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After briefly reviewing major forms of cell death and Sa;‘ff;s/jjv‘xw scopus.com/authid/detai
discovery of programmed (cell) death 1 (PD-1) protein and uribauthord=7202037719 '
its ligands (PD-L1 and PD-L2), this overview is focused on . , _

how PD-1 and PD-1 ligands are involved in a new form of iN | freccalor sineniies. e dedlared by the
immunosuppression that represents a new approach to cancer | author

therapy. Namely, tumor cells often kill cytotoxic T lymphocytes

through PD-1 mechanisms - hence, PD-L1 inhibitors represent a new molecular mechanism of
cancer immunotherapy. Recent translational clinical research also revealed a substantial influence
of gut microbiome on response to PD-1-based cancer immunotherapy. The initial discovery was
that cancer patients treated with antibiotics for various infections have diminished response to
anti-PD-1 therapy. Comparing the fecal microbiota of responders to non-responders revealed
increased abundance of Akkermansia muciniphila, Faecalibacteria and Bifidobacteria in patients
showing favorable outcomes to anti-PD-1 treatment.

Conclusions: 1. Recent studies revealed how inhibition of certain cell death (e.g., cytotoxic T
cells) via PD-1 leads to increased death of tumor cells. 2. The effectiveness of PD-1-based cancer
immunotherapy is greatly influenced by gut microbiome (e.g., firmicutes and clostridia have
positive, while bacteroidia exert negative effects). 3. Nevertheless, checkpoint inhibitors (via PD-
1, PD-L1) represent a new and effective cancer immunotherapy, even in metastatic melanoma.
4. Thus, the discoverers of PD-1 and PD-L1 rightly shared the 2018 Nobel Prize in Physiology or
Medicine.

Keywords: Cell death, apoptosis, programmed cell death, T-lymphocytes, PD-1 receptor, PD-1
ligands, tumor cells, cancer, immunotherapy, gut microbiome

* Presented as a lecture during SMART LION, Lviv, September, 18-20, 2019

13



Mpaui HTLL MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua

2019, Tom 57, N2 2 ISSN 1563-3950 ISSN 1563-3950 2019, Vol. 57, 2
Oornag Review

8 3axuct T-nimpouunTtiB 3a AONOMOrororo
OPEN (o) ACCESS peuentopa PD-1: HOBMI1 MONEKYAAPHUIA

DOI: 10.25040/ntsh2019.02.01 MexaHi3M iMyHoTepanii paky**

Ansa nuctyBaHHA:
1600 E. Hill St., Signal Hill, CA 90755

E-nowrTa: sszabo@uci.edu; WaHaop Cabo
sszabo@auhs.edu

CraTTs Hapiiwna: 25.10.2019 Kagpeapa natosorii Ta ¢hapmakonorii, MeguuyHui Koaeax
NpwuitiaTa o apyky: 17.11.2019 YHiBepcuteTy KanigpopHii IpBiH, KanicpopHis, CLLUA;
Ony6nikoBaHa oHnaH: 26.01.2020 Kageapa gpapmaxosiorii @apmalyeBTUYHOIO KOJIEAXKY,

Gy © Wawaop Cabo, 2019 AMEPUKAHCBEKNIA YHIBEPCUTET HayK 11po 3/0poB’s,
KanigopHis, CLUA

ORCID ID
Sandor Szabo: Micns KOpOTKOro ornaay OCHOBHMX OpM 3armbeni KNiTMH Ta

Nps:// v scopus.com/authid/detail. BUSIBNEHHS poni nepuworo 6inka (PD-1) y 3anporpamoBaHiit 3a-

rméeni kniTMHKW Ta noro niraHais (PD-L1 i PD-L2) y gaHin ctat-

KoHdnikT iHTepeciB: ABTOp Aeknapye . . .o

BIACYTHICTb KOHMAIKTY iHTEpPeCiB. Ti onucaHo, Ak PD-1 Ta niraHan PD-1 6epyTb yyacTb y HOBIit

¢dopMi iMyHOCynpecii, Wo € HOBITHIM NiAXOAOM A0 NiKyBaHHSA

paKky. 30KpeMa, KNiTUHN NYXJIMHM 4acTo BOMBAKOTb LMUTOTOKCUYHI T-niMdpounTh Yepes MexaHiamu
PD-1. OTxe, iHri6iTopmn PD-L1 € HOBMM MONEKYNSpHMM MexaHi3MOM ANns iMyHoTepanii paky.

