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GV1001 is a peptide derived from the human telomerase 
reverse transcriptase (hTERT) sequence that is reported to 
have anti-cancer and anti-inflammatory effects. Enolase1 
(ENO1) is a glycolytic enzyme, and stimulation of this en-
zyme induces high levels of pro-inflammatory cytokines 
from concanavalin A (Con A)-activated peripheral blood 
mononuclear cells (PBMCs) and ENO1-expressing mono-
cytes in healthy subjects, as well as from macrophages in 
rheumatoid arthritis (RA) patients. Therefore, this study 
investigated whether GV1001 downregulates ENO1-in-
duced pro-inflammatory cytokines as an anti-inflamma-
tory peptide. The results showed that GV1001 does not af-
fect the expression of ENO1 in either Con A-activated 
PBMCs or RA PBMCs. However, ENO1 stimulation in-
creased the production of pro-inflammatory cytokines such 
as tumor necrosis factor (TNF)-α, interleukin (IL)-1β, 
and IL-6, and these cytokines were downregulated by pre- 
treatment with GV1001. Moreover, p38 mitogen-activated 
protein kinase (MAPK) and nuclear factor (NF)-κB were 
activated when ENO1, on the surface of Con A-activated 

PBMCs and RA PBMCs, was stimulated, and they were 
successfully suppressed by pre-treatment with GV1001. 
These results suggest that GV1001 may be an effective an-
ti-inflammatory peptide that downregulates the production 
of pro-inflammatory cytokines through the suppression of 
p38 MAPK and NF-κB activation following ENO1 sti-
mulation.
[Immune Network 2015;15(6):291-303]
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INTRODUCTION

GV1001 is a 16-amino acid peptide vaccine derived from 
the human telomerase reverse transcriptase (hTERT) se-
quence. It was developed as an anti-cancer agent to treat 
advanced pancreatic cancer, non-small lung cancer, mela-
noma, and other cancers (1-5). Recent studies have re-
ported that GV1001 penetrates cell membranes by binding 
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with heat shock proteins (HSPs) and accumulates in the 
cytoplasm (6). Additionally, this peptide protects against 
renal ischemia reperfusion injury (IRI) in mice by reducing 
acute inflammatory responses and decreasing the propor-
tion of apoptotic cells that can cause renal injury (7). Al-
though GV1001 has been shown to be safe in several 
phase I/II clinical trials in cancer patients (8), the mecha-
nism of action as an anti-inflammatory agent has not been 
completely elucidated. 
  Enolase (ENO) is a glycolytic enzyme that degrades 2- 
phosphoglycerate to 2-phosphoenolpyruvate. It consists of 
three isoforms depending on its location; α-enolase (ENO1) 
is expressed in most tissues while β-enolase (ENO3) is 
found in muscles and γ-enolase (ENO2) is found in the 
brain. ENO1 is ubiquitous in the cytosol in normal con-
ditions; however, it is expressed on cell surfaces in patho-
logical conditions like inflammation and cancer. Surface 
ENO1 acts as a plasminogen-binding receptor (9-11), which 
promotes plasminogen-mediated recruitment of monocytes 
that induce acute inflammation in the lung. Pneumonia pa-
tients exhibit elevated levels of ENO1 on the surface of 
PBMCs and have intense ENO1 staining of mononuclear 
cells in the alveolar compartment (12). Many studies have 
reported that ENO1 expression increases on cell surfaces 
in response to various stimuli, and that ENO1 is involved 
in many aspects of an inflammatory response. Lipopolysac-
charide (LPS) stimulation increased the translocation of 
ENO1 from the cytosol to the cell surface in primary mono-
cytes and the human monocytic cell line U937 (12). The 
stimulation of ENO1 on hematopoietic cells, such as neu-
trophils, lymphocytes, and monocytes, with phorbol myr-
istate acetate (PMA) increased the cells’ capacities to gen-
erate plasmin (13,14). In our previous study, Con A stim-
ulation increased the expression of ENO1 on the surface 
of PBMCs and consequently increased the production of 
pro-inflammatory cytokines (15). The inflammatory res-
ponse in Con A-activated PBMCs by ENO1 stimulation 
is recognized as similar to the response in PBMCs from 
rheumatoid arthritis (RA) patients. There are many reports 
that ENO1 antibodies play pathogenic roles in a variety 
of autoimmune and inflammatory diseases, such as systemic 
lupus erythematous, systemic sclerosis, Behcet's disease, ul-
cerative colitis, Crohn’s disease, retinopathy, and RA 
(16-18). RA is a representative autoimmune disease that 
includes synovial inflammation, pannus formation, and sub-
sequent bone destruction (19-25). Many cell types, such 

