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Anti-inflammatory activity of a short peptide designed for
anti-cancer: a beneficial off-target effect of tertomotide
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Abstract Tertomotide is a peptide vaccine developed for anti-cancer therapy. Since it has been found
to ameliorate inflammatory symptoms in animal studies and clinical test, we investigated
anti-inflammation activity of the tertomotide and the mechanism of action in monocyte in order to
assess if tertomotide may serve as an anti-inflammatory agent by checking inflammatory cytokines
and related signaling pathway following tertomotide treatment. We found that tertomotide reduced
the level of pro-inflammatory cytokines such as TNF-e, IL-18, IL-8 in LPS- or PMA-stimulated
monocyte cell line and suppressed NF-xB signaling including the activation of ERK1/2 and P38
MAPK following TNF-¢ treatment. These results may correlate to the beneficial findings in animal
studies, implicating that tertomotide may act as a potential anti-inflammatory agent. This study is
an exemplary case for convergence that a computationally designed peptide for immunological
purpose exerting unexpected biological activity may elicit novel anti-inflammatory drug.

Key Words : Convergence, Tertomotide, Anti-inflammation, Cytokine, Monocyte, NF-¢B signaling

Q % Tertomotide= FUAE 7NLH HWetol& wiiloltt, T2t SEATT AGATANAN A543 T4l A3t
Bl @Ao] 2A"ER ok o]of tertomotide’t FHEAE F-&5t=A] gRIst7] Y5t AHAQ FALH
I ZE71-E AR ol 98l LPS E+= PMAC 9Jsf €931 monocytedl tertomotided 23 &
954 cytokine AAH TAEH ASAGHAHS TSI Monocyteo| A tertomotiders TNF-e, 1L-18,
L-8 5 934 HOIE7IRIS] AAHe TAAIAI NF-B A8 Z#AIHoH E3F TNF-¢of I3 BRK1/29}
P38 MAPKS] &A43FE AdfstAtt. o] Z3k= tertomotide AA|0] HE FFA] A2}t A3/t NF-£B/STAT3S]
A159] 9} FAedoll 3 Zol2tal AP 4= Sl o]F EEoto] Ayt FE e EEo] 7MeT R
HE ol= AT S4S SR AXSIIH o g AAdE EH9 HESHY 44E &8t 2 FESZ
LESE AT AAI7E E Aolth

ZFHO : 83 Tertomotide, FFEA, WolE7QI, @A (monocyte), NF-xkB Ao HE

"Corresponding Author : Hyosung Lee(hyosunglee@ymail.com)
Received December 5, 2021 Revised December 22, 2021
Accepted January 20, 2022 Published January 28, 2022



102 #=g88stsl=2x 133 H1S

1. Introduction

1.1 Anti—cancer vaccine, tertomotide

Tertomotide is a 16 amino acid-long peptide

derived from human telomerase reverse
transcriptase (hTERT) [1,2]. Tertomotide was
originally developed as a therapeutic vaccine to
treat various cancers such as pancreatic cancer,
melanoma, non-small cell lung cancer, etc.
derived from hTERT and
designed to bind to multiple MHC (Major

Histocompatibility Complex) class 1I and MHC

Tertomotide is

class I molecules. It has been shown that

tertomotide have immunogenic tendencies
activating CD4" (cluster of differentiation 4
positive) and CD8" (cluster of differentiation 8
positive) T cells [1,3]. Meanwhile, this short
peptide exerted an interesting off-target effect
ameliorating symptoms related to inflammation
in clinical studies and in animal studies [2],
suggesting that tertomotide may serve as an

anti-inflammatory agent.
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Fig. 1. Molecular structure of tertomotide hydrochloride

1.2 Anti—inflammatory activity of tertomotide

Since tertomotide has been computationally
designed to be an immunogen to deliver the
information of the peptide sequence to human
immune system (Fig. 1), the anti-inflammatory

property is quiet unexpected. Recent studies have

demonstrated  that  tertomotide  suppresses
inflammatory response in cultured human dental
pulp cells and in primary peripheral blood

mononuclear cells [4,5]. The anti-inflammatory
effects of tertomotide have been investigated

C57BL6/] mice after bilateral ischemia-reperfusion

(IRD), in laser-induced choroidal

neovascularization rat model and in hepatitis

injury
model implying tertomotide definitely correlates
to the inflammatory symptoms [6-8]. In this regard,
we investigated the effects of tertomotide on
inflammatory response in a cultured monocyte cell
line, which is regarded to be the first cell to
encounter the tertomotide upon administration.
In order to evaluate the anti-inflammatory
effects of tertomotide, PMA/LPS-induced THP-1
cell model was exploited as THP-1 is a human
which

-like cells in

monocytic leukemia cell line

differentiates into macrophage
response to the treatment of phorbol esters such
as PMA and increases the inflammatory activity
induced by LPS [9].