HewopasHi MixxamcumnaiHapHi KNiHiYHI 4OCNIAXEHHS TaKoX BUSIBUIW 3HAYHUI BNAMB MiKpodno-
PV KWLWWIKKW y BiANOBiAb Ha iMyHOTepanito paky 3a gonomorot PD-1. NepBuHHO 6yno BUSABMAEHO,
LLLO OHKOXBOPI, AKi NpuAManu aHTMBIOTUKM BiA4 Pi3HUX IHDEKUIN, Mann MeHL BMPa)KeHy peakLito
Ha PD-1 npoTupakoBy Tepanito. MMopiBHAHHSA dekanbHOi MiKpo6iOoTM NauieHTIB i3 TepaneBTUY-
HUM edeKToM i3 nauieHTamm 6e3 peakuii BUABUNO 36inblueHHA KiNnbKOCTi 6akTepint Akkermansia
muciniphila, Faecalibacteria and Bifidobacteria y naui€HTIB i3 NO3UTUBHUMK pe3yfbTaTaMu JiKy-
BaHHA npoTtu PD-1.

BucHoBKkWU. 1. HepaBHi [OCniAXeHHS nNoOKas3anu, SK MNpUrHideHHs 3arubeni neBHUX KNITWUH
(Hanpuknag, UMTOTOKCUYHUX T-KNITUH) 3a gonomorow PD-1 npusBoauTb A0 3arubeni 6inbwoi
KiNbKOCTI KITUH NYXMHU. 2. K1uwkoBa Mikpodiopa 3Ha4yHo BN/MBaE Ha edheKTUBHICTb IMyHOTepanii
paky 3a gonomoroto PD-1 (Hanpuknag, dipMikyTu Ta KIoCTpUAii MatoTb NO3UTUBHUI, a BakTepoign
- HeraTuUBHWI BNAMBK). 3. YTIiM, iHri6ITOPN IMYHHUX KOHTPOSIbHUX TOYOK (4epe3 PD-1, PD-L1) €
HOBOIO 11 e(PeKTUBHOI iMyHOTEpani€ NpoTU paKy, HaBiTb Y BUNaAKy MeTacTaTUYHOI MenaHomu. 4.
BiaTtak, nepwosigkpusadi PD-1 i PD-L1 cnpaBeanueo oTpumanu HobenieBcbKky npemito 3 disionorii
um MeamumnHm y 2018 podui.

KnrouoBi cnoBa: 3arnbenb KNiTMH, anonTo3, NnporpamoBaHa 3arnbenb KnituH, T-nimdounTu, pe-
uentop PD-1, niranam PD-1, kNiTUHW NyXAWHK, pak, iMyHOoTepanis, Mikpodiopa KULLKK

** OnpuntogHeHo nig yac SMART LION 2019, 18-20 BepecHsi, JIbBiB
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Reversible and irreversible cell injury (i.e., cell
death), until recently, has been described as
a spontaneous physiologic (e.g., apoptosis)
or pathologic (e.g., necrosis) developments,
without any connection to specific receptors.
Mechanistically, cell membrane injury or
mitochondrial or nuclear membrane damage
(esp., in irreversible cell injury) has been
described - but again, without any connection
to receptors. It was then a surprise to the
research community when the discovery of
programmed (cell) death protein 1 (PD-1),
also known as CD279 (cluster of differentiation
279), was announced in 1992 (1, 2). The
discovery was regarded by many investigators
as just another example of useless basic
science research...

This assessment started to change when PD-1
ligands were discovered, especially after it
has been established that PD-L1, the ligand
on PD-1 is highly expressed on several cancer
cells (2-4). Namely, when PD-L1 on tumor
cells is attached to PD-1 on T-lymphocytes
that normally infiltrate malignant tumors in
attempt to kill the abnormal (cancer) cells, the

Review

lymphocytes become inactive and eventually
die (5, 6). This is a very clever way of cancer
to evade immune surveyance. i.e., the cancer
cells kill the natural killer T-lymphocytes...

(Fig. 1).