as monocytes and macrophages, infiltrate into the inflamed 
sub-synovium, and play key pathophysiological roles in RA 
(26-28). Furthermore, these cells lead to continuous in-
flammation and exacerbate symptoms by upregulating the 
production of prostaglandin E2 (PGE2) and several cyto-
kines, such as TNF-α, IL-1, IL-6, and interferon (IFN)-γ 
(15,29). This means that ENO1 exacerbates RA pathology 
(9). The expression of ENO1 on the surface of monocytes 
and macrophages in RA patients is higher than the ex-
pression in healthy controls. Higher ENO1 expression on 
RA PBMCs is correlated with the production of pro-in-
flammatory cytokines, mediated by the p38 MAPK and NF-
κB pathways (15).
  In the present study, we investigated whether GV1001 
has an anti-inflammatory effect on an ENO1-induced in-
flammatory response, in terms of the down-regulation of 
pro-inflammatory cytokine production and its related me-
chanisms. We found that GV1001 down-regulates ENO1- 
induced TNF-α, IL-1, and IL-6 production from Con A- 
activated PBMCs and PBMCs from the patients with rheu-
matoid arthritis (RA) via the regulation of p38 MAPK and 
NF-κB activation.

MATERIALS AND METHODS

Preparation of anti-ENO1 monoclonal antibody (mAb)
Anti-ENO1 mAb was separated and purified from the as-
cites of mice inoculated with F6 (a hybridoma-producing 
anti-ENO1 mAb) using a protein A column (Pierce, Grand 
Island, NY, USA). Ascitic fluid was diluted 1:1 with Pro-
tein A IgG Binding Buffer (Pierce, Grand Island, NY, USA) 
and centrifuged at 10,000 g for 20 min. After filtration 
with a 0.22-μm syringe filter, the diluted ascetic fluid was 
applied to the column and allowed to flow completely into 
the resin bed. Then, the column was flushed with 15 ml 
of binding buffer and 5 ml of elution buffer (Pierce, Grand 
Island, NY, USA) to elute antibodies. The concentration 
of separated antibodies was measured by bicinchoninic acid 
(BCA) assay. For the flow cytometric analysis, anti-ENO1 
mAb was labeled with fluorescein isothiocyanate (FITC) 
using a FluroTagTM FITC conjugation kit (Sigma-Aldrich, 
St. Louis, MO, USA), and then FITC-conjugated an-
ti-ENO1 mAb was diluted with PBS (1 mg/ml) and stored 
at 4oC.



Anti-inflammatory Role of GV1001 on ENO-1 Induced Inflammation
Jiyea Choi, et al.

IMMUNE NETWORK Vol. 15, No. 6: 291-303, December, 2015 293

Isolation of peripheral blood mononuclear cells (PBMCs) 
and concanavalin A (Con A) stimulation
Heparinized peripheral blood was obtained from healthy 
volunteers and RA patients under a protocol (#1506-029- 
678) approved by the Institutional Review Board (IRB) of 
Seoul National University Hospital. Blood was mixed with 
an equal volume of phosphate buffered saline (PBS), and 
then PBMCs were isolated by density gradient centrifuge 
using Ficoll-Paque PLUS (Amersham Pharmacia Biotech, 
Piscataway, NJ, USA). After centrifugation, the buffy coat 
was collected and washed twice with PBS. Red blood cells 
(RBCs) were lysed with RBC lysis buffer (Sigma, St. 
Louis, MO, USA) by shaking for 5 min at 37oC. After cells 
were washed with PBS twice, the cells were counted and 
cell purity was examined by flow cytometry. To induce 
ENO1 expression on the surface of PBMCs, isolated 
PBMCs were stimulated with Con A (2 μg/ml) and then 
cultured in complete RPMI1640 (Welgene, Korea) media 
containing 10% heat inactivated fetal bovine serum (GE 
Health care Hyclone, UT, USA) and antibiotics (100 U/ml 
of penicillin and 100 μg/ml streptomycin; Welgene, Korea) 
for 24 h. After Con A stimulation, PBMCs were washed 
with PBS twice and re-suspended in complete RPMI1640.