Inflammation is known to be closely related
cancer progression. Both the tumor and the
normal  tissue  produce  pro-inflammation
cytokines which cause a complex cascade of
biological responses leading to cachexia [11,12].

However, the cancer-related inflammation is not

supposed to be directly affected, since the
administration route of tertomotide as a
anti-cancer vaccine is intradermal injection.

the

tertomotide has been intensively investigated in

Nonetheless, anti-inflammatory effect of

various disease models due to the findings in

clinical studies over decade highlighting the
potency of tertomotide as a anti-inflammatory
agent. In this context, we investigated the

anti-inflammatory effects of tertomotide in TNF-

@ induced cancer cell lines.

2. Materials & methods

2.1 Quantitative RT-PCR measurements

Total RNAs were extracted and purified by
RNeasy Mini Kit (Qiagen, Hilden, Germany).
First-strand ¢DNAs were synthesized from total

RNAs using the Reverse Transcription System
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USA).
relationship between

To

cycle

Madison, Winsconsin,

the

number (C) and mRNA levels, primers were

(Promega,

determine

calibrated using serial dilutions of ¢cDNA and
RT-PCRs
performed with an CFX96 Real-Time System
(Bio-Rad) using the RT®> SYBR Green qPCR
Mastermix kit (Qiagen) as described by the

genomic DNA. Quantitative were

manufacturer (Qiagen) in a total volume of 25 u
L. The relative expressions were analyzed by
CFX Manager™ Software V3.0 using the 44C;
method, and an average of the expression of the
reference gene, #-actin, was used as control for
template levels. Each experiment was performed
in triplicate.

2.2 Cell viability assay

To evaluate the effect of tertomotide on cell
growth, cell viability was analyzed using the Cell
Counting Kit-8 (Dojindo, Kumamoto, Japan).

Briefly, cells were seeded in 96-well plate 2 ~ 5
x 10% cells/well) overnight. Then, the cells were
varying of
tertomotide (0.001 ~ 100 #M). After incubation
for the indicated time, 10 gL of kit reagent, to
added WST-8 (water-soluble
tetrazolium-8) and the plate was incubated for 2

incubated with concentration

each well was
hours at 37 °C. The absorbance at 450 nm was
using Synergy 2  Multi-Mode
Microplate Reader (BioTek, Winooski, VT, USA).

measured

2.3 Cytokines secretion assay

Cytokines were measured in supernatant
using ELISA method as described by the
manufacturer (R&D Systems, Minneapolis, MN,
USA). The Quantikine Immunoassay Human IL-1
B and SixPak Human TNF-e¢ kits were used
(R&D Systems). Finally, wells were measured and
analyzed at 450 nm using Synergy 2 Multi-Mode
Microplate Reader (BioTek).
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Fig. 2. Tertomotide (Pep) reduces mRNA levels of pro-inflammatory cytokines in activated THP-1 cells.
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2.4 NF-kB Nuclear translocalization studies by
confocal microscopy

THP-1 cells (ATCC, Manassas, VA, USA) were
seeded in 8-well Lab-Tek II Chambers (NUNC,
ThermoFisher Scientific, Waltham, MA, USA) and
cultured to 70% confluence. After stimulation for 20
hours with 100 ng/mL PMA (Phorbol-12-myristate
-13-acetate, Sigmaaldirich, Burlington, MA, USA),
cells were pre-treated with 10 nM tertomotide for 2
hours. Following treatment with 50 ng/mL of
Recombinant Human TNF-¢ (R&D systems) for 20
minutes or 1 pg/ul. LPS (lipo-polysaccharides,
Sigmaaldirich, Burlington, MA, USA) for 30
minutes, the cells treated with cold
Phosphate-buffered saline (PBS) for 1 minute,
then fixed in 4% cold formaldehyde in PBS for 5

minutes [13].

