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Targeting of interleukin-10 receptor by a potential human interleukin-10
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ABSTRACT

Objective: Human interleukin-10 (IL-10) is a dimeric and pleiotropic cytokine that plays
a crucial role in cellular immunoregulatory responses. As IL-10 binds to its receptors,
IL-10Ra and IL-10Rb, it will suppress or induce the downstream cellular immune responses
to protect from diseases. Materials and Methods: In this study, a potential peptide derived
from IL-10 based on molecular docking and structural analysis was designed and validated
by a series of cell assays to block IL-10 binding to receptor IL-10Ra for the inhibition of
cell growth. Results: The simulation results indicate that the designed peptide IL10NM25
bound to receptor IL-10Ra is dominated by electrostatic interactions, whereas van der
Waals (VDW) and hydrophobic interactions are minor. The cell experiments showed that
ILIONM25 specifically binds to receptor IL-10Ra on the cell surface of two B-lineage
cell lines, B lymphoma derived (BJAB), and lymphoblastoid cell line, whereas the mutant
and scramble peptides are not able to suppress the binding of IL-10 to receptor IL-10Ra,
consistent with the molecular simulation predictions. Conclusion: This study demonstrates
that structure-based peptide design can be effective in the development of peptide drug
discovery.
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INTRODUCTION

ﬂ uman interleukin-10 (IL-10) is the main member of the
IL-10 cytokine family which consists of IL-19, IL-20,
IL-22, IL-24, and IL-26 [1]. IL-10 is a pleiotropic cytokine
whose expression can be prevalently found in many cell types,
such as Th2 cells, macrophages, dendritic cells, B-cells, and
various subsets of CD4+ and CD8+ T-cells [2]. IL-10 can sup-
press or activate cellular immune responses to protect the host
against invading pathogens; therefore, the dual effects of IL-10
in both immunosuppression and innate immunity hamper the
studies on its precise role in cancer development. The IL-10’s
biological role in cancer likely depends on the cell types or
restricted microenvironments; thus, developing both IL-10
pathway-specific agonists and antagonists is considered as
potential IL-10 targeting strategy in anti-cancer therapy.

IL-10 is a dimeric cytokine that signals through a tetra-
meric transmembrane receptor complex, consisting of two
IL-10Ra and two IL-10Rb proteins. IL-10 biological activity
requires the sequential assembly of these two surface recep-
tors (IL-10Ra and IL-10Rb) [3]. IL-10 initially binds to
IL-10Ra with high affinity forming IL-10/IL-10Ra complex,
and the intermediate complex is sequentially recognized by
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IL-10Rb with low affinity to form a IL-10/IL-10Ra/IL-10Rb
ternary complex, which activates intracellular (IC) JAK
family tyrosine kinases, and subsequently, IC signaling path-
ways, leading to cellular responses [4,5]. Previous studies
have reported that overexpression of IL-10 promotes tumor
development in certain lymphomas and melanomas by sup-
pressing the antitumor immune response [6,7]. Nevertheless,
recent advances in comparative database analyses reveal
that serum IL-10 levels have been shown as a biomarker for
predicting prognostic outcome of several types of human
malignancies [8-10]. As IL-10 has been implicated in pro-
moting cell growth and differentiation of activated human B
lymphocytes [11,12], suggesting B-lineage cell-associated
cancers could exploit the above biological feature to assist in
carcinogenesis. In the past decades, peptide ligands have been
utilized therapeutically as agonists or antagonists in several
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diseases, such as metabolic diseases and oncology [13]. The
attractive features of peptide drugs compared with small com-
pounds and antibodies include high selectivity, low cost, low
cytotoxicity, and immune response [13,14]. Our previous
studies have shown the possibility that structure-based peptides
can be a therapeutic strategy for anti-inflammation [15,16].
Therefore, in this study, we designed a specific peptide
derived from IL-10 according to the resolved IL-10/IL-10Ra
complex structure [17] using molecular docking and structural
analysis to evaluate its specific binding to cell surface IL-10Ra
and effects on cell growth of two B neoplastic cells. Our
results suggested that the designed peptide ILIONM25 can
specifically bind to IL-10Ra and effectively suppress the cell
proliferation. The development of new anti-cancer therapies
using peptide-based ligands has much potential in the future
pharmaceutical medicine.

