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T cell mitochondria dysregulation by
tumor-derived immunosuppressive factors
induces unresponsiveness to the PD-1
blockade cancer immunotherapy

Department of Immunology and Genomic Medicine, Graduate School of Medicine, Kyoto University

1. Background

Globally, 1 out of 6 deaths is due to cancer.
According to “‘WHO report 2018 on cancer statis-
tics, 18.1 million new cases and 9.6 million cancer
deaths were reported in 2018 only. Cancer immu-
notherapy (especially PD-1 blockade based) has
revolutionized the cancer treatment because of im-
proved survival, less side effects and applicability
to all tumors irrespective of their origin and type
compared to other modalities (radiation and che-
motherapy) of cancer treatments.? PD-1, an im-
mune inhibitory receptor expressed on activated T
cells, negatively regulates T-cell immune function
through the interaction with its ligand PD-L1.
Blocking the PD-1/PD-L1 signaling reactivates the
T cells to fight cancer. FDA has approved PD-1
blockade therapy for non-small cell lung carcinoma
(NSCLC), squamous cell lung cancer, renal cell car-
cinoma, Hodgkin’'s lymphoma, head and neck squa-
mous cell carcinoma and recently for microsatellite
instability-high (MSI-H) or mismatch repair defi-
cient (AMMR) cancers that covers various

late-stage cancers.’

Alok Kumar
Kenji Chamoto

2. PD-1 blockade therapy: Current Issues
Immunotherapy using PD-1 blockade has led to
a paradigm shift in cancer treatment. Despite its
tremendous clinical success rate over other cancer
treatments, a significant fraction of patients re-
mains unresponsive to PD-1 blockade therapy. To
improve efficacy, it is requisite to a) identify pre-
dictive biomarker and b) understand the mecha-
nism of unresponsiveness to PD-1 blockade thera-
py. The development of predictive biomarkers will
help the stratification of cancer patients into re-
sponder and non-responder, and will save precious
time of patients, laborious efforts of doctors and
cost of social welfare. Further, to improve efficacy,
it is imperative to understand the mechanism of
unresponsiveness. Responsiveness to the PD-1
blockade therapy is affected by both tumor and
immune properties. The role of the immune sys-
tem, especially T cells, in determining the respon-
siveness has been poorly studied compared with
those factors related to the tumor properties.
Studying both sides, the host immunity and the tu-
mor side will give insight in understanding the
mechanism of unresponsiveness to the PD-1 block-

ade cancer immunotherapy.
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3. T cells and mitochondria

CD8" T cells are major effector cells in tumor
rejection by PD-1 blockade therapy and they be-
come dysfunctional in unresponsive tumors. Recent
reports suggest that energy metabolism plays an
important role in regulating T cell function and dif-
ferentiation.* ° Mitochondria, a cellular organelle, is
the site of energy (ATP) production. In our previ-
ous work, we found mitochondrial activation asso-
ciated genes were upregulated in lymphocytes
from PD-1 KO mice compared to wild-type mice.’
This result indicated that blocking PD-1 signaling
enhances mitochondrial activity of T cells, result-
ing in the upregulation of ATP production. Based
on such preliminary findings, we compared the mi-
tochondrial function of immune effector T cells
from responsive and unresponsive tumor-bearing
mice treated with PD-1 blockade therapy. The mi-
tochondrial respiration can be measured by
Seahorse analyzer which utilizes a series of chemi-
cals (Oligomycin, FCCP, and Rotenone/Antimycin)
to disturb the electron transport chain in a pro-
grammed manner to measure oxygen consumption
rate (OCR; an indicator of mitochondrial respira-

tion) (Figure 1A). We found T cells from mice with
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responsive tumor had higher mitochondrial activa-
tion (higher OCR values) after PD-1 blockade ther-
apy over ctrl IgG treated while no significant en-
hancement was observed from unresponsive tumor
bearing mice (Figure 1B-C). These iz vivo results
demonstrated that mitochondrial activation param-
eters will serve as a potential biomarker to differ-
entiate between responding and non-responding

patients.