were

After fixation, the cells were
blocked and permeabilized in 5% normal goat
serum (with 0.1 % Triton X-100) for 2 hours RT,
and then incubated with anti-NF-¢B (p65,
phosphorylated P65 or p50) antibodies (Santa
Cruz Biotechnology, Dallas, TX, USA) overnight
at 4 °C, followed by washing and incubation
with Alexa Flour 647 goat anti-mouse IgG (H+L)
(invitrogen, Carlsbad, CA, USA) or Alexa Fluor
555 goat anti-rabbit IgG (H+L) (invitrogen) for 1
hour at room temperature. Finally, after washing
4 times with PBS, specimens were mounted and
stained on coverslips by SlowFade® Gold
with DAPI (4',6-diamidino

-2-phenylindole) (Invitrogen). Images were taken

antifade reagent
by using Olympus FV1000 Confocal Microscopy
(Olympus, Tokyo, Japan).

2.5 Transcription Factors Activity Analyses by
Western Blotting
2.0x10° THP-1 cells were seeded in 100 mm
dish then stimulated for 20 hours with 100
ng/mL PMA. THP-1 cells were pre-treated with O
~ 10 M tertomotide for 2 hours [13]. Following
the treatment with 50 ng/mL of Recombinant

Human TNF-e for 20 minutes, the dishes were
washed with ice-cold PBS twice and were frozen
in liquid nitrogen immediately. The frozen cells
were lysed in RPIA lysis buffer (ThermoFisher
Scientific) which Mini
EDTA-free Protease Inhibitor and phosphatase
inhibitor Cocktail Tablets (Roche). The lysates
were clarified at 4 °C by centrifugation at 12,000

contains Complete

rpm  for 5 minutes, and the protein
concentrations were determined using Bio-Rad
(Bio-Rad, Munich,
Germany). 20 pg per well protein were first
loaded in Novex 4-20% Tris-Glycine Gel

(invitrogen) and separated by XCell SureLock

Protein Assay Reagent

Mini-Cell (invitrogen) and then transferred to
iBlot Gel Transfer Stacks PVDF membrane
(invitrogen) by iBlot Dry Blotting System
(Invitrogen). The membranes were blocked with
5% milk in TBST for 1 hour, incubated overnight
with primary antibodies (all primary antibodies
were purchased from Cell Signaling Technology,
Danvers, MA, USA), and then probed for 1 hour
with horseradish ~ peroxidase-
anti-mouse or anti-rabbit IgG
(Invitrogen).  After washing  with
Tris-buffered saline with Tween 20 (TBST,

Sigmaaldirich), the target proteins were detected

secondary
conjugated

extensive

on the membranes by ECL™ Prime Western
(GE Healthcare,
Chicago, IL, USA). Images were taken by using
Gel Logic 4000 Pro (Carestream, Rochester, NY,
USA).

Blotting Detection Reagent

2.6 Statistical analysis

Data represent the mean + Standard
Deviation at least three independent
experiments. Statistical significance was

determined by Student's t-test. The P value less
than 0.05 was to be
significant, and labeled as “*".

deemed statistically
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3. Result

3.1 Tertomotide reduces mMRNA levels of
pro-inflammatory cytokines in LPS-induced
THP-1 cells
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Fig. 3. Tertomotide (Pep) suppresses secretion of
proinflammatory cytokines in LPS induced
THP-1 cell lines.

3.2 Tertomotide suppresses the secretion of
pro-inflammatory cytokines

To examine the anti-inflammatory effect of
tertomotide on protein levels, the secretion of
pro-inflammatory cytokines were measured via
ELISA. For macrophage model, THP-1 cells were
stimulated by 100 ng/mL PMA for 20 hours, and
10 ng/mL LPS and
tertomotide of varying concentration [13]. ELISA

then co-treated with

was performed after 4 hours. Data shows that 1
nM tertomotide is sufficient to significantly
TNF-a 0.1 uM
tertomotide exhibits the biggest inhibition rate.

suppress secretion whereas

Reversely, secretion of TNF-¢ was increased
over the dose of 10 #M tertomotide (Figure 3(a)).
This pattern was observed in IL-14 and IL-8's
ELISA data as well (Figure 3(b) and (c)).