The unleashing of the natural immune system
to attack cancer cells have been in the mind
of many biomedical researchers, without much
success. Even my research team (Fig. 2) that
has been focused on the mechanisms of cell
injury and death related to ulcerative and
inflammatory diseases in the gastrointestinal
(GI) tract (7, 8), started to investigate
the possibilities of cancer immunotherapy,
especially for the very aggressive non-small cell
lung carcinoma (9). Nevertheless, our research
has come to an abrupt halt when the project
team leader and relatively young Martin Jadus,
PhD was discovered to have an advanced lower
esophageal carcinoma... Unfortunately, Martin
passed away less than two years after the
initial diagnosis... Because of his rapid demise,
I would like to dedicate this short review article
to the memory of our very creative, focused
investigator Dr. Martin Jadus.

Modulating PD-1 expression on
T lymphocytes

Modulating PD-1 reinvigorates exhausted T cells

Preclinical studies have shown that PD-1 blockade reinvigorates exhausted T cells and
restores their cytotoxic immune function.® Blocking the PD-1 pathway is an important area of
continued research seeking to understand its impact on reversing T-cell exhaustion.

PD-L2 binding to PD-1 contributes to immune inhibition in cancer

PD-L1and PD-L2, the ligands for PD-1, are
expressed on the surface of tumor cells.” These
ligands have overlapping functions in the ability
to inhibit T-cell activity.*?

Current data indicate the presence of PD-L2 in
multiple solid tumors and hematologic
malignancies, including renal cell cancer (RCC),
melanoma, non-small cell lung cancer (NSCLC),
esophageal cancer, pancreatic cancer,
hepatocellular carcinoma, and lymphoma,
suggesting a role for PD-L2 in tumor immune
evasion.™™

https://www.immunooncologyhcp.bmsinformation.com/antitumor-
immunity/pathways/additional-effector-t-cell-pathways

Fig. 1. Modulating PD-1 expression on lynphocytes
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Fig. 2. Sandor Szabo during lecture, Lviv, 19.9.2019

The molecular and cellular mechanisms of
lymphocyte-cancer cell interaction via PD-1
T- lymphocyte function and PD-1 expression
is excellently illustrated in a video that is
extracted and exemplified with four pictures in
Fig. 3 (10). Namely, as T-lymphocytes in the
vicinity of malignant solid or hematological
tumor cells express more and more PD-1, they
become increasingly exhausted and unable to
exert their normal function, i.e., kill the cancer
cells. Furthermore, in addition to increased

Review

expression of PD-1, other inhibitors of immune
functions are also upregulated, essentially
paralyzing the function of killer T-lymphocytes.

The Nobel Prize winners in Physiology or Medicine
in 2018 James P.Allison and Tasuku Honjo (Fig.
4) realized that if we inhibit this interaction
between PD-1 on T-lymphocytes and PD-L1 on
tumor cells, natural killer lymphocytes will be
allowed to exert their normal function, i.e., kill
the invading cancer cells. Hence, the importance
of checkpoint inhibitors and the justly awarded
Nobel Prize for this major discovery (Fig. 4). The
2018 Nobel Prize also illustrates the importance
of basic research that is often considered is
not worth of major financial support. A recent
analysis by Nature makes a strong point about
this, i.e., that 2018 Nobel awards reinforce the
continuous support for basic research - both
intellectually and financially (11).

There is another important cellular element in
the mechanisms of cancer immunotherapy, i.e.,
the antigen presenting cells (Fig. 4). Namely,
although the surface of normal T-lymphocytes
contains many antigen receptors that aim

T- lymphocyte function & PD-1

Activated T cell

Exhausted T cell

expression

PD-1 T-cell exhaustion begins when repeated exposure to tumor antigen steadily increases the
?:\f - activity of PD-1. As uncontrolled PD-1 signaling multiplies, T cells begin to lose their ability to

https://
immunity/pathways/PD 1 -pathway?cid=sem_192657&ovIl=blank

respond.” Over time, exhausted T cells become increasingly disabled, losing essential
functions: the ability to reproduce, fight tumor cells, and finally, survive.™

Tumor-infiltrating T cells across solid tumors and hematologic malignancies display
evidence of exhaustion, including:

- Upregulation of PD-1 and other inhibitors of immune function™

- Decreased production of cytokines, the cell-signaling molecules that help guide the
immune response™

- Impaired ability to kill tumor cells™

ww.immunooncologyhcp.bmsinformation.com/antitumor-

Fig. 3. T-lymphocyte function and PD-1 expression
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Nobel Prize in Medicine, 2018:

Checkpoint inhibitors

CimesDigest

TUESDAY, OCTOBER 2, 2018

FROMTHEPAGESOF Elye New ork Eimes

Nobel Medicine Prize Awarded to Cancer Researchers

Tasuku
Honjo

The Nobel Prize in Physiolo-
gy or Medicine was awarded on
Monday to James P, Allison of the
United States and Tasuku Honjoof
Japan for their work on unleash-
ing the body’s immune system to
attack cancer,abreakthrough that
has led to an entirely new class of
drugs and brought lasting remis-
sions to many patients who had
runout of options.

