THE HELLSTROMS
— ettt Intressant mote

Karl-Erik och Ingegerd Hellstréom delar arbetsrum och har inga tankar pa att sluta forska och skriva. Efter mer &n 50 ar i USA pratar de fortfarande

svenska med varandra.

nder min vistelse i Seattle som-
U maren 2018 hade jag férmanen

att fa triffa Ingegerd och Karl-
Erik Hellstrom for forsta gangen.
Dessa inspirerande och framgangsrika
forskare har arbetat sida vid sida under
hela sin karridr. En av anledningarna
att jag fascineras av deras arbete ir att
de tidigt insag immunforsvarets bety-
delse vid cancer, nagot som langt ifran
alltid setts som en sjilvklarhet.

Vi triffas i parets kontor, i en bygg-
nad mitt emot det kinda traumasjuk-
huset Harbour View Medical Center
(forebilden till Grey’s Anatomy), dir
Karl-Erik och Ingegerd Hellstrom de-
lar rum. Vi pratar svenska, efter drygt
50 ar i USA talar de fortfarande svens-
ka med varandra. Vi har infér motet
haft mailkontakt och stimt triff i en-
trén till Harbour View Research Buil-
ding, och tjugo minuter fére avtalad tid
far jag ett mail med en paminnelse om
vart mote och en bifogad review-arti-
kel om deras arbeten i olika mustumor-
modeller.

Karl-Erik moter mig ilobbyn pa ex-
akt avtalad tid och berittar hur viktigt
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det alltid har varit for honom att halla
tider, nagot han lirde sig av gymnastik-
direktoren kapten Montan pa Sédra
Latin. Vid foérsening bestraffades nim-
ligen eleverna med en snirt av Mon-
tans florett.

Flera ildre svenska cancerforskare
kinner vil till paret Hellstrom. De
triffades under sina studiedr pa Karo-
linska Institutet dir intresset for cancer
och immunférsvaret vicktes tidigt, och
efter studierna fortsatte bada att forska
hos Georg och Eva Klein. I slutet av
60-talet emigrerade familjen med tvé
sma barn till Seattle for tjanst vid Uni-
versity of Washington (UW). Karl-Er-
ik berittar att de kom till Seattle med i
princip tomma hinder. De beviljades
lan till sitt forsta hus och den forsta
dammsugaren koptes pa avbetalning,
Pa den tiden anstillde inte UW kvinn-
liga forskare och med stolthet berittar
Ingegerd att detta andrades efter deras
ankomst. Paret skapade ett labb som
fortfarande bedriver framgangsrik
verksamhet.

I Seattle lanserade Karl-Erik och
Ingegerd ”The Hellstrom paradox”

som de bada framhaller som sitt storsta
och viktigaste bidrag till cancerforsk-
ningen.

Efter flera ar pa universitetet lim-
nade de tryggheten for att préva pa att
arbeta inom ett mindre biotechbolag
och senare inom likemedelsindustrin.
Efter 15 ar atervinde de sedan till uni-
versitetet dir de bada dr fortsatt aktiva.

Det var ett spinnande mote med tvé
passionerade och hingivna forskare
vilkas arbete startade for mer 4n 50 ar
sedan och som beskrivs mer i detalj i
deras egen text hir intill. Vi har valt att
publicera artikeln pd engelska for att
behalla deras beskrivning sa autentisk
som mojligt.

Det handlar om en imponerande
forskning som delvis har bidragit till
den utveckling vi nu ser inom immun-
terapin med bland annat PD1-hdmma-
re och CAR T-celler.

HANS HAGGLUND ¥
PROFESSOR | /et

s



Immunotherapy of cancer now attracts
much attention. Cancer immunology
has along and not always flattering his-
tory, beginning more than 100 years
ago when Dr William Coley' reported
that some human cancer patients who-
se tumors had been injected with bac-
terial toxins underwent long-lasting
complete remission. However, there
was not much interest in this area until
some 50 years later™, and it was not
until in the new millennium that im-

munotherapy for cancer began to att-

ract much attention™’. Dramatic re-
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sponses have been achieved during the
past decade, particularly after treat-
ment with monoclonal antibodies
(mAbs) to checkpoint inhibitors™ "™,
and although relatively few patients
have been cured, it is likely that further
developments will produce many cures
by engaging the patients’ immune sys-
tem.

