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Tissue-specific tumour microenvironments are an emerging
determinant of immunotherapy responses
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Introduction

Cancer immunotherapies, which aim to enhance the
anti-tumour immune response, have revolutionised the
treatment of cancer. Various agents, known collectively as
checkpoint blockade therapy, to block interactions of PD-1
and CTLA4 on T cells with their respective ligands, have
been clinically approved in a variety of cancer types (1).
Targeting these proteins removes the inhibitory effect
on T cell function and restores effective anti-tumour
responses (2). The results of checkpoint blockade have
been particularly striking in melanoma and non-small
cell lung cancer (NSCLC), which have achieved objective
response rates of 40-45% (3,4). However, not all cancer
types or patients benefit from these treatments and as such,
patterns of response and resistance to checkpoint blockade
therapies are under intense investigation. The current
understanding is that additional mechanisms and cellular
mediators also play roles in determining the outcome of
checkpoint blockade therapies (5-7). In particular, the
immunosuppressive tumour microenvironment (I'ME) is a
major contributor to checkpoint blockade resistance (8).
During cancer progression, tumour cells manipulate
the surrounding microenvironment to create an
immunosuppressive, pro-tumourigenic niche. In this way
tumours are like a complex organ comprised of various
cell types, each performing certain functions. The key
cellular mediators of the TME include regulatory T cells
(Tregs), tumour associated macrophages (TAMs) and
myeloid derived suppressor cells (MDSCs) (8). These cell
types suppress anti-tumour immune responses via different
mechanisms, including secreting immunosuppressive
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molecules such as IL-10, TGFp, IDO and adenosine, and
compete for resources with anti-tumour effector cells.
Depleting these immunosuppressive cells or targeting
immunosuppressive mediators leads to reduced tumour
growth and enhanced response to checkpoint blockade (8).

Current evidence for tissue-specific TMEs

Further understanding of the immunosuppressive TME
will undoubtedly improve immunotherapeutic outcomes.
An understudied area in determining the composition of the
TME is the anatomical location of tumour growth (9-11).
Multiple murine studies have shown differences in the
protein, RNA, metabolite and cellular composition of
the TME depending on the location of the tumour (9).
As a consequence, the same tumour cell line growing
in different locations in mice results in varied responses
to chemotherapy, anti-angiogenic therapy and
immunotherapies including vaccination, checkpoint
blockade and agonistic antibody regimes (9,12).

Studies of the TME in humans have also revealed tissue-
specific TMEs and demonstrated correlations between
certain metastatic locations and responses to checkpoint
blockade in melanoma, NSCLC, triple negative breast
cancer (TNBC) and urothelial cancer (13-15). For example,
reduced responses to oPD-1 monotherapy and presence
of liver metastases has been reported in patients with
melanoma (13), urothelial cancer (15), TNBC (14) and
NSCLC (13,16). In contrast, other studies have shown
no association of checkpoint blockade response with
the presence of liver metastases (9,13). Secondary lung

7 Thorac Dis 2020;12(8):4504-4509 | http://dx.doi.org/10.21037/jtd.2020.03.64


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2020.03.64

Journal of Thoracic Disease, Vol 12, No 8 August 2020

metastases in NSCLC patients showed reduced response
to oPD-1 in one patient cohort, but not in others (9,13).
The influence of lung metastases in melanoma also differed
between studies with some studies revealing a positive
association and others revealing no association with
checkpoint blockade responsiveness (9,13). However these
results are complicated by the genetic heterogeneity of
the human tumour cells (10) and differences in location,
tumour type and the specific therapy used. Additionally,
these associations are difficult to dissect since metastasis to
specific organs, such as the liver, can be attributed to more
advanced patients and larger tumour burden (16).

A recent study carried out in our laboratory aimed to
enhance the understanding of the tissue-specific TME by
utilising clinically relevant mouse models (Figure 14) (17).
We investigated breast cancer growth in common sites of
metastasis, to extend comparisons of subcutaneous and
orthotopic sites of tumour growth in previous studies (12),
and how tumours growing in these sites influenced response
to immunotherapies. Specifically, we focused on the 67NR
murine breast cancer model, a non-metastatic cell line
derived from the BALB/c syngeneic breast cancer cell line,
4T1, and compared tumours growing in the mammary
fat pad (MFP), and the liver and lungs as common sites of
metastasis. We found that tumours growing orthotopically
in the MFP and in the liver were more responsive to aPD-
1/aCTLA4 and an experimental immunotherapy known
as trimAb (aDR5, a4-1BB and aCD40) than the same
tumour line growing in the lungs. Similar findings were
observed in the Renca kidney murine cancer cell line where
tumours growing subcutaneously were more responsive
than tumours growing in the lungs to trimAb. Consistent
with our findings, Bialkowski ez 4/. revealed that TC-1 lung
tumours growing in the lungs were less responsive to a
vaccine regime than subcutaneous tumours (18).

