocessed
cryopreserved tumors were not useful for multispectral
imaging and were excluded from our multispectral
studies. Patient demographics are shown in Table 1. The
median age was 56, with a range between 23 and 79; 65 %
of the patients were male.

Comparison of methods to isolate and culture
tumor-infiltrating lymphocytes
The recent regulatory concerns regarding the source of
enzymes used for enzymatic digestion of tumors may
have led to an increased reliance on fragment cultures of
tumor samples at cancer centers investigating TIL ther-
apy. Fragment culture methods are faster and more cost
effective and studies have reviewed the efficiency of frag-
ment culture and enzymatic digest on different tumors
[13]. However we are unaware of any head-to-head
comparison of TIL generation from fragments and
enzymatic digests of the same tumor. In this report, we
compared the efficiency of fragment culture and enzym-
atic digestion in the generation of autologous tumor-
reactive TIL cultures in 13 patients. A summary of
results from this comparison is shown in Fig. 1. To
generate TIL a minimum of 12 wells of a 24 well culture
plate were initiated; 6 wells contained enzymatically
ht.









Fig. 3 CD3 and CD8 are insufficient in predicting ability to generate TILs. Top: Pseudocolor H&E image of two example patients with similar CD3+ and
CD8+ T cell infiltrate. Bottom:a-b) Quantification of the total percent of CD3+ and CD8+ T cells. Red colored dots indicated tumor sample that grew
TIL but did not react to autologous tumor

Fig. 4 CD8 to FoxP3 ratio is predictive of ability to culture autologous TILs.a-b FoxP3 alone and CD8:FoxP3 ratio.c-d) PD-L1 alone and CD8:PD-L1
ratio.e-f) CD163 alone and CD8:CD163 ratio. Statistics are done with unpaired nonparametricTtest (Mann–Whitney Ranked Comparison). Significance
is established at P < 0.05. Red colored dots indicated tumor sample that grew TIL but did not react to autologous tumor
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