There are several reasons why im-
munotherapy is attractive. It can de-
stroy tumors by cytolytic T lymphocy-
tes'” NK cells' and macrophages” as
well as by antibodies in conjunction

with NK cells, macrophages or com-
plement'™ and also by TNFo and other
cytokines"” and by interference with tu-
mor vascularization. Furthermore, the

20,21

high mutability of cancer cells*** whi-
le causing problems for chemothera-
peutics creates new epitopes as targets

for the immune system?.

EARLY STUDIES PAVED THE WAY

In the mid-1960s the two of us were
recruited to the faculty of University of
Washington in Seattle after having
been among George and Eva Klein’s




N

first doctoral students at the Karolin-
ska. In Seattle, we started a series of
experiments which showed that lymp-
hocytes from mice, whose primary
chemically induced sarcoma had been
removed, could inhibit the plating ef-
ficiency of cultured cells from the same
tumor®. The in-vitro data mirrored
the in-vivo demonstration that these
tumors have individually unique anti-
gens which are targets for their rejec-
tion by immunized syngeneic mice®.
Surprisingly, the colony formation by

> AND ?EYO D

plated tumor cells was also inhibited
when the lymphocytes came from a
mouse with an established tumor.

We next performed similar experi-
ments plating cells from short term
cultures of human carcinomas together
with leukocytes from the respective pa-
tients’ autologous blood. The plating
efficiency was inhibited and also when
the lymphocytes were derived from pa-
tients who had large tumors**. Using
techniques related to those we applied,
these findings were soon confirmed” >,

also at a public workshop with coded
patient samples®, but nevertheless the
conclusion that human cancers can be
recognized by the patients” immune
system remained controversial for
many years™*** “supported” by the be-
lief that spontaneous tumors cannot be
immunogenic®*,

The surprising fact that even large
tumors can be recognized as immuno-
logically foreign has sometimes been
referred to as the Hellstrom paradox™
* and is related to the ability of a tu-
mor-bearing subject to reject a small
number of cells from the same tumor
when transplanted outside the original

tumor site*"*

. The paradox implies that
the tumor microenvironment is highly
immunosuppressive® and that the im-
munosupptression must be overcome
for immunotherapy to be successful. It
is noteworthy that Haydon Dong, one
of the co-discoverers of PDL-1, stated
that the initial goal had been to over-
come the Hellstrom paradox®.
Experiments with mouse tumors
indicated that tumor antigens and an-
tigen-antibody complexes in tumor-
bearers’ sera were primarily responsible
for the immunosuppression by inhibi-
ting a tumor-destructive immune re-
sponse
‘blocking factors’ was detected at the

#4%0 and a high concentration of

tumor site”. Administering antibodies
to tumor antigens could induce tumor
regression in mice with Moloney virus
induced sarcoma® and in rats with pri-
mary or transplanted polyoma virus in-
duced tumors which supported the hy-
pothesis that tumor antigen and com-
plexes in antigen excess can ‘block’ the
immune response**.

Subsequent work showed that the si-
tuation is more complex than original-
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ly anticipated. For example, neoplastic
cells make a variety of immunosup-
pressive factors®”, which include the
PDL-1 and -2 ligands to the PD-1 re-
ceptor’*, members of the transfor-
ming growth factor (TGFf) family®,
IDO (indoleamine 2,3-dioxygenase)™
*, prostaglandin®, AhR (blockade of
IDO-kynurenine-AhR [aryl hydrocar-
bon receptor metabolic circuitry], NO,
and others.