MATERIALS AND METHODS
Molecular docking of the
interleukin-10Ra receptor

To predict the preferable binding sites between the designed
peptides and the extracellular domain of receptor IL-10Ra.
The docking module of Molecular Operating Environment
software package (MOE2018.01 (Chemical Computing Group,
Montreal, Canada)) (http://www.chemcomp.com) was used to
perform the molecular docking and structural analysis.

designed peptide to

Peptide synthesis

The designed and mutant peptides were determined for
experimental confirmation based on the in silico analysis and
molecular docking of this study. These peptides were chemi-
cally synthesized by the MS (MISSION BIOTECH, Taiwan)
with a solid-phase methodology. The sequences of peptides
used in this study were in the following,

IL10NM25: ®NMLRDLRDAFSRVKTFFQMKDQLDN*
mIL10NM25: 2’NMLADLADAFSAVKTFFQMKDQLD N*
CF25: 'CPLNGSTVYGHLRHCLSCSGTMVKEF*

Cell lines, cell culture, lentivirus shRNA vectors, and
cell viability assays

BJAB is a B-lymphoma cell line [18]. The EBV trans-
formed lymphoblastoid cell line (LCL) has been established
in the laboratory [19]. The above cell materials were cul-
tured in RPMI1640 medium (Gibco BRL) supplemented with
10% fetal bovine serum and 1% penicillin/streptomycin. The
lentivirus-based shRNA vectors for human IL-10 were pur-
chased from the National RNAi Core Facility, Academia
Sinica Taiwan. For virus production, ~5 x 10% of 293T cells
in a 10-cm cultured dish were transfected with lentiviral DNA
mix following manufacturer’s instructions. To silence endog-
enous IL-10, 5 x 10° cells in 1 mL cultured medium were
seeded in a 6-well culture plate and transduced with 1 mL
of lentivirus supernatant in the presence of 8 ug/mL of poly-
brene and incubated for 72 h. One thousand cells of each
cell line were aliquoted into a 96-well plate in triplicate. The
cell growth assay was performed using RealTime-Glo™ MT
Cell Viability Assay kit (Promega, REF G9712) on a TECAN
Spark 10 M microplate detector. Cell viability was examined
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every 24 h for 4 consecutive days and determined as the rela-
tive luminescence unit (RLU) according to the manufacture’s
instruction. The protocol to obtain a viable cell count from
each sample was performed using a Trypan Blue exclusion
method.

Antibodies, immunostaining, enzyme-linked
immunosorbent assay, and immunofluorescence flow
cytometry

The expressing patterns of IL-10Ra or IL-10Rb in each cell
line were analyzed by flow cytometry analysis. The antibodies
for immunostaining are: Human IL-10Ra (R and D Systems,
Cat: MAB274, 1:200) and Human IL-10Rb (R and D Systems,
Cat: MAB874, 1:200). Fluorescein isothiocyanate (FITC)
AffiniPure Goat Anti-Mouse IgG (H + L) (Jackson
ImmunoResearch, #115-095-003, 1:100) was used to locate
the proteins of interest by producing fluorescent images.
Briefly, cells were rinsed three times and collected in 1X
phosphate-buffered saline (PBS) with the necessary antibody.
Cell staining was performed on ice for 30 min (min), and
then, the secondary antibody was used following a PBS wash
procedure. Cells were treated with the IC Fixation Buffer
for 10 min (ThermoFisher Scientific) prior to performing
immunofluorescence flow cytometry on Guava easyCyte HT
(Millipore). The amount of IL-10 in cultured medium was
quantitated using an IL-10-specific enzyme-linked immunosor-
bent assay (ELISA) kit (eBiosciences).

Fluorescein isothiocyanate-conjugated
preparation and labeling assays

Three  FITC-conjugated  synthetic  peptides  were
included in this study. FITC-CF25 (Mission Biotech,
Peptide ID: 992013) is a nonspecific peptide (negative
control). FITC-IL10NM25 (Mission Biotech, Peptide ID:
992102) is a wild-type versus a corresponding mutant
FITC-mIL10ONM25 (Mission Biotech, Peptide ID: 992011).
Each fluorochrome-conjugated peptide was prepared as
I mg/mL in different solvents, including dimethyl sulfox-
ide (DMSO), PBS, deionized water, and cultured medium.
Cells were rinsed three times and collected in 1X PBS with
0-50 ug/mL of each peptide. Samples were incubated at room
temperature for 30 min and washed with PBS for three times
before the immunofluorescence flow cytometry assay was
performed. The positive staining cells were determined as per-
centage of a total.