GV1001 treatment and ENO1 stimulation 
GV1001 was provided by KAEL-GemVax (Seongnam, 
Korea). GV1001 was dissolved in PBS for a 10 mM final 
concentration. After Con A-activated PBMCs and RA 
PBMCs (4×106/ml) were pre-treated with GV1001 (100 μM) 
for 1 h at room temperature with gentle rotation, cells were 
stimulated with anti-ENO1 mAb (1 mg/ml) for 1 h at room 
temperature with gentle rotation. MOPC21 (1 mg/ml; 
Sigma-Aldrich) was used as an isotype control. After ENO1 
stimulation, cells were seeded onto 24-well plates and in-
cubated at 37oC in a humidified incubator with 5% CO2.

Flow cytometriy analysis 
PBMCs (1×105 cells/each group) were re-suspended in 
PBS containing 0.5% BSA and 0.1% sodium azide (FACS 
buffer). After PBMCs were stained with FITC-conjugated 
anti-ENO1 mAb or the isotype control (BD Bioscience, 
San Jose, CA, USA) for 30 min at 4oC, cells were also 
stained with PE-conjugated anti-human CD69, CD25, 
CD3, CD14 antibodies (BD Biosciences) or the isotype 
control (Sigma-Aldrich). After washing with FACS buffer, 
ENO1 surface expression was analyzed by a FACS Calibur 

flow cytometer and FlowJo software (BD Biosciences). At 
least 10,000 cells were analyzed per condition. 

Enzyme-linked immunosorbent assay (ELISA) 
After GV1001 pre-treatment and ENO1 stimulation, Con 
A-activated PBMCs were incubated for 48 h and RA 
PBMCs were incubated for 12 h. To identify the GV1001- 
related mechanism of cytokine expression, the specific in-
hibitors for p38 mitogen-activated protein kinase (MAPK) 
and nuclear factor κB (NF-κB) inhibitors, SB203580 and 
Bay11-7082, respectably, were purchased from Sigma. 
SB203580 (40 μM), Bay11-7082 (2.5 μM), GV1001 (100 
μM), and dimethylsulfoxide(DMSO; vehicle control) were 
used to pre-treat PBMCs for 1 h, and then PBMCs were 
stimulated with anti-ENO1 mAb for 1 h. These cells were 
incubated for an additional 48 h and then supernatant was 
collected for ELISA. The levels of TNF-α, IL-1β (Biole-
gend, San Diego, CA, USA) and IL-6 (R&D systems, 
Minneapolis, MN, USA) in the supernatant were measured 
using specific ELISA kits according to the manufacturer's 
instructions. The relative absorbances were measured at 450 
nm using SoftmaxPro software (Molecular Devices, Sunny-
vale, CA, USA). 

Immunoblotting 
Cells (1×106) were lysed with lysis buffer containing 50 
mM Tris-HCl (pH 7.4), 1% NP-40, 0.25% sodium deoxy-
cholate, 150 mM NaCl, 1 mM EDTA, a protease inhibitor 
cocktail, and a phosphatase inhibitor cocktail (Sigma- 
Aldrich). The protein concentration was measured by BCA 
assay. Protein (10 μg/sample) from the lysed cells was 
separated by 10% SDS-PAGE for 4 h, and transferred onto 
a nitrocellulose membrane for 1 h. After blocking with 5% 
nonfat milk in PBS containing 0.05% Tween 20 (PBS-T) 
for 1 h at room temperature, the membrane was incubated 
with primary Ab at 4oC overnight. Primary Abs for phos-
pho- p38 MAPK (1:500; Cell Signaling, Danvers, MA, 
USA), p38 MAPK (1:1000; Santa Cruz, Dallas, TX, USA), 
phospho-p65 (1:500; Santa Cruz), p65 (1:1000; Santa 
Cruz), and β-actin (1:5000; Sigma) were diluted with 1% 
nonfat milk in PBS-T. After washing 3 times (5 min/each) 
with PBS-T, the membrane was incubated with horseradish 
peroxidase (HRP)-conjugated anti-rabbit IgG (1:5000; Cell 
Signaling) against phospho-p38 MAPK, p38 MAPK, phos-
pho-p65 NF-κB, and p65 NF-κB, and mouse HRP-con-
jugated anti-mouse IgG (1:5000; Cell Signaling) against 
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Figure 1. The effect of GV1001 
on the increase in ENO1 expres-
sion following Con A stimula-
tion. Con A-stimulated PBMCs 
were stained with (A) FITC-con-
jugated anti-ENO1 mAb. FITC- 
conjugated MOPC21 were used 
as the isotype controls. (B) 
PBMCs (1×106/ml) were pre- 
treated with GV1001 (100 μM) 
or vehicle for 1 h and then cul-
tured in the presence or absence 
of Con A (2 μg/ml) for 24 h. 
Then, the cells of each group were 
harvested, washed with PBS, and 
incubated for another 48 h. (C) 
PBMCs (1×106/ml) were stimu-
lated with Con A (2 μg/ml) or 
vehicle for 24 h. Next, the cells 
were washed with PBS, treated 
with GV1001 (100 μM) for 1 h, 
and then incubated for another 
48 h. ENO1 expression in these 
groups was analyzed by flow 
cytometry.