Furthermore, most neoplastic cells
do not express the key costimulatory
molecules CD80 and CD86% and thus
display their antigens in a way that can
downregulate the immune response,
and engaging costimulatory signals by
vaccination with tumor cells transfec-
ted to express costimulatory CD80
molecules®*, or by administering ago-
nistic anti-CD137 mAb® can someti-
mes induce tumor rejection. The po-
wer of a costimulated immune respon-
se was also demonstrated by experi-
ments in which lymphoid cells from
the blood of human patients with ad-
vanced cancer could proliferate in vitro
and produce high levels of tumor ne-
crosis factor alpha (TNFa) and IFNy
if cultured together with autologous
tumor cells and stimulated by a combi-
nation of mAbs to CD28 and CD3.
Importantly, they also generated tu-
mor-destructive cytolytic T cells
(CTL)*.

TH2-TYPE INFLAMMATION PROMOTES
CARCINOGENESIS

There is strong support for Virchow’s
postulate that inflammation promotes
carcinogenesis and tumor progres-

-7 We felt that Invasive cervical

sion
cancer (ICC) provides an ideal system
to further investigate this inflamma-
tion. The etiological agent, high risk
human papillomavirus (hr-HPV), is
known®, its E6 and E7 genes encode
tumor specific epitopes that can be re-
cognized by immune T lymphocytes to

cause cell destruction®”

, expression of
these epitopes is intimately associated
with the neoplastic transformation”,
and the lesions preceding ICC are well
defined, including cervical intraepithe-
lial neoplasia (CIN) grades 1, 2, and
CIN3/carcinoma in situ (CIS)™7. Ch-
ronic Th2-type inflammation is com-
monly seen during persistent infection
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with hr-HPV and promotes tumor pro-
gression”, and immunological markers
have been reported to predict regres-
sion of CIN2-3 lesions™.

We applied immunohistochemistry
to archived cervical samples to charac-
terize the local immunological envi-
ronment during the gradual progres-
sion from hr-HPV infected epithelial
cells to ICC*. Lymphoid cells were ex-
amined for the expression of FoxP3, a
marker of regulatory T cells*»*, CD20,
a marker for B lymphocytes*, CD138%,
a marker expressed on plasma cells and
some epithelial cells, and CD32B [86],
which is expressed primarily by antigen
presenting cells and can downregulate
an immune response after uptake of
immune complexes®. Epithelial cells
were examined for the expression of in-
doleamine 2,3-dioxygenase 1 (IDO1),
an enzyme that induces immunosup-
pression®*.

Already at the stage of cervical intra-
epithelial neoplasia (CIN1), the mucosa
was infiltrated by CD20+and
CD138+cells and infiltration increased
in cervical intraepithelial neoplasia 3
(CIN3)/carcinoma in situ (CIS) and in-
vasive cervical cancer (ICC), where it
strongly correlated with infiltration by
CD32B+ and FoxP3+ lymphocytes.
GATA3+ and T-bet+ lymphoid cells
were increased in ICC compared to not-
mal, and expression in epithelial cells of
the Th2 inflammation-promoting
IDO1 was higher in CIN3/CIS and
ICC. Thus, hr-HPV initiates a local Th2
inflammation at an early stage, invol-
ving antibody forming cells, and fosters
an immunosuppressive microenviron-
ment that aids tumor progression.

SHIFTING A TH2 TO A TH1 ANTI-TUMOR
RESPONSE TO ACHIEVE TUMOR REJECTION
We found that subcutaneous transplan-
tation of the SW1 or B16 melanoma or
TC1 lung carcinoma significantly in-
creases the number of CD19 cells in
tumor-draining lymph nodes (TLN) as
carly as 1 day later”. This was in agre-
ement with published evidence for a
tumor-promoting role of B lymphocy-

" and is reminiscent of the fact that

tes
HPV-infected human cervix uterus
was infiltrated by B lymphocytes al-
ready at the CIN1 state®. The number

of CD3 and CDS8 cells concomitantly

decreased®, and there was a significant-
ly increased number of CD11Gr-1 my-
cloid derived suppressor cells. RNAs
were extracted from TLN 2 days after
transplantation of B16 cells and evalua-
ted by quantitative PCR. There was a
statistically significant 2-fold decrease
in RNA levels for IFNY and TNFo
and a 2-fold increase in the RNA level
for IL4, while mice transplanted with
cultured fibroblasts were not different
from naive mice according to flow cy-
tometry or PCR. Transplanted tumor
cells thus rapidly induced changes ty-
pical of a Th2 type inflammation.