Their success, which came af-
ter many researchers had given
up on the idea, “brought immuno-

£k

(Keytruda). Others camelater.
Earlier attempts by other re-
searchers to recruit the immune
system tofight cancer sometimes
'worked but more often did not. Al-
lison and Honjo succeeded where
others had failed by deciphering
exactly how cells wereinteracting
sothey couldfine-tune methodsto
control the immune system.
Checkpoint inhibitors do not
work for everyone and they have
monal treatments. A statement  only been approved for some can-
from the Nobel committee hailed  cers. They can have severe side
their asestab- effects, and they are expensive,
lishing “an entirely new principle ~ costingmorethan $100,000a year.
for cancer therapy” But the approach, known as im-
The drugs based on their work munotherapy, hasbecome amain-
belong toaclass called checkpoint
inhibitors, with tongue-twisting
names that have nonetheless be-
come familiar to many patients.
The first ones approved were ip-
ilimumab (Yervoy), nivolumab
(Opdivo) and pembrolizumab

James P.
Allison

ticism,” said Dr. Jedd Wolchok,
a cancer specialist at Memorial
Sloan Kettering Cancer Center
in New York. It has, he said, “led
to human applications that have
affected an untold number of peo-
ple’shealth”
Beforetheirdiscoveries, cancer
treatment consisted of surgery,
radiation, chemotherapy and hor-

Priz

Tasuku Honjo

e share:1/2

A4 rtuEspav, OCTORER 3, 2018 WSCE fos Angclcs Times

The Nobel Prize in Physiology or Medicine 2018
was awarded jointly to James P. Allison and Tasuku
Honjo "for their discovery of cancer therapy by

inhibition of negative immune regulation.”

2 cancer researchers win Nobel Prize

Fig. 4. Public media about the Nobel Prize winners in 2018 James P.Allison and Tasuku Honjo

to recognize foreign proteins, fragments of
infected or cancer cells, killer T-lymphocytes
cannot perform these functions without being
activated by antigen presenting cells (12).
These cells present the T-lymphocytes a cancer
cell antigen, along with a costimulator and then
the killer T cells start looking cells bearing this
pathologic antigen and killing those cells.

Cancer cells are also very ‘shrewd’ and may
avoid destruction by turning on the checkpoint
inhibitor on T-cells that will essentially shut
down, inactivate the killer T-lymphocytes, and
cancer cells can proliferate and the malignant
tumor grow undisturbed (Fig. 5). The new
drugs, known as checkpoint inhibitors, can
block these checkpoints, and then the immune
system is free to destroy cancer cells. It is
estimated that an activated T-call can Kkill
thousands of malignant tumor cells.

Thus, the discovery of PD-1 receptor, its ligands
and the checkpoint inhibitors unleashed our
very powerful immune system to fight not only
infections, but the survival and and proliferation
of malignant tumor cells. This is essentially the
triumph of human mind, ingenuity and basic

17

research over one of the most important medical
problems of the 20" and 21t century. Namely,
with the growth of ageing population, especially
in Europe, Americas and Japan, cancer incidence
increases with age, and we badly needed such a
breakthrough in medical research.

Examples of effectiveness and challenges
of the new cancer immunotherapy

One of the first examples of the clinical efficacy
of checkpoint inhibitors, as related to PD-1
and its ligands came from clinical trials with
one of the deadliest tumors of our times, i.e.,
metastatic malignant melanoma (13). Namely,
the usually small malignant melanoma often
remains undetected on skin surface and very
often patients present with widely metastatic
tumor disease when conventional chemotherapy
and radiation therapy are ineffective and cannot
be used. It's, unfortunately, not surprising that
the 3-year survival of these patients is about
20% and the 5-survival drops to about 10%. In
contrast, metastatic melanoma patients treated
with checkpoint inhibitors the 3-years survival
rates reached 50-60% and many patients
remained free of cancer beyond 5 years. One
of the most publicized cases is the dramatic
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Cancer immunotherapy

checkpoint inhibitors

Attacking Cancer Cells

Doctors are using immunotherapy to help the cells of the immune system recognize and attack cancer cells.