β-actin for 1 h at RT. The membrane was then washed 
3 times (5 min/each) with PBST and EZ-Western Lumi 
La (Dogen, Daeill, Korea) solution was loaded to detect 
the signal. The density of bands was analyzed using Ima-
geJ software (NIH, Bethesda, MD, USA). Results were ex-
pressed the relative intensities of each band adjusted to 
that of p38 MAPK or p65 NF-κB.

Statistical analysis 
Data are presented as the mean±standard deviation (SD). 
Newman-Keuls ANOVA was use to compared groups. 
Statistical significance was determined using GraphPad In-
Stat version 5.01 (GraphPad Software, La Jolla, CA, USA).

RESULTS

GV1001 does not affect ENO1 induction of PBMCs by 
Con A stimulation
ENO1 is rarely expressed on the surface of inactivated 
PBMCs in healthy volunteers. However, Con A stimula-

tion for 24 h increased ENO1 expression on PBMCs (Fig. 
1A). In our previous study, the major immune cell pop-
ulation that expressed ENO1 by Con A stimulation are T 
cells and monocytes (15). We observed that ENO1 was ex-
pressed on T cells and monocytes in Con A-activated 
PBMCs (data not shown). Next, whether GV1001 could 
change Con A-induced ENO1 expression on the surface 
of PBMCs was investigated. After cells were treated with 
GV1001, before or after Con A stimulation, changes in the 
expression of ENO1 on cell surfaces were analyzed by 
flow cytometry. From the results, no remarkable changes 
in ENO1 expression between pre- and post-treatment with 
GV1001 (Fig. 1B and C) were found. Therefore, GV1001 
does not affect Con A-induced ENO1 expression on the 
surface of PBMCs.

GV1001 decreases the ENO1-induced production of 
TNF-α, IL-1β, and IL-6 
ENO1 stimulation is known to induce inflammation by in-
creasing the production of pro-inflammatory cytokines (15). 
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Figure 2. The inhibitory effect of GV1001 on 
ENO1-induced pro-inflammatory cytokine pro-
duction in Con A-activated PBMCs. Activated 
PBMCs were pre- treated with GV1001 (100 μ
M) for 1 h and then stimulated with anti-ENO1 
mAb (1 μg) for 1 h. MOPC21 was used as an 
isotype control. Stimulated PBMCs were cultured 
in a 24-well plate (1×106/ml) for another 48 h. The 
culture supernatant of the stimulated PBMCs was 
collected, and (A) TNF-α, (B) IL-1β, and (C) 
IL-6 levels were measured by ELISA. Data are 
presented as the means±SD. *p＜0.05, **p＜0.01, 
***p＜0.001.

A recent report showed that GV1001 administration re-
duced the infiltration of macrophages in renal IRI in mice, 
and it suppressed the production of IL-6 and monocyte che-
motactic protein (MCP)-1 (7). Thus, we examined whether 
the level of pro-inflammatory cytokines was increased by 
ENO1 stimulation with anti-ENO1 mAb, and whether 
GV1001 could suppress the production of pro-inflamma-
tory cytokines in Con A-activated PBMCs following ENO1 
stimulation. PBMCs were pre-treated with GV1001 for 1 
h, and then the cells were simulated with anti-ENO1 mAb 
for another 1 h. After the cells were incubated for another 
48 h, the levels of pro-inflammatory cytokines TNF-α, IL-1
β, and IL-6 were measured in the cell culture supernatants. 
When ENO1-expressing PBMCs were stimulated with an-
ti-ENO1 mAb, the levels of TNF-α (anti-ENO1 Ab (617.6.1± 
7.7 pg/ml) vs. control (72.4±9.07 pg/ml) (p＜0.001), IL-1β 
(anti-ENO1 Ab (3872.2±75.7 pg/ml) vs. control (3427.0± 
66.2 pg/ml) (p＜0.01), and IL-6 (anti-ENO1 Ab (50.66± 
1.39 ng/ml) vs. control (32.77±0.72 ng/ml) (p＜0.001) were 