We hypothesized that shifting the
Th2 response to the Thl type would
promote tumor destruction. To test this
hypothesis, we first performed experi-
ments with the ID8 mouse ovarian car-
cinoma which shares many characteris-
tics with human ovarian cancer’ %
Mice were implanted intraperitoneally
(i.p.) with ID8 cells and developed small
nests of tumor cells within 10—15 days
at which time they were injected with
various immunomodulating mAbs i.p.
or a mAbD to an irrelevant control anti-
gen. Control mice rapidly developed so-
lid tumors and malignant ascites and
were dead 24 days after tumor implanta-
tion, while injection of a combination of
mAbs to CD137% and PD-1” increased
survival to 55 days, and inclusion also of
a mAb to CTLA4* further increased
survival to 74 days. No survival benefit
was obtained with m Abs to several oth-
er immunoregulatory (TIM-3, LAG-3)
or costimulatory (OX40, GITR, CD40)
molecules, as single agents and in vari-

192 and none of the

ous combinations
tested mAbs prolonged survival when

used alone.

COMBINING MONOCLONAL ANTIBODIES
TO EVOKE STRONGER TH1 RESPONSE

In another experiment, mice were im-
planted i.p. with ID8 cells as in the th-
erapy experiments and injected i.p. 10
days later with a combination of anti-
PD1/CD137 mAbs of either mAb alo-
ne. Seven days later, the percentage,
absolute numbers, and effector fun-
ction markers of lymphocytes in the
spleens were analyzed by flow cytome-
try [92]. Administration of the two
mAbs resulted in a significantly in-
creased frequency and number of



CD3+ and CD8+ T cells and de-
creased numbers of CD4+ and
FoxP3+ Treg cells as well as of GR-
1+CD11b+ myeloid-derived suppres-
sor cells (MDSC). The levels of
CD44+CDO62L- effector/memory cells
and of CD44+CDG62L+ central memo-
ry cells were also elevated as was the
number of IFNY-producing effector
CD8+ T cells, and there were de-
creased numbers of CD8+ T cells pro-
ducing IL-10. The data thus indicated
that combining the two mAbs genera-
ted a systemic Thl type response do-
minated by significantly increased
numbers of CD8+ effector T cells and
decreased numbers of immunosup-
pressive cells.

Administration of anti-CD137 mAb
as a single agent also increased the po-
pulation of CD8+ T cells, but these
cells had an ‘exhausted’ phenotype,
failing to produce effector cytokines
upon polyclonal stimulation [92].
Combined administration of anti-
PD-1/CD137 mAbs blocked the upre-
gulation of PD-1 and TIM-3 molecules
on peritoneal C4 and CD8 T cells [92].
Administration of anti PD-1 mAb as a
single agent had little effect on CD4+
and CD8+ T cells or on CD19+ B cells
but significantly decreased the popula-
tions in spleens of immunosuppressive
Treg and MDSC™.

Tumor rejection after administra-
tion of the 3 mAb combination to mice
with ID8 tumors was associated with
an even stronger Thl response with a
decreased number of CD19+ cells and
an increased number of CD3+, CD4+,
and CD8+ cells, the last of which made
large amounts of IFNY upon polyclo-
nal stimulation. The frequency of
IFNy+ TNFo+ CD4+ T cells in the
peritoneal lavage tripled and that of
CD8+ cells doubled as did the frequen-
cy of IFN-g+ TNFo+ CD4+ and
CD8+ tumor-infiltrating lymphoid cells

(TIL). The ratio of CD4+Foxp3- to
CD4+Foxp3+ Treg cells increased as
did that of CD4+Foxp3- cells to either
CD8+Foxp3+ Tregs or CD11b+Gr-1+
MDSC, and the CD86+CD11c+ dend-
ritic cells increased 5 times relative to
the control.