peptides

For antibody-mediated competition assays, cells were pre-
treated with the indicated amount of IL-10Ra/or IL-10Rb
antibody or control IgG at room temperature for 30 min. Cells
were then incubated with 30 ug/mL of each FITC-conjugated
peptide for another 30 min after a PBS wash procedure. FITC
signal was then quantified by flow cytometry soon as the free
FITC peptides were removed by the PBS wash.

Statistical analysis

All the quantitative data were obtained after a procedure of
comparative analysis. The statistical analysis was performed
using Student’s #-test, and the statistical data were formulated
as the mean =+ standard deviation. ¥*P < 0.05 represents the
observed phenotype is significant to the compared reference,
whereas TP > 0.05 means no difference was observed.



Chang, et al. / Tzu Chi Medical Journal 2020, 32(3): 245-253

REsuULTS
Surface charge and hydrophobicity distributions of the
binding interface

The previous resolved IL-10/IL-10Ra complex struc-
ture showed that the N-terminal region of IL-10 bounds to
some loops and turns of the extracellular domain of IL-10Ra
(PDB code: 1Y6K) [17]. The surface charge distribution
of the binding interface between IL-10 and IL-10Ra indi-
cated that electrostatic interactions might dominate the IL-10
binding to the extracellular domain of IL-10Ra. The binding
region of IL-10 is more positively charged. The hydrophobic-
ity map also indicated that the binding region between IL-10
and IL-10Ra is more hydrophilic [Figure 1]. From the surface
charge distribution and hydrophobicity map analyses, we
found that electrostatic interactions may play a crucial role in
the binding of IL-10 to IL-10Ra, whereas VDW and hydro-
phobic interactions are minor.

Molecular docking of the designed peptides to
interleukin-10Ra receptor

Based on the in silico analysis of the binding interface of
IL-10/IL-10Ra complex structure, a potential peptide (named
IL10NM25) was determined to inhibit IL-10 binding to recep-
tor IL-10Ra. The designed peptide ILIONM25 with 25 amino
acids derived from human cytokine IL-10 showed a helical
conformation. The preferable pose of ILIONM25 redocked
to IL-10Ra was almost superposed to the original complex
structure with a quite low root-mean-square deviation value
(0.101 A) [Figure 2a]. Electrostatic interactions dominated the
designed peptide bound to receptor IL-10Ra, which positively

Figure 1: The surface charge and lipophilicity distributions for interleukin-10
binding to receptor interleukin-10Ra. The complex structure (PDB code: 1Y6K) is
represented as ribbon structure with the extracellular domain of receptor IL-10Ra
colored gray, the cytokine interleukin-10 colored orange, and the binding region
selected as a potential peptide colored purple. Surface charge distribution of the
binding interface is based on Poisson—Boltzmann equation. (a) Interleukin-10
(b) interleukin-10Ra. Blue color corresponds to positive and red color to
negative electrostatic potential. For surface lipophilicity distribution, blue color
represents the hydrophilic part, whereas green color represents hydrophobic part.
(c) Interleukin-10 (d) interleukin-10Ra

charged residues of the peptide (R24, R27, and K34) interact
with the negatively charged residues (D100 and E101) and
the hydrophilic residues with negative electric field (S190 and
S192) of the receptor IL-10Ra [Figure 2a].

The designed interleukin-10 peptide efficiently targets
to the cell surface of B-lineage cells

According to the molecular simulations, a peptide
(IL1IONM25) derived from IL-10 was theoretically pre-
dicted as the preferable candidate to compete with IL-10