dramatically increased (Fig. 2A-C). However, they were 
considerably reduced (TNF-α: GV1001＋anti-ENO1 Ab 
(496.2±51.9 pg/ml) vs. anti-ENO1 Ab (617.6±7.7 pg/ml) 
(p＜0.05); IL-1β: GV1001＋anti-ENO1 Ab (3578.0±122.0 
pg/ml) vs. anti-ENO1 Ab (3872.2±75.7 pg/ml) (p＜0.05); 
and IL-6: GV1001＋anti-ENO1 Ab (43.96±1.25 ng/ml) vs. 
anti-ENO1 Ab (50.66±1.39 ng/ml) (p＜0.01) by the pre- 
with GV1001 treatment (Fig. 2A-C). These results suggest 
that GV1001 suppresses the production of pro-inflamma-
tory cytokines produced from Con A-activated PBMCs fol-
lowing ENO1 stimulation. 

GV1001 suppresses the activation of p38 MAPK and 
NF-κB in Con A-activated PBMCs
Because GV1001 suppressed the ENO1-induced production 
of TNF-α, IL-1β, and IL-6, as shown in Fig. 2, the signaling 
mechanism related to this suppression was examined next. 
Recently, we reported that ENO1 stimulation enhances the 
production of pro-inflammatory mediators through the acti-



Anti-inflammatory Role of GV1001 on ENO-1 Induced Inflammation
Jiyea Choi, et al. 

IMMUNE NETWORK Vol. 15, No. 6: 291-303, December, 2015296

Figure 3. The regulation of p38 MAPK and NF-κ
B activation by treatment with GV1001. Con A- 
activated PBMCs were pre-treated with GV1001 
(100 μM), DMSO (vehicle), SB203580 (40 μM), 
and Bay11-7082 (2.5 μM) for 1 h and then 
stimulated with anti-ENO1 mAb for 1 h. After 
incubating for another 48 h, the supernatant was 
harvested, and pro-inflammatory cytokine levels 
(A) TNF-α, (B) IL-1β, and (C) IL-6 were 
determined by ELISA. Data are presented as the 
means±SD. ***p＜0.001.

vation of the p38 MAPK and NF-κB pathways (15). There-
fore, we verified the possibility that GV1001 decreases the 
production of pro-inflammatory cytokines by disrupting the 
p38 MAPK and NF-κB signaling pathway. Con A-activated 
PBMCs were pre-treated with p38 MAPK inhibitor 
(SB203580), NK-κB inhibitor (Bay11-7082), and GV1001 
for 1 h, and the cells were stimulated with anti-ENO1 mAb. 
After incubation for another 48 h, TNF-α, IL-1β, and IL-6 
in the culture supernatants were measured by ELISA. As 
seen in a previous study, TNF-α, IL-1β, and IL-6 produc-
tion was decreased by treatment with SB203580 and Bay11- 
7082. In addition, pre-treatment with GV1001 also sup-
pressed ENO1-induced TNF-α, IL-1β and IL-6 production 
(Fig. 3A-C). Based on the results regarding the similar sup-
pressive effect of GV1001 on ENO1-induced pro-inflam-
matory cytokine production the specific inhibitors for 
p38MAPK and NF-κB, we examined whether GV1001 
could suppress the activation of p38MAPK and NF-κB by 

immunoblotting. As shown in Fig. 4, the phosphorylation 
of p38 (Fig. 4A and B) and p65 (Fig. 4C and D) was found 
to increase with ENO1 stimulation, which was suppressed 
by pre-treatment with GV1001. Therefore, it seems that 
GV1001 has an anti-inflammatory effect through the sup-
pression of p38 MAPK and NF-κB activation in Con A-acti-
vated PBMCs, even though it is partially dependent.