The ID8 tumor expresses a mouse
homologue of human mesothelin,
which is one of the biomarkers of hu-
man ovarian carcinomas, allowing us
to investigate whether the induced im-
mune response has antigen specificity.
Splenocytes from treated mice and
controls were cultured in the presence
of H-2Db-restricted mesothelin-speci-
fic peptide or a control HPV-E7 pep-
tide for 3 days, after which the culture
supernatants were assayed for IFNY.
Splenocytes from the treated mice, as
compared to controls, secreted in-
creased levels of IFNY when stimulated
with the mesothelin peptide as compa-
red to the HPV peptide’™ . Further-
more, splenocytes from anti-PD-1/
CD137 treated mice were cytolytic to
EL4 cells pulsed with mesothelin but
not to cells pulsed with HPV-E7 pep-
tide. Pre-incubation with anti-CD8
antibody suppressed the killing”. Oth-
er evidence that the therapy-induced
response has a tumor antigen-specific
component comes from studies apply-
ing the tetramer technology with the
TC1 lung carcinoma™.

These studies were expanded to in-
clude three additional models, the SW1
clone of the K1735 melanoma, the B16
melanoma, and the TC1 lung carcino-
ma’. We found anti-tumor activity in-
cluding long-term tumor complete reg-
ression in all 3 models after i.p. injec-
tion of the 3 mAb combination. In
most of these experiments, mice were
injected with mAbs 7-10 days after sub-
cutaneous transplantation of 106 tu-
mor cells, at which time they had tu-
mor nodules with a mean diameter of
4-5 mm.

INTRATUMORAL INJECTIONS FOR
IMPROVED THERAPEUTIC EFFICACY

We compared the therapeutic efficacy
of injecting mAbs i.p. or intratumoral-
ly (i.t.) to mice that had a subcutaneous
SW1 melanoma. Given i.t., the 3 mAb
combination induced CR in 65% of
mice as compared to 20% CR in mice

injected i.p.*”. The i.t. injection had the
best therapeutic activity both against
an injected and an untreated tumor in
the same mouse®”".

To investigate the role of CD4+,
CD8+, and NK cells in the therapy-in-
duced antitumor response, mice injec-
ted with the 3 mAb combination were
injected i.p. with mAbs to the respec-
tive cell populations. In the ID8 model,
depletion of CD4+ or CD8+ cells ab-
rogated the antitumor effect, while de-
pletion of NK cells had a marginal ef-
fect. In the SW1 model, CD4+ cells
were needed for therapeutic efficacy
while the differences were not statisti-
cally significant for CD8 and NK cells.

TLNs and spleens were harvested
from mice whose B16 melanoma either
had completely regressed (“regressors”)
or were growing progressively (“pro-
gressors”) after three i.t. administrations
of the 3 mAb combination. Regressors
had significantly more CD44CDG62L- ef-
fector memory cells than progressors,
which is consistent with shifting of the
tumor microenvironment from an im-
munosuppressive Th2 to an immunosti-
mulatory Th1 type”. Further evidence
that a therapeutic response was caused
by such a shift came from experiments
in which the 3 mAb combination was
injected once i.t. into SW1 tumors of
4—6 mm diameter and the mice eutha-
nized 7 days later. TLN and spleens
were enlarged as compared to controls
and there was a dramatic increase in
the number of CD3, CD8 and CD4
cells and of CD11CD86 mature DC in
both TLN and spleen. The number of
cells expressing CD137 was also in-
creased, while the populations of cells
expressing PD-1 or CTLA-4 was unaf-
fected. The treated mice had signifi-
cantly increased numbers of CD4 and
CD8 cells producing IFNYand TNFo
and significantly increased numbers of
CD11CD86+ mature DCs. Infiltration
by CD19 cells was decreased compared
to controls.