4. Unresponsive tumor with or without

immunosuppressive property

Further, to understand why some tumors are
unresponsive, we devised a novel ‘bilateral tumor
model where responsive and unresponsive tumors
were inoculated on lateral sides of mouse, and im-
munosuppressive effect of unresponsive tumor on
the immune response against responsive tumor
were studied under PD-1 blockade treatment con-
dition. We found the responsive tumor (MC38) on
right side was rejected by PD-1 blockade therapy
when no tumor or B16 tumor was present on left
side. On the contrary, MC38 was not rejected by
PD-1 blockade therapy when LLC was present on
the left side. With this result, we concluded that

A _ B C
Representaiive OCR graRpolme/ GL261 (Responsive tumor) LLC (Unresponsive tumor)
200 AntpyeinA Rotenone/ Rotenone/
250 Oligomycin ~ Antimycin A 300, Oligomycin  Antimycin A
=150 Oligomycin = 1 v = 1 v
£ i Spare respiratory “E 200 =
S capacity (SRC) = O Ctrl IgG
=
Z 100 i 9 150 )
E o ; respiration g_ Ad antI_PD-L1
S 5 100
50
[5)
8 50
0 Non-mitochondrial respiration 0 | S ; 9 , 0 |
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80

Time (minutes)

Time (minutes)

Time (minutes)

Figure 1. Mitochondrial activation after PD-1 blockade in responsive tumor-bearing host only. (A) Representative
OCR plot by Seahorse XFe analyzer, showing basal respiration, maximal respiration, spare respiratory
capacity, ATP turnover, proton-leak, and non-mitochondrial respiration, is shown. (B, C) Tumors were
inoculated on day0, followed by anti-PD-L1 mAb injection on day5,10 and sacrificed on day12 for analysis.
OCR of lymph node CD8 T cells, from hosts bearing responsive (B) and unresponsive (C) tumor with or
without PD-1 blockade therapy, were measured using Seahorse xFe analyzer.
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Figure 2. Unresponsive tumors classified into with or
without immunosuppressive property.
Unresponsive tumors were inoculated on left
side on day0, followed by inoculation of
responsive tumor on right side on day6 and
PD-1 blockade therapy on day8 and every 5"
day thereafter. Tumor growth of responsive
tumor (MC38) with or without PD-1 blockade
therapy when LLC (left) or B16 (right) was
present on left side.

LLC causes systemic immune suppression while

B16 does not (Figure 2). Immunosuppressive na-

ture of LLC explains its unresponsiveness to PD-1

blockade therapy. In addition, this model also sug-
gests the possibility that B16 is unresponsive be-

cause of local immune ignorance.

5. Survival of hosts bearing immunosup-
pressive tumor was enhanced by mito-
chondrial activation drugs in combination
with PD-1 blockade therapy
To understand how released factors from immu-

nosuppressive tumor inhibits immune responses,

we assessed T cell proliferation (by thymidine in-
corporation) after stimulation with anti-(C-

D3+CD28) mAb in the presence of culture super-

natant collected from tumor cells. Interestingly, we

found proliferation and T cell mitochondrial activi-
ty were reduced in the presence of culture super-
natant from immunosuppressive tumor (LLC) but

not in the presence of B16 or GL261 (responsive

tumor; taken as control) culture supernatants
(Figure 3A-B). We hypothesized that enhancing mi-
tochondrial activity by small molecules could abro-
gate the immunosuppression and recover the unre-
sponsiveness. Previously, we have shown that en-
hancing mitochondrial function by enhancing
PGC-1la/PPAR axis by using Bezafibrate, a
pan-PPAR agonist synergizes with PD-1 blockade
therpay.® " To test our hypothesis, we performed
bezafibrate combination therapy with PD-1 block-
ade and found survival of hosts with immunosup-
pressive tumors (LLC) were noticeably enhanced
by Bezafibrate combination therapy. By contrast,
survival of host with B16 tumor was not enhanced
which utilizes local immune ignorance for immune
evasion (Figure 3C-D).

In conclusion, unresponsive tumors can be classi-
fied into two types: with and without immunosup-
pressive property. Immunosuppressive tumors re-
lease soluble factors that inhibit mitochondrial
function and proliferation of T cells. Additionally,
survival of hosts with immunosuppressive tumors
can be improved by mitochondrial activation drug

in combination with PD-1 blockade.
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(B). (C, D) Tumors were inoculated on day0 followed by Bezafibrate injection on every 3 day and
anti-PD-L1 injection on every 6" day. Survival of hosts with B16 (C) and LLC (D) is shown.
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