GV1001 does not change the expression level of ENO1 
in PBMCs isolated from RA patients
Inflammatory responses in Con A-activated PBMCs in-
duced by ENO1 stimulation are recognized to be similar 
to the inflammatory responses in RA, which is a systemic 
inflammatory autoimmune disease characterized by severe 
inflammation of the joints and destruction of bone and car-
tilage (27-29). The expression level of ENO1 in PBMCs 
isolated from RA patients (RA PBMCs) was previously re-
ported to be much higher than the level of ENO1 in 
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Figure 4. The suppression of p38 MAPK and NF-κB activation by treatment with GV1001. Con A- activated PBMCs were pre-treated 
with GV1001 (100 μM) for 1 h, and then stimulated with anti-ENO1 mAb for 120 min for p38 MAPK and 5 min for NF-κB. Then, 
the cells were collected and lysed with lysis buffer to extract proteins for immunoblotting. Levels of (A) the phosphorylated form of p38 
(p-p38) and total p38 and (C) the phosphorylated form of p65 (p-p65) and total p65 were examined by immunoblotting. A densitometry 
analysis was performed and results are represented as the fold increase in the phosphorylated form over the total form of (B) p-p38/p38 
and (D) p-p65/p65. Results are representative of three independent experiments. **p＜ 0.01, ***p＜0.001.

PBMCs isolated from normal healthy individuals (normal 
PBMCs). Monocytes and macrophages, which are involved 
in severe acute inflammation, are major ENO1-positive 
immune cells (15). Therefore, the anti-inflammatory effect 
of GV1001 on RA PBMCs was confirmed, as it was in 
the Con A-stimulated PBMCs. Most RA PBMCs sponta-
neously upregulated ENO1 on their surfaces (Fig. 5A). 
Similar to a previous study, which reported that ENO1 is 
mostly expressed in the monocytes and macrophages of 
RA patients (15), we confirmed that most CD14+ cells ex-
pressed ENO1 on their surfaces (Fig. 5B). Because we ob-
served that GV1001 does not affect Con A-induced ENO1 
expression in normal PBMCs (Fig. 1D and E), whether 
GV1001 changes ENO1 expression on the surface of 

PBMCs from RA patients was also examined. The results 
showed that ENO1 expression on the CD14＋ cells neither 
increased nor decreased with GV1001 treatment (Fig. 5B 
and C). This result shows that treatment with GV1001 
does not change ENO1 expression in PBMCs isolated 
from RA patients. We have already shown that GV1001 
decreased ENO1-induecd TNF-α, IL-1β, and IL-6 pro-
duction from Con A-activated PBMCs (Fig. 2). We also 
found that GV1001 decreased ENO1-induecd TNF-α, 
IL-1β, and IL-6 production from RA PBMCs (Fig. 6). 

GV1001 decreases the production of TNF-α, IL-1β, 
and IL-6 following ENO1 stimulation in RA PBMCs
GV1001 suppressed the induction of pro-inflammatory cy-
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Figure 5. The effect of GV1001 on ENO1 
expression in RA PBMCs. (A) PBMCs (1×105) fr-
om RA patients (n=10) were stained with 
anti-ENO1 mAb or the isotype control, and ENO1 
expression was examined by flow cytometry. RA 
PBMCs were incubated in the (B) absence or (C) 
presence of GV1001 (100 μM) for 48 h. After 
washing, the cells were double-stained with FITC 
conjugated anti-ENO1 mAb and PE-conjugated 
anti- CD14 Ab.

tokines in Con A-activated PBMCs (Fig. 2). Next, the anti- 
inflammatory effect of GV1001 was verified in RA PBMCs. 
RA PBMCs were incubated with GV1001 for 1 h and sti-
mulated with anti-ENO1 mAb for 1 h. After another 12-h 
incubation, the cytokine levels in the culture supernatants 
were measured by ELISA. The amount of TNF-α (anti- 
ENO1 Ab (719.3±12.6 pg/ml) vs. control (34.9±21.9 pg/ml) 
(p＜0.001), IL-1β (anti-ENO1 Ab (321.5±17.4 pg/ml) vs. 
control (36.9±2.7 pg/ml) (p＜0.001), and IL-6 (anti-ENO1 
Ab (2.45±1.31 ng/ml) vs. control (1.63±2.54 ng/ml) (p＜ 

0.001) drastically increased following ENO1 stimulation 
and diminished with GV1001 pre-treatment (TNF-α: 
GV1001＋anti-ENO1 Ab (341.0±8.1 pg/ml) vs. anti-ENO1 
Ab (719.3±12.6 pg/ml) (p＜0.001); IL-1β: GV1001＋an-
ti-ENO1 Ab (224.3±7.6 pg/ml) vs. anti-ENO1 Ab (321.5± 
17.4 pg/ml) (p＜0.001); and IL-6: GV1001＋anti-ENO1 
Ab (1.99±1.02 ng/ml) vs. anti-ENO1 Ab (2.45±1.31 ng/ml) 
(p＜0.01). This result shows that GV1001 can alleviate ro-

bust inflammation by ENO1 stimulation in RA PBMCs.