Figure 2: The designed peptide docking to receptor interleukin-10Ra and interaction
map between peptide and receptor. (a) The superposition of designed peptide
IL10NM25 docking to interleukin-10Ra and interleukin-10/interleukin-10Ra
complex structure. The complex structure (PDB code: 1Y6K) is represented
as ribbon structure with the extracellular domain of receptor interleukin-10Ra
colored gray, the cytokine interleukin-10 colored orange, and the designed peptide
IL1ONM25 colored cyan. The important residues between the binding interface
are also shown as stick with blue color for peptide ILIONM25 and purple color
for receptor interleukin-10Ra. (b) The interaction map of peptide ILIONM25 with
receptor interleukin-10Ra. Chain A is for peptide ILIONM25 and Chain B is for
receptor interleukin-10Ra. (¢) The interaction map of mutant peptide mIL10NM25
with receptor interleukin-10Ra. Chain A is for peptide mIL10NM25 and Chain B
is for receptor interleukin-10Ra
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for binding to IL-10Ra receptor. We also designed a mutant
peptide (mIL10NM25) with three positively charged resi-
dues (R24, R27, and R32) mutated to alanine in the
context of the same IL-10 peptide. Moreover, a scramble
peptide CF25 was also designed for comparison. IL-10
is wildly expressed in several types of lymphocytic cells;
thus, many lymphocytic cells could be the ideal materials
for IL-10 Ra blocking assays. In this study, we used two
B-lineage cell lines, BJAB and LCL, to perform the peptide
ILIONM25-mediated IL-10Ra targeting assays. The IL-10
receptor is a tetrameric complex, composed of two Ra and
two Rb subunits. The expressing pattern of each subunit on
the cell surface area was determined by flow cytometry. Apart
from showing both IL-10Ra and Rb were expressed on the
cell surface, the expressed intensity of IL-10Ra is relatively
higher than IL-10Rb among populations of two cell lines
[Figure 3a and b]. The peptide ILIONM25 was prepared as
1 mg/mL in different solvents, including DMSO, H,O, PBS,
and cultured medium, respectively. The peptide IL1IONM25
was labeled with FITC to facilitate the flow cytometry
analysis to be carried out properly. In BAJB cells, peptide
FITC-IL1ONM2S5 in the solvents with the above order target
to 55%, 85%, 80%, and 75% of the population, whereas the
same groups of peptide target to 50%, 70%, 85%, and 90%
of LCL [Figure 3¢ and d]. To facilitate the manipulation of
cell culture, 0-50 pg/mL of peptide FITC-ILIONM25 was
prepared in cultured medium and used to assay for their tar-
geting efficacy. Peptide FITC-ILIONM25 produced 18%-90%
targeting effects in BJAB cells while eliciting 10%—-90% tar-
geting efficacy in LCL [Figure 3e and f].

The designed interleukin-10 peptide specifically targets
to receptor interleukin-10Ra

Although the designed peptide ILIONM25 successfully
targets to the cell surface of two testing cell lines, it remains
unclear whether it hits to the correct target as IL-10Ra is
expected as the target site. We next performed an anti-
body-mediated competition assay to confirm the designed
peptide FITC-IL1ONM25 indeed targets to IL-10Ra spe-
cifically. The selected cells were treated with each peptide
supplemented with antibody for IL-10Ra, Rb, or IgG control
at a final concentration 2.5, 5, or 10 ug/mL. In the control
group (IgG treated), the peptide FITC-ILIONM25 exhibited
80% targeting efficacy versus ~ 10% by the scramble peptide
FITC-CF25 in both BJAB and LCL [Figure 4a and b]. Two set
of similar results were obtained from the competition assays.
IL-10Ra antibody at 2.5, 5, and 10 pg/mL interfered 30%,
35%, and 60% FITC-ILIONM2S5 targeting effects, whereas
IL-10Rb antibody or IgG control at the same above prepara-
tions had no blocking activity compared to IL-10Ra antibody.

The interleukin-10 pathway is
proliferation of B-lineage cell lines

Prior to validating the peptide-mediated IL-10 blocking
effects on cell proliferation, we sought to demonstrate that the
IL-10 pathway-dependent cell proliferation indeed existed in
two B-lineage cell lines, BJAB and LCL cells. Each cell line
was initiated in a fresh medium after a PBS wash procedure,
and the amounts of IL-10 in the medium were determined
by performing an ELISA assay after 24 h of incubation. The