RESPONDERS AND NONRESPONDERS

In another series of experiments, we
compared tumor-infiltrating lymphoid
(TIL) cells from B16 melanomas which
had either started to regress (‘respon-
ders’) or were growing progressively
(‘nonresponders’) when the mice were
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euthanized 7 days after the second i.t.
injection of the 3 mAb combination.
Responding tumors contained much
fewer CD19 cells and more CD3, CD4,
and CD8 cells of which 90% were
CD44CDG62L- effector memory cells
as compared to nonresponders and
controls which were similar. Moreover,
responding tumors had 6-fold higher
mRNA levels of IFNY and TNFa,
2-fold higher mRNA levels of perforin
and a 15-fold increase of granzyme B
mRNA and they had significantly de-
creased numbers of CD19+ cells, in-
creased IFNY and TNFa producing
CD4+ and CD8+ T cells and mature
CD86+ DC and increased ratios of ef-
fector CD4+ and CD8+ T cells to
CD4+Foxp3+ Treg
CD11b+Gt-1+ MDSC.
According to PCR array analysis of
TLN from mice with SW1 tumors, the
3 mAb combination upregulated trans-

and to

cription of the Thl-related molecules
IFNY, Stat4, and TBX21 and downre-
gulated transcription of the Th2 mole-
cules IL.-4, Stat6, and GATA3’, which
is consistent with an increased percen-
tage of IFNY producing T cells accor-
ding to intracellular cytokine staining,
There was also an increase of the Th1-
associated chemokine/receptor
CXCL9-11/CXCR3 and a decrease of
the B-cell chemotactic chemokine/re-
ceptor CXCL13/CXCRS5, which is con-
cordant with an increase of CD4+ and
CD8+ cells and decrease of B cells in
TLN. Upregulation of CXCL9 and of
CXCL10 and CXCL11 was confirmed
by qPCR in both tumors and TLN
from treated mice demonstrating a
shift of the immune response toward
Th1 type by the 3 mAb treatment”.

COUNTERACTING TUMOR-PROMOTING
ROLE OF B CELLS

As in the ID8 ovarian cancer model,
regression of SW1, B16 and TC1 was
associated with a significantly de-
creased number of CD19 cells in tu-
mors, TLN and spleen [89, 91], proba-
bly because of the anti-B cell activity of
agonistic mAbs to CD137”, and we
hypothesized that the therapeutic effi-
cacy could be improved by also inclu-
ding a mAb to CD19. To test this hy-
pothesis, mice with a 4-5 mm SW1 tu-
mor on the right side of the back and a
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2-3 mm such tumor on the left (to in-
vestigate whether there was a systemic
effect) were injected with either the 3
mAb combination or anti-CD137/
PD-1/CTLA4/CD19 (“the 4 mAb
combination”) into the right tumor.
Treatment with the 4 mAb combina-
tion produced an overall survival of 59
days compared to 35 days with the 3
mAb combination and 18 days in con-
trols, and 60% of mice receiving the 4
mAb combination were alive, tumor
free, 100 days after the first treatment.
Subsequent studies showed that the 4
mAb combination also was more effec-
tive in the B16 and TC1 models***.

Experiments were also performed
with mice whose s.c. SW1 melanoma
had a mean diameter around 8-9 mm
at the onset of therapy* and showed
that the 3 and 4 mAb combinations
produced 10 % and 60% CR respecti-
vely. In mice with B16 tumors of ap-
proximately the same size, the 3 mAb
combination only prolonged survival
from 10 to 30 days while the 4-mAb
combination induced long-lasting CR
(and probably cure) in 50% of the
mice. However, it was much easier to
induce regression of small tumors
which is reflected by a greater difficulty
in inducing a shift from a Th2 to a Thl
response as tumors are larger™.

Mice whose SW1 tumors had under-
gone CR were transplanted s.c. with
SW1 cells 140 days after the first treat-
ment, as were age-matched naive con-
trols. The SW1 cells were rejected by
80% of regressor mice, which remai-
ned tumor free when the experiment
was terminated after more than 200
days™, i.e. treatment had induced a
long-term response.