GV1001 suppresses the activation of p38 MAPK and 
NF-κB in RA PBMCs 
As shown in Fig. 4, the activation of p38 MAPK and 
NF-κB following ENO1 stimulation was suppressed by 
GV1001 in Con A-activated PBMCs (Fig. 4). Next, whether 
GV1001 could downregulate the activation of p38 MAPK 
and NF-κB in PBMCs isolated from RA patients was 
examined. RA PBMCs were pre-treated with GV1001 for 
1 h and stimulated by anti-ENO1 mAb for another 1 h. 
Then, phosphorylated p38 MAPK and p65 were examined 
by immunoblotting (Fig. 7A). A densitometric analysis 
showed that the increased phosphorylation of p38 MAPK 
and p65 following ENO1 stimulation was significantly de-
creased with GV1001 treatment in RA PBMCs (Fig. 7B 
and C). Therefore, GV1001 effectively disrupts the p38 
MAPK and NF-kB signaling pathways and consequently 
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Figure 6. The effect of GV1001 on ENO1- 
induced pro-inflammatory cytokine production in 
RA PBMCs. RA PBMCs were pre-treated with 
GV1001 (100 μM) for 1 h and then incubated 
with anti-ENO1 mAb (1 μg) or MOPC21 isotype 
for 1 h. After the stimulated cells were seeded in a 
24-well plate, they were further incubated for 12 h. 
The culture supernatant was collected, and the 
levels of (A) TNF-α, (B) IL-1β, and (C) IL-6 
were measured by ELISA. Data are presented as 
the means±SD. **p＜0.01, ***p＜0.001.

suppresses the production of pro-inflammatory cytokines 
induced by ENO1 stimulation in not only Con A-activated 
PBMCs but also in RA PBMCs. 

DISCUSSION

In the present study, we found that GV1001, derived from 
the human telomerase reverse transcriptase (hTERT) se-
quence, is an anti-inflammatory peptide that suppresses the 
production of pro-inflammatory cytokines and the activa-
tion of p38 MAPK and NF-κB induced by ENO1 stim-
ulation in Con A-activated PBMCs and RA PBMCs. 
  RA is an autoimmune disease that affects up to 3% of 
the population (30). In the past few years, many resear-
chers have tried to elucidate the causes of RA and to de-
velop therapeutic approaches. However, the precise causes 
and related therapies for RA have not been completely 
elucidated. There are many factors that can worsen RA, 
including various cytokines such as TNF-α, IL-1, and IL-6 
produced by cells such as monocytes and macrophages that 

infiltrated inflamed synovial joints (31-33). Recently, the 
involvement of ENO1 in the pathogenesis of RA and its 
possible role as a therapeutic target were reported (15). 
  ENO1, an essential enzyme involved in glycolysis, is lo-
cated in the cytoplasm in normal conditions, but it is trans-
located to the cell membrane in pathogenic conditions. 
Recent studies have shown that ENO1 is a putative target 
for auto-antigen in RA (16). Additionally, an increase in 
ENO1-positive cells induces the swift migration of in-
flammatory cells into lung inflammatory lesions (23). ENO1 
was previously shown to be overexpressed in monocytes 
and macrophages from PBMCs and synovial fluid mono-
nuclear cells (SFMCs) of RA patients (15). When the ENO1 
translocated from the cytosol to the cell surface is stimulated, 
the production of PGE2 and pro-inflammatory cytokines 
such as TNF-α, IL-1α/β, IFN-γ, and IL-18 are increased. 
All of these cytokines are closely related to RA pathogenesis 
and promote inflammatory cell recruitment to inflamed 
synovial tissues. Therefore, investigations of the molecules 
that regulate the production of pro-inflammatory cytokines 
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Figure 7. The suppression of p38 MAPK and 
NF-κB activation in RA PBMCs following 
treatment with GV1001. RA PBMCs were 
stimulated with anti-ENO1 mAb for 120 min 
after pre-treatment with GV1001 (100 μM) 
for 1 h. (A) Phosphorylation of p38 and p65 
was detected by immunoblotting. The relative 
expression is presented as the fold increase of 
(B) p-p38/p38 or (C) p-p65/ p65 by densi-
tometry analysis. Results are representative of 
three independent experiments. ***p＜0.001.