The difference in therapeutic responses was not due to
inherent differences in the tumour cells. This was evidenced
by assessment of therapy relevant proteins on tumour
cells, such as PD-L1 and DRS, taken from the lung or
MFP, and by reinjecting tumour cells derived from either
site back to the same or opposite location. Additionally,
we found no differences in vascularisation or compound
permeability between lung and MFP tumours. Assessment
of the expression profiles between lung, liver and MFP
tumours revealed distinct immune gene expression profiles
dependent on the tumour location. Thus, we hypothesised
that the difference in immunotherapy responses was due
to distinct differences in the immune TME of tumours
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growing in the lung or MFP.

Indeed, when we interrogated the TME using
multiparameter flow cytometry, gene expression analysis,
immunohistochemistry (IHC) and ex vivo stimulation of T
cells and NK cells, we found that lung tumours had a more
immunosuppressive TME than MFP tumours. Compared
with MFP tumours, lung tumours had a lower percentage
of CD8" T cells and a higher percentage of Ly6C/Ly6G*
myeloid cells, which are markers for MDSCs, within the
total immune infiltrate in these tumours. Furthermore,
the responsive MFP tumours had significantly reduced
infiltration of MDSC post aPD-1/aCTLA4 treatment, a
phenomenon that was not observed in therapy resistant
lung tumours. These observations are similar to the study
that used the TC-1 tumour model, which revealed that
resistant genital tract tumours had higher frequency of
MDSCs that were not decreased by administration of a
therapeutic vaccine (18). In another study using the CT26
model, comparison of the tumours growing at different
locations, revealed that response to aPD-1/aCTLA4 was
associated with increased presence of T cells and decreased
MDSCs (19). Together, these studies highlight that the
TME at different anatomical sites is a determining factor
that influences the response to immunotherapy.

Interestingly, our study indicates that the same immune
cell type can play divergent roles at different locations.
Compared to NK cells isolated from MFP tumours, NK
cells from lung tumours had decreased expression of CD69
and reduced ability to produce IFNy when stimulated
ex vivo. Although NK cells within the lungs were poorly
activated at the timepoints analysed, NK cells still appeared
to play an important role in the anti-tumour immune
response in lung tumours compared to MFP tumours.
We interrogated the contribution of various immune cell
subsets following immunotherapy treatment using depleting
antibodies against CD8, CD4, asialoGM1, F4/80 and
Ly6G or GRI. Depletion of NK cells with anti-asialoGM1
resulted in limited reduction in therapeutic response
of MFP tumours after immunotherapy but completed
abrogated the anti-tumour effect in lung tumours. Across
both tumour locations and therapies, CD8" T cell depletion
resulted in complete reversal of the therapeutic effect.
Therefore, the immune cell subsets responsible for anti-
tumour and therapy responses differed between MFP and
lung tumours. In lung tumours, both NK and CD8" T cells
are the key drivers in response to these immunotherapies,
while in the MFP, NK cells do not play a decisive role.
Consistent with our findings, a study in the B16F10 model
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67NR murine breast tumour model growing in the mammary fat pad (MFP) is more responsive to aPD-1/aCTLA4 and trimAb (aDRS, 04-

1BB, aCD40) therapies than the same tumour line growing in the lungs. (B) Recent clinical studies have indicated tissue-specific response

patterns to checkpoint blockade. Although results are varied and require further investigation, the differences in therapeutic response could

be a result of the tissue-specific tumour microenvironments (TME). The TMEs prior to therapy are represented schematically by different

proportion of infiltrating cell types. A thorough understanding of the tissue-specific patterns to immunotherapy responses will reveal novel

therapeutic targets and provide prognostic value.

also provides evidence of tissue-specificity in the immune
cell mediators important for inducing an effective anti-
tumour response. Antibody-dependent cellular cytotoxicity
(ADCC) by tumour directed antibodies was mediated
by tissue-resident macrophages in B16F10 lung tumours
however this occurred by a different subset of macrophages
derived from Ly6C" monocytes in B16F10 subcutaneous
tumours (20).
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Perspectives and future directions

To date, few studies have retrospectively analysed patients
treated with checkpoint blockade for correlations between
sites of metastasis and responsiveness (9). The majority
of data has come from melanoma and NSCLC, which
are among the first cancers FDA approved for checkpoint
blockade treatment. However, in all studies, organ specific
associations with checkpoint blockade response are varied
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and may be dependent on the cancer type, cohort analysed
and specific therapy used (Figure 1B).