Antigen
receptor

T-CELLS

T-cells are a type of white blood
cell that can identify and kill
infected, damaged or cancerous
cells. Each T-cell has clawlike

Antigen

Co-stimulator

ACTIVATING A T-CELL

The T-cell must be activated
before it can find and attack
cancer cells. A specialized cell
presents the T-cell with an antigen

receptors on its surface that can
recognize and lock onto antigens,
foreign or abnormal protein
fragments on the surface of
infected or cancerous cells.

stimulator protein. The T-cell
begins to hunt down and kill any
cells that are covered with the
same antigen.

Fig. 5. Role of the antigin presinting cells

effectiveness of new cancer immunotherapy is
former USA president Jimmy Carter who was
successfully treated for metastatic melanoma in
2015 and still remains not only healthy, but also
very active 5 years later (14) in his “Habitat for
Humanity” home/house building projects.

Other positive results with checkpoint inhibitors
came from another equally deadly tumor which
is also often diagnosed too late, i.e., nhon-small
cell lung carcinoma (NSCLC), which was also the
subject of our landmark review article with the
late Dr. Martin Jadus (9). The outlook for this
tumor was very dismal, about 10 years ago, but
the new results with the novel forms of cancer
immunotherapy are much more encouraging:
the success rate in these clinical trials reached
60-70%. Furthermore, PD-1 blocked was
effective even in patients with NSCLC who didn’t
respond to other forms of cancer therapy (13).

Renal cell carcinoma (RCC) is also and
frequently diagnosed late, often recognized
just because of the manifestations and signs
of malignant spread, usually to the lungs,
liver and other organs. Namely, RCC is
retroperitoneal in origins and does not even

from a cancer cell, along with a co-

Immune

checkpoint

CANCER AND CHECKPOINTS
Cancer cells can avoid destruction
by taking advantage of a switch on
the T-cell called an immune
checkpoint. The checkpoint can

[l Checkpoint
.
\( inhibitors

CHECKPOINT INHIBITORS

Drugs known as checkpoint
inhibitors can physically block the
checkpoint, which frees the
immune system to attack the

Review

shut down the T-cell and suppress
the immune response, allowing the
cancer to grow undisturbed.

cancer. A single T-cell can kill
thousands of cancer cells.

in the mechanisms of cancer immunotherapy

18

metastasize until it reaches about 2-4 cm in
diameter (based on our clinicopathological
observations). Fortunately, in the early clinical
trials of RCC being treated with checkpoint
inhibitors, the response and survival rates
were also impressive, reaching about 60-80%.

If the reader of this article recognizes that even in
the very promising clinical trials with checkpoint
inhibitors in patients with metastatic melanoma,
or NSCLC or RCC, the success rate never reached
90 or 100% - it's not a coincidence... This is not
only because, despite all the standardizations
in clinical trials, some patients have more
advanced form of disease than others, - but as
it was relatively early recognized, some patients
just didn’t respond or respond poorly, partially
to PD-1 blockade. One of the main reasons
for the no- or poor-response has been the
composition of intestinal microbiota is certain
patients. Two reports, published back-to-back in
the same issue of Science in 2018 revealed that
“gut microbiome modulates response to anti-
PD-1 immunotherapy in melanoma patients”,
and that “commensal microbiome is associated
with anti-PD-1 efficacy in metastatic melanoma
patients” (15, 16) (Fig. 6). The analysis of
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Gut microbiome modulates response to anti-PD-1
immunotherapy in melanoma patients

V. Gopalakrishnan'®", C. N. Spencer’*”, L. Nezi®", A. Reuben', M. C. Andrews’, T. V. Karpinets?, P. A. Prieto'", D. Vicente',..
+See all authors and affiliations

Science 05 Jan 2018:
Vol 359, Issue 6371, pp. 57-103

Faecalibacterium
B Responder MM Non-responder — High abundance

Fumiciuies I Low abuncance
Clostridia INEEEE———
Clostridiales I
uminococcaceae I
Faecali béclellm prausnilzi
Faecalibacterium I
Ruminococcus bromi EEEGEG—
Ruminococcus
Porphyromonas pasteri I
Veilonellaceae EEEG—_—

% Progression-fres

The commensal microbiome is associated with anti
—PD-1 efficacy in metastatic melanoma patients