can provide clues for effective RA treatments. 
  GV1001 was first developed as a cancer vaccine (1-3), 
and it was subsequently revealed to function as an anti-in-
flammatory agent (7). In a mouse renal IRI model, this 
peptide efficiently inhibited the production of IL-6 and 
MCP-1, which are associated with a decrease in the in-
filtration of neutrophils and macrophages in the kidney af-
ter IRI. Furthermore, GV1001 interacts with various cyto-
plasmic proteins, including ENO1, for its mode of action 
(6). Hence, GV1001 showed potential to be used as an ef-
fective therapeutic agent for RA by regulating ENO1 
activity. Fig. 6 shows the effect of GV1001 on TNF-α, 
IL-1β, and IL-6 production in RA PBMCs. This result 
suggests that GV1001 may be not only an effective ther-
apeutic agent but also an adjuvant for conventional RA 
therapeutic drugs. 
  Several pro-inflammatory cytokines directly affect the 

pathogenesis of RA. In the case of TNF-α, an NF-κB ac-
tivation cascade initiator induces the production of other 
pro-inflammatory cytokines through the NF-κB signaling 
pathway (34). NF-κB signaling provides positive regula-
tion that may amplify and maintain RA pathology (34). 
IL-6 activates the Janus kinase/signal transducer and acti-
vator of transcription (JAK/STAT) pathway, and STAT-3 
is constitutively activated in RA (35,36). Inflammation is 
usually tightly regulated by mediators that initiate, main-
tain, and shut down the process. Efforts to develop more 
effective treatments for RA are based on an understanding 
of the cytokine network. Pro-inflammatory cytokines has 
been targeted with therapeutic antibodies or receptor an-
tagonists to limit overproduction. For RA, many therapeu-
tic agents, such as Tocilizumab and Infiximab, have been 
developed with this goal. These are immunosuppressive 
drugs, and each attenuates IL-6 and TNF-α-mediated sig-
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naling by blocking the cytokines and/or their receptors. 
Although these are effective inflammatory inhibitors, there 
are several adverse side effects, such as upper respiratory 
tract infections and serious infections of multiple other 
organs. However, GV1001 has been shown to be safe in 
several phase I/II clinical trials (37-39). In the current 
study, Con A-activated PBMCs and RA PBMCs were 
shown to produce high levels of pro-inflammatory cyto-
kines after ENO1 stimulation, and these cytokines were 
significantly decreased by treatment with GV1001 before 
ENO1 stimulation (Fig. 2 and 6). Therefore, GV1001 is 
capable of suppressing pro-inflammatory cytokines and a 
possible therapeutic agent that can reduce ENO1-mediated 
inflammation.
  ENO1 is known to induce inflammation through activa-
tion of the p38 MAPK and NF-κB signaling pathways in 
RA (15). These signaling pathways have important roles 
in RA pathogenesis. NF-κB is a pivotal regulator of in-
flammation through regulation of transcription. It is closely 
involved in the development of T helper 1 (Th1) respon-
ses, activation of abnormal apoptosis, and proliferation of 
RA fibroblast-like synovial cells (40-42). In addition, the 
p38 MAPK pathway contributes to the upregulation of pro- 
inflammatory cytokines, chemokines, and metalloproteinase 
in RA (43). As shown in Fig. 3, GV1001 effectively sup-
pressed the ENO1-induced production of TNF-α, IL-1β, 
and IL-6, similar to p38 MAPK and NF-κB inhibitors in 
Con A-activated PBMCs. Moreover, increased activation 
of p38 MAPK and NF-κB, which was represented by the 
increased expression of phosphorylated p38 and p65, was 
effectively inhibited by treatment with GV1001 before 
ENO1 stimulation in both Con A-activated PBMCs and RA 
PBMCs (Fig. 4 and 7). This result suggests a regulatory 
role for GV1001 in the inflammation-related activation of 
p38 MAPK and NF-κB signaling mechanisms. Taken all 
together, these results suggest that GV1001 may be a use-
ful anti-inflammatory peptide by downregulating pro-in-
flammatory cytokine production and regulation of p38 
MAPK and NF-κB activation induced by ENO1 stimula-
tion.
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