3.3 Tertomotide Does not Affect Proliferation
and Viability of THP-1 Cell Lines

Tertomotide was treated in a various
concentration (1 nM ~ 100 ¢M) to determine the
cytotoxicity. There is no noticeable effect on
THP-1 cell lines even with 100 M tertomotide

within 5 days incubation (data not shown).

3.4 Tertomotide inhibits nuclear translocation
of NF-xB complex

Tertomotide appeared to inhibit the nuclear
translocation of NF-4B P65 in confocal studies.
In these tests, NF-x¢B activity was induced by
two independent activators, TNF-¢ and LPS to
cross confirm the result. Since the cytokine level
higher

tertomotide was

of appeared to be increased at
10 nM of
adopted for this test to rule out the possibility

concentrations,

that locally high concentration of tertomotide
might interfere with normal cellular response.
Results show that 10 nM tertomotide (Pep) would
be sufficient to suppress nuclear translocation of
phosphorylated P65 which was induced by
either TNF-e or LPS. Furthermore, the signal of
both P65 and phosphorylated P65 in TNF-e or
LPS stimulated cells was stronger than that in
tertomotide co-treated cells (Figure 4(a), (b)).

3.5 Tertomotide Inhibits NF-«xB, P38 MPAK
and ERK signaling pathways

The phosphorylation of NF-¢kB P65 was

demonstrated to be 10 nM

tertomotide (Pep) treatment (Figure 4(a), (b)). To

reduced by

confirm this result, Western Blot analysis was
performed in the presence of tertomotide in

various concentrations. Besides, we investigated
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whether or not other signaling molecules are
also affected by tertomotide treatment. Thus,
P38 MAPK (mitogen-activated protein kinase)
and extracellular signal-regulated kinase (ERK
1/2) were also tested in the same manner.
Tertomotide turned out to suppress the
phosphorylations of NF-£B P65, P105 (P50), P38
MAPK and ERK 1/2 (Figure 5). The
phosphorylations of NF-£B P65, P105 (P50) were
suppressed in a dose dependent manner up to
100 nM, while the
phosphorylation of P38 MAPK was suppressed at

the concentration of

the concentration range between 1 nM and 1 g
M. In addition, the phosphorylation of ERK 1/2
appeared to be suppressed in a dose dependent

manner in tested concentrations.

(a) Cml LPS

LPS + Pep () cul TNF-a

Tertomotide (Pep) inhibits nuclear
translocation of both P65 and
phosphorylated P65 in LPS or TNF-«
stimulated THP-1 cells.

4. Discussion

Tertomotide has been originally developed as
a therapeutic vaccine peptide based on hTERT,
and undergone clinical test to treat various
cancers [1-3,14]. Hence, this peptide has been
which

peptidyl

validated as immunogenic material

delivers the information on the

sequence to immune system. However, the
unexpected off-target effect on inflammatory

symptoms prompted us to further investigation.
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Fig. 5. Tertomotide (Pep) inhibits phosphorylation
of NF-xB, P38 MPAK and ERK on THP-1
cells.

In this study, tertomotide demonstrated to
inhibits the production of pro-inflammation
cytokines in activated monocyte cell line
(THP-1). Next, we investigated the impact on
NF-kB signaling as NF-¢B is a pivotal regulator
types
Tertomotide exerted a suppressive effect on NF-

in inflammation in most of cells.

kB signaling pathway. The confocal study

demonstrated that tertomotide dramatically
reduced the nuclear translocalization of P65,
which is a critical event for signaling as
concomitantly found in previous studies by
others [4-8]. Tertomotide consequently turned
out to reduce the production of inflammatory
cytokine via reducing the phosphorylation of
NF-«B P105 and P65. The tertomotide-mediated
anti-inflammatory activity is demonstrated to be
associated with reduced phosphorylation of
MAPKs including ERK1/2 and p38 MAPK. Since
this signaling is responsible for blocking the
formation of reactive oxygen species, the effect
of tertomotide appears to be exerted in a similar
route as it is known to be a common action for
anti-inflammatory agents as supported by
previous report [15].