Our study in murine models identified specific
differences in the TME depending on tumour location,
and demonstrated that these differences are likely to be
responsible for the disparate therapeutic efficacy observed.
Given the dynamic nature of the TME this work is complex
and unanswered questions from ours and other murine
studies still remain. One of the most intriguing questions
is how murine studies of tissue-specific TMEs correspond
to immunotherapy responses and tumour locations in the
clinical setting.

Future studies with a clear aim of understanding tissue-
specific TMEs and immunotherapy responses in the human
setting should be undertaken. Specifically, more detailed
analysis of human tumours will instruct the development of
more relevant murine models to better reflect the clinical
setting for further mechanistic studies. Ideally, in depth
analysis of the TME in primary and metastatic human
tumours before, during and after the course of therapy
along with detailed tracking of specific lesion growth over
time is needed to enhance our knowledge of tissue-specific
patterns of response. A case-study from Jiménez-Sanchez
et al. provided detailed analysis of an ovarian cancer patient
over the course of various chemotherapies (21). This study
tracked tumour growth over a period of nine years in four
metastatic locations including the liver, spleen, vaginal cuff
and right upper quadrant (RUQ). The responding lesions,
liver and RUQ metastases, were associated with a T cell
inflamed TME with increased T cell signalling and T cell
clonal expansion compared to T cells from the primary
tumour and non-responding lesions, spleen and vaginal
cuff metastases, which had increased Wnt signalling and
immune exclusion. This level of tissue collection would
allow insight into tumours that have failed therapy and
those that have responded. However, given that biopsies
and detailed imaging can be highly invasive for patients,
expensive and time consuming, getting such detailed
information is practically difficult.

A possible way around collecting invasive biopsies while
still analysing metastatic sites is the establishment of rapid
autopsy programs (22). In these programs, patients and
their families consent to rapid tissue collection, within
hours of death, and use of the patients’ tissues for research
purposes. Such programs require collaborative effort of
patients, families, clinicians, hospital staff, autopsy teams
and researchers, and the tissues derived can have profound
implications on research outcomes. This approach is highly
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beneficial in collecting large quantities of fresh tissue from
multiple locations, especially locations that are challenging
to biopsy in living patients. Tissues harvested from rapid
autopsy have been used for DNA, RNA, proteomic
and IHC analysis as well as establishing patient-derived
xenografts in prostate, pancreatic, ovarian, breast and brain
cancers (22). Although these tissues only include tumours
that have failed therapy, the collection of tissue from
multiple metastatic locations post-mortem provides valuable
resource for understanding the tissue-specific differences in
the immune microenvironment, especially if these samples
are from immunotherapy treated patients.

Due to the valuable nature of tumour biopsies and post-
mortem tissues, all efforts should be considered to maximise
the information gained. Ideally, this means that tissues
are utilised as fresh, frozen and/or paraffin embedded
for various analyses including genomic, transcriptomic,
proteomic, epigenetic, metabolomic, and immunologic
studies. Fortunately, there is a plethora of high-throughput
techniques that can capitalise on available tissue. In
particular, single cell sequencing (23), mass cytometry (23)
and multiplexing IHC (24) approaches have revolutionised
immunologic analyses. Additionally, techniques such as
spatial transcriptomics and iz situ sequencing are able to
combine these cutting-edge technologies to gain a high
degree of information on a per cell basis including detailed
phenotype and spatial information (25).

Focused analysis of existing samples (especially
biobanked rapid autopsy samples) and directed collection
of new samples for the purpose of understanding tissue-
specific microenvironments in various metastatic sites
will lead to valuable insights. In addition, advancement of
clinical imaging techniques, such as utilising cell surface
markers for iz vivo imaging of T cell activation, could allow
accurate detection of real time changes within the TME.
Taking these findings back into murine models will allow
manipulation of immunotherapy resistant tumour types
to identify improvements to existing immunotherapies or
development of novel immunotherapies. Furthermore,
established tissue-specific response patterns can provide
prognostic information and instruct therapeutic decision
making. This second wave of immunotherapy research is
vital in the continuation and improvement to initial clinical
successes of the first wave of immunotherapies.
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