We then investigated the immuno-
logical profiles of mice whose B16 tu-
mors were injected 7 days previously
with either the 3 or 4 mAb combina-
tions, to compare the two combina-
tions, or with individual m Abs®. There
were more CD3, CD4, CD8, and
CD80CDT11c cells and fewer CD19
cells in TLN from mice whose tumors
were injected with the 4 mAb combina-
tion and this combination also induced
more CDS8 cells in the spleen, a higher
frequency of T effector to Treg cells in
tumors. Furthermore, it more effecti-
vely increased the number of TIL

which expressed CD137 and CD86 and
the number of CD44CDG62L. central
memory CD8 T cells as compared to
the 3mAb combination, and better in-
creased the shift from a Th1 to a Th2
response with an increased Tbx21/
Gata3 ratio, higher mRNA expression
of IFNY, and lower mRNA expression
of TL4%,

The therapy-induced Th1 response
declined within weeks after mAb ad-
ministration, which probably explains
why approximately 20% of macrosco-
pically regressed tumors relapsed
within 2 months following treatment.
The relapsed tumor cells retained full
sensitivity to the original treatment
protocol, while TIL, TLN, and spleen
of relapsing mice had the characteris-
tics of a Th2 type inflammation, i.e.,
the relapses were caused by failure of
the immune system to retain a tumor-
destructive Thl tumor environment®.

SYNERGISTIC EFFECT COMBINING IMMU-
NOMODULATORY MABS WITH CISPLATIN
Stimulated by the report that anti-
CD137 mAb synergizes with cisplatin
to induce regression in a mouse colon
cancer model”, Weti et al. investigated
whether cisplatin synergizes with a
combination of immunomodulatory
mAbs” to obtain preclinical data which
could be translated to a clinical proto-
col for such patients. The approach was
encouraged by the demonstration that
i.p. injection of mAbs to CD137 plus
PD-1 doubled survival of mice with the
ID8 ovarian carcinoma’.

Ten days after implanting C57BL
mice with ID8 cells the mice were in-
jected i.p. with 10 mg/kg cisplatin fol-
lowed by 2 doses of anti-PD-1/CD137
mAbs at a 4-day interval. Controls re-
ceived the same protein dose of an ir-
relevant mAb. Confirming previous
data, a doubled survival time was ob-
served with the mAb combination, but
there were no long-term survivors, and
no survivors among mice only given
the drug. However, 8 of 10 mice recei-
ving both cisplatin and the 2 mAb
combination survived healthy and tu-
mor free when the experiment was ter-
minated after a 100 days observation
period’'. The surviving mice rejec-
ted challenge with ID8 cells while cells
from the syngeneic but antigenically



different TC1 lung carcinoma grew
progressively.

Treated mice had a significantly in-
creased total number of CD8+ T cells
in the peritoneal lavage and spleens and
these cells were functional, as demon-
strated by antigen-specific cytolytic ac-
tivity and IFNY production, and by the
demonstration that removal of CD8+ T
cells abrogated the anti-tumor effect™.
Administration of anti-CD137 mAb as
a single agent similarly increased CD8+
T cells but these had no functional acti-
vity due to upregulation of co-inhibitory
PD-1 and TIM-3. Combined CTLA4
blockade and CD137 triggering was not
therapeutically effective either, indica-
ting that PD-1 mediated negative signa-
ling plays a more important role than
immunosuppression via CTLA-4 in the
evasion of ID8 cells from immunologi-
cal control.