Vyara Matson', Jessica Fessler'", Riyue Bao’*", Tara Chongsuwat', Yuanyuan Zha', Maria-Luisa Alegre’, Jason J. Luke*,..
+ See all authors and affiliations
Science 05 Jan 2018:

Vol. 359, Issue 6371, pp. 104-108
DOI: 10.1126/sclence.aa03290

Good bacteria help fight cancer

Resident gut bacteria can affect patient responses to cancer immunotherapy (see the
Perspective by Jobin). Routy et al. show that antibiotic consumption is associated with poor
response to immunotherapeutic PD-1 blockade. They profiled samples from patients with lung
and kidney cancers and found that nonresponding patients had low levels of the bacterium
Akkermansia muciniphila. Oral supplementation of the bacteria to antibiotic-treated mice
restored the response to immunotherapy. Matson et al. and Gopalakrishnan et al. studied
melanoma patients receiving PD-1 blockade and found a greater abundance of “good”
bacteria in the guts of responding patients. Nonresponders had an imbalance in gut flora
composition, which correlated with impaired immune cell activity. Thus, maintaining healthy
gut flora could help patients combat cancer.

Science, this issue p. 91, p. 104, p. 97; see also p. 32

559527|Bifidobacteriaceae

Clostridium hungatei EEEEG—— .
Phascolarctobacterium EEE—_—— 200 400
Phascolarctobacterium fascium [EEEG—— Days elapsed
Peptoniphilus I
Unclassified . Bacteroidales
Micracotcaceae .
Mollicutes IEEG—_— . — High abundance
Rothia Low abundance
I Collinsella stercoris
N Desulfovibrio alaskensis
I E:cteroides medilerraneensi
I Frevotella histicola
I Gardnerella vaginalis
I Cardnerella
I C:cteroidetes
I 5 cteroidales
— Bacteroidia

=
s

% Progression-fres
@
g

_ 10'¢ Speaman's p = 0.83 10" Spearman’s p = 0.83

£ P<0.0001 £<0.0001

60 -48 -36 24 -12 0 12 24 35 45 60 200 400
LDA Score Days elapsed

OTU 858527 (168 seaql
OTU 659527 (168 sequencing)

Bifidobacterium longum (qPCR)

Fig. 6. The role of out microbionie on modulation response to anti — PD-1 immunotherapy

gut microbiome I these patients revealed that
some patents wit certain type of bacteria (e.g.,
Firmicutes, Clostridia, Clostridiales) responded
well to anti-PD-1 therapy, while those patients
who had predominantly other bacteria, like
Gardnerella, Bacteroidetes or Bacteroidia didn't
respond to this type of cancer immunotherapy.

These studies essentially demonstrated that
“good bacteria help fight cancer” (15, 16).
Examplesof“goodbacteria”forthis purposebeing
Bifidobacteriaceae and similar bugs that showed
a very strong positive correlation, as reveled by
the Spearman’s correlation coefficients, one of
the strictest statistical analyses, with responders
to cancer immunotherapy. And the influence
gut microbiome on the efficacy of anti-PD-1
therapy is ot limited to malignant melanoma
- it has been also demonstrated with cases of
epithelial tumors, i.e., carcinomas (17).

The clinical trials that demonstrated these
surprising results with the gut microbiome
came from almost accidental observations...
Namely, it was found that some patients treated
with certain antibiotics responded better to
anti-PD-1 therapy than others, implying and

essentially proving that eradication of certain
bacterial special species leads to abundance
of other bacteria. The altered balance of
these gut bacteria may facilitate or blunt the
efficacy of new forms cancer immunotherapy.
Subsequently, this was proven by animal
experiments: fecal microbiota transplantation
(FMT) from nonresponding patients to PD-1
blockade to mice with experimental tumors had
a very poor response to the to the new anti-
PD-1 therapy in these animals (Fig. 6) (18).
On the other hand, FMT from treated patients
who responded to their anti-PD-1 therapy to
mice with experimental cancer, confirmed
that these animals responded very positively
to PD-1 blockade. These basic and clinical
investigations (15-19) were deemed to be so
important that the Science magazine devoted
its front cover illustration to this topic (Fig. 7).