Taken

attenuation of

together, we concluded that the

inflammatory symptoms by
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tertomotide may be achieved via blocking NF-x

B signaling resulting in reductions in related

cytokines. However, peptides tends to aggregate

at high concentration causing adverse effects
due to the amphiphillic nature [16]. Arbeit that

the detailed mechanism of action at molecular

level is still unclear and the dose control is

tricky, it is suggested to subject tertomotide to

therapeutic applications.

(11

REFERENCES

N. Relitti et al. (2020). Telomerase-based cancer
therapeutics: A review on their clinical trials.
Current Topics in Medicinal Chemistry, 20(6),
433-457.

Y. H. Park et al. (2019). GV1001 inhibits cell
viability and induces apoptosis in castration-
resistant prostate cancer cells through the
AKT/NF-kappaB/VEGF  pathway. Journal of
Cancer. 10(25), 6269-6277.

V. E. Shaw et al. (2010). Current status of GV1001
and other telomerase vaccination strategies in the
treatment of cancer. Expert Review of Vaccines,
9(9), 1007-16.

J. Choi et al. (2015). The anti-inflammatory effect
of GV1001 mediated by the down regulation of
ENO1-induced pro-inflammatory cytokine
production. Immune Network, 15(6). 291-303.

Y. J. Ko et al. 2015). The anti-inflammatory effect
of human telomerase-derived peptide on P.
gingivalis lipopolysaccharide-induced inflammatory
cytokine production and its mechanism in human
dental pulp cells. Mediators of Inflammation,
2015(385127), 1-8.

T. Y. Koo et al. (2014). Protective effect of
peptide GV1001 against renal ischemia-
reperfusion  injury in  mice.  Transplant
Proceedings. 46(4), 1117-22.

E. K. Lee et al. (2020). A telomerase-derived
peptide vaccine inhibits laser-induced choroidal
neovascularization in a rat model. Translational
Research. 216, 30-42.

Y. M. Choi et al. (2020). A telomerase-derived
peptide exerts an anti-hepatitis B virus effect via
mitochondrial DNA stress-dependent type I
interferon production. Frontiers in Immunology.
11(652),

(9]

0| & M(Hyosung Lee)

DOI : 10.3389/fimmu.2020.00652

J. Auwerx et al. (1991). The human leukemia cell
line, THP-1: a multifacetted model for the study of
monocyte-macrophage differentiation. Experientia,

47(1), 22-31.

Y. Zhang et al. (2019). Therapeutic approaches in
mitochondrial dysfunction, inflammation, and
autophagy in uremic cachexia: role of aerobic
exercise. Mediators in Inflammations,
2019(2879014), 1-11.

C. Madeddu, A. Maccio & G. Mantovani. (2012).
Multitargeted treatment of cancer cachexia.
Critical Reviews in Oncogenesis, 17(3), 305-14.

C. Staff et al. (2014). Telomerase (GV1001)
vaccination together with gemcitabine in
advanced pancreatic cancer patients.
International Journal of Oncology, 45(3),
1293-303.

W. Chanput, J. J. Mes & H. J. Wichers. (2014).
THP-1 cell line: an in vitro cell model for immune
modulation approach. International Immuno
pharmacology, 23(1). 37-45.

N. E. Annels et al (2014). The effects of
gemcitabine and capecitabine combination
chemotherapy and of low-dose adjuvant GM-CSF
on the levels of myeloid-derived suppressor cells
in patients with advanced pancreatic cancer.
Cancer Immunololgy and Immunotherapy, 63(2),
175-83.

C. C. Hsu et al. (2013). Yuwen02f1 suppresses
LPS-induced endotoxemia and adjuvant-induced
arthritis primarily through blockade of ROS
formation, NF-4kB and MAPK activation.
Biochemical Pharmacology. 85(3), 385-95.

K. L. Zapadka. (2017). Factors affecting the
physical stability (aggregation) of peptide
therapeutics. Interface focus. 7(G). 20170030.

(822

- 20004 29 : AAMdiEke AEEelat
(B3, B

- 20109 59 : A7k e
SEEEOE A

- 20154 3% ~ A : Addista Ak
Fohat w4

- PR SRRl oA, SRMEESt

- E-mail : hyosunglee@ymail.com