In another set of experiments, mice
with s.c. TC1 tumors of 4—5 mm dia-
meter were injected i.p. with cisplatin,
10 mg/kg, immediately followed by va-
rious mAb combinations given i.t. and

repeated 2 times weekly. Combination
of mAbs to CTLA4 plus PD-1 with cis-
platin induced long term CR in most of
the mice”. The ability of cisplatin to
counteract the immunosuppressive tu-
mor microenvironment'”, including a
population of tolerogenic and IDO po-
sitive MDSC' probably contributed to
the beneficial effects”. We speculate
that the therapeutic efficacy can be
further improved by drugs that coun-
teract the induction of IDO by IFNY,
whose level is increased by the immu-
nomodulating mAbs [103], and that th-
erapeutic vaccination, radiotherapy, or
various other drugs can synergize with
mAbs to checkpoint inhibitors. Com-
bination of radiotherapy with immuno-
modulatory mAbs has already been
shown to act synergistically'"™".
Translation of these findings to the
clinic should be considered. Although
no toxicity beyond occasional hair loss
was observed in treated mice, caution
must be exercised particularly since
anti-CD137 agonistic antibodies have
been observed to cause toxicity in

both preclinical models"” and clinical

trials [108]. Restricting the biodistribu-
tion of the mAbs to the peritoneal ca-
vity, e.g., by entrapment in nanopartic-
les, may provide a targeted approach to
elicit effective antitumor immunity
while minimizing systemic toxicity'”.

Abstract. Carcinogenesis and tumor
progression are associated with Th2

mechanisms and regression with a shift
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to a Thl response. This shift is more
difficult to achieve with larger tumors,
and one is reminded of the fact that re-
jection of transplanted tumor cells by
an immunized mouse is commonly
overcome by just increasing the num-
ber of transplanted cells with a couple
of logs, i.e. tumor-related immunosup-
pression is very effective. Importantly,
the Th2 to Th1 shift can be facilitated
by combining immunomodulatory
mADbs with cisplatin which, in addi-
tion to killing tumor cells, also impacts

the immune system* "

,and a combina-
tion of the clinically approved anti-
PD1, anti-CTLA4 and cisplatin indu-
ces a Th1 type response with CR when
neither the drug nor the mAbs were ef-
fective” by themselves. It will be im-
portant to learn whether combination
of immunomodulatory mAbs with in-
hibitors of IDO, AHR, PDL-1 or -2,
TGFP and/or other immunosuppres-
sive molecules, drugs or mAbs will
further increase the efficacy. The most
impressive clinical responses to immu-
nomodulating mAbs have been seen
with mAbs to PD-1, PD-L1 and
CTLAA4, i.e., with mAbs that target tu-
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mort-related immunosuppression. Ago-
nistic mAbs to costimulatory receptors
such as CD28 have been less therapeu-
tically beneficial and display much tox-
icity.

In our studies, i.t. injection of im-
munomodulatory mAbs was superior
to systemic delivery to obtain both a
local and a systemic effect. For i.t. deli-
very, enclosing the injected material in
may prolong its stay at
the tumor site, and for targeting to tu-

nanoparticles'”

mors the surface of nanoparticles may
be ‘decorated’ by anti-tumor mAbs. If
small molecules can be identified with
similar functions as the respective im-
munomodulating mAb, it may be pos-
sible to make immunoconjugates for
systemic delivery with tumor targeting
by coupling to an anti-tumor mAb.
Relapse of treated TC1 carcinoma
was seen in about 20% of cases™. Im-
portantly relapse was associated with a
shift from a tumor-inhibitory Th1 re-
sponse to one of the Th2 type while
the relapsing tumor cells retained their
sensitivity to treatment with immuno-
modulatory mAbs. It will be important
to investigate whether one can decrease

the frequency of relapses by prolonging
the treatment with mAb and/or drug
or by combination it with therapeutic
vaccination or adoptively transferred T
cells.

Major efforts should be devoted to
investigating side-effects. Although
toxicity has not been a large problem in
our studies, a concern is that immuno-
modulatory mAbs can cause autoim-

111113 and there is 2 need

mune reactions
to detect and treat autoimmune side-
effects early. There is a need for highly
effective mAbs or other therapeutic
agents to shift the tumor-promoting
Th2 response to one of the Th1 type.
A review article covering our work
in this area with more detailed presen-

tation is being published™.
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