The value of PD-1 pathways cannot be better
summarized than the conclusion of a recent
review article on this topic: “The PD-1/PD-
L1 pathway in cancer is implicated in tumors
escaping immune destruction and is a promising
therapeutic target. The development of anti-
PD-1 and anti-PD-L1 agents marks a new era in

19
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PD-1 expression & the role of gut
microbiota

The intestinal microbiota influences

the efficacy of PD-1 blockade

The enrichm robial taxa in intestines correlates with response
to PD-1 blockade in cancer patients. FMT from responders into tumor-bearing
mice improved responses to anti-PD-1 therapy and correlated with increased
antitumor CD8" T cells in the tumors. Mi ing FMT from nonresponders
did not respond to anti-PD-1 therapy, and tumors had a high density of
immunosuppressive CD4" T cells,

PD-1blockade
NONRESPONDER

PD-1 blockade
RESPONDER

t\r ]
[
N
1Bacteroidales 1 Bifidobacterium
T Akhermansia

1 Faecalibacterium

Tumor

PD-1blockade

Tumor immune
microenvironment ____ ¥

e

> /
. /T CD8" T cells
Antitumor response
EFFECTIVE

CANCER THERAPY

)

Precision medicine using microbiota

Intestinal microbiota influence cancer patient responses to immunotherapy

(Jobin C., Science,
2018, 359, 32-34)

Fig. 7. Cover page of science, 2018, 359

the treatment of cancer with immunotherapies.
Early clinical experience has shown encouraging
activity of these agents in a variety of tumors,
and further results are eagerly awaited from
completed and ongoing studies” (19).

Discussion and conclusions: Translation
medicine at best

Translation medicine is a very popular term
nowadays, often used as ‘lip service’, without
real and deep meaning... However, the story of
the discovery of PD-1 receptor and its ligands as
well as their rapid progression to clinical use are
a really good example of translation medicine.
Initially, investigating the mechanisms of cell
and tissue injury seemed to be an unnecessary
expense doing basic research. The discovery of
PD-1 receptor on lymphocytes was also labelled
as a ‘'so what - one more receptor’... Similar
criticism and ignorance faced the discovery of
PD-1 ligands on cancer cells... These attitudes
suddenly changed when the 2018 Nobel Prize
winners realized that these discoveries can be
exploited in cancer immunotherapy. Hence,
basic research is not an unnecessary expense,
since it often leads to translational medicine
and novel therapeutic interventions. Thus, it
is not surprising that probably the oldest and
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most prestigious scientific journals in the world,
i.e., Nature used this ‘from bench to bedside’
discovery to emphasize the need and stimulate
respect for basic research (11). A very recent
issue of Nature also emphasizes the challenge
of finding good targets in cancer therapy in the
era after the success of anti- PD-1 success,
and calls to attention that “many cancer drugs
aim at the wrong targets” (20), adding that
analysis using CRISPR gene-editing technology
suggests that drugs’ mechanism of action are
often misunderstood.

The other obvious lesson and conclusion is that
basic bench research, at least in biomedical
sciences, needs to be followed up by clinical
investigations, eventually by clinical drug
trials. This is what often referred to as “reduce
to practice” - that is, obviously, not always
possible, as the early years after the PD-1
discovery illustrates. Nevertheless, this is one of
the tenants of obtaining a high recognition, such
as the Lasker award in USA and Nobel prize
in Sweden. In our recent book (21) on the
discovery of biologic stress by Hans Selye and
on why he didn't get the Nobel prize (despite
dozens of nominations), we also listed the three
major requirements needed to get the highest
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recognition in medical sciences: a) original and
creative discovery (i.e., not only following the
next obvious and most likely step or pathway),
b) which preferably should be linked to a new
molecule or microbiol entity (e.g., new virus or
bacterium), and c) the importance and practical
use of the discovery should be proven by the
results of clinical or epidemiologic investigations
(i.e., as it was with the case with checkpoint
inhibitors), not necessarily being performed by
the original basic science investigators.

Besides the originality of initial discovery, the
subsequent clinical investigations may also

Review

provide surprising new, original results, i.e., not
only if the new drug is effective or not. The
case in point is the recognition of the role gut
microbiome in the efficacy of anti-PD-1 therapy,
where - thanks to a few astute clinicians, who
recognized that lack of response to the new
cancer immunotherapy may be due to the fact
that some patients were treated with antibiotics
(presumably for an unrelated infectious disease)
that affected the composition of their bacterial
flora in their guts. This also symbolizes the unity
of basic and applied medical research; one is
not more important than the other and usually,
one cannot success without the other.

Int Immunol,
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