required for cell
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results indicated that approximately 150 pg/mL IL-10 was
secreted into the cultured medium from either BJAB or LCL
compared to the control medium [Figure 5a]. The specific
monoclonal antibodies for IL-10Ra, Rb, or both were used to
perform a neutralization assay. With a single or double treat-
ment of the IL-10 receptor antibodies caused an 80% and
70% reduction in cell proliferation of LCL versus BJAB after
96 h [Figure 5b]. The IL-10 recombinant protein (rIL-10) at
the final concentration of 0, 0.5, 1, and 10 ng/mL was next
used to treat the selected cells for 24 h. The stimulating effects
of rIL-10 on cell proliferation appeared in a dose-depen-
dent manner, which caused a 15%-60% increase from
0.5 to 10 ng/mL compared to the control group [Figure 5c]. In
the same experimental design, adding of IL1IONM25 peptide at
30 pg/mL caused a 50% blocking effect on rIL-10-stimulated
cell proliferation by 24 h. The activation of IL-10 signaling
pathway was validated by the expression levels of its down-
stream indicator, phosphorylated STAT3 (pSTAT3), in IL-10
shRNA (shIL-10) knockdown BJAB or LCL cells. A >90%
of IL-10 depletion at the protein levels were observed in
two shIL-10 transduced cell lines compared to each scram-
ble shRNA (shSCr) transduced group (control) [Figure 5d].
Consequently, it led to a ~70% reduction of pSTAT3 compared
to an unaltered expressed level of total amount of STAT3 in
each case [Figure 5e]. Similar to the antibody-mediated block-
ing experiments described elsewhere, IL-10 depletion by
shRNA resulted in an 80% reduction of cell viability in each
cell line [Figure 5f]. Apparently, our data support that IL-10 is
crucially implicated in cell proliferation of two B-lineage cell
lines used in this study.

The designed interleukin-10 peptide exhibits biological
impacts to debilitate cell growth

Cumulative evidence has disclosed variable effects of
IL-10 on cell proliferation of human B-lineage cells [20].
A complete set of the synthetic peptides, FITC-CF25,
FITC-IL10NM25, and FITC-mIL10NM25, were then used to
verify their effects on cell proliferation of two selected cell
lines. The peptide FITC-ILIONM25 exhibited >90% targeting
efficacy in two cell lines, whereas FITC-mIL10NM25 only
retained 30%—40% of the effect [Figure 6a and b]. FITC-CF25
only produced a noise signal by <10% targeting efficacy.
The selected cells treated with each peptide were monitored
for cell proliferation for 96 h. At the endpoint, the peptide
FITC-IL10NM25 almost entirely blocked the cell proliferation
of LCL versus debilitating 80% cell growth of BJAB com-
pared to FITC-mIL10NM25 or FITC-CF25 [Figure 6¢ and d].
Of importance, we showed that ILIONM25 caused a 55% and
a 61% reduction of pSTAT3, whereas mIL1IONM25 barely
resulted in a reduction of pSTAT3 by 15% and 9% in LCL
versus BJAB cells [Figure 6¢]. Our data clearly indicate the
specific IL-10Ra targeting effects could lead to a truly biologi-
cal impact on cell proliferation, as they efficiently impaired
IL-10 signaling pathway.

DiscussioN

Up to now, the complex structure for IL-10 bound to
complete IL-10Ra and IL-10Rb is still not resolved, only
the structure for IL-10 bound to extracellular domain of
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Figure 3: Interleukin-10 peptides efficiently target to the cell surface of B-lineages cells. (a) Both BJAB and (b) lymphoblastoid cell line cells were subjected for an
immunostaining procedure using antibodies for interleukin-10Ra and interleukin-10Rb, respectively. The fluorescein isothiocyanate-conjugated secondary antibody was
used to produce fluorescent signals in those interleukin-10Ra- or interleukin-10Rb-positive cells. The expressing pattern of each interleukin-10 receptor was analyzed by
flow cytometry. (c) The fluorescein isothiocyanate-conjugated interleukin-10 peptides (fluorescein isothiocyanate-interleuki-10NM25) were dissolved in dimethyl sulfoxide,
ddH, O, phosphate-buffered saline, or culture medium. BJAB and (d) lymphoblastoid cell line cells were treated with 30 pg/mL of the above peptides, respectively. The
binding efficiency of each interleukin-10 peptide to the cells was quantified by flow cytometry. The peptides fluorescein isothiocyanate-interleukin-10NM25-labeled cells
were determined as the percentage of a total. For here and the following experiments, cell samples without a peptide treatment were used as negative control. (¢) BJAB or
lymphoblastoid cell line cells (f) treated with the peptide fluorescein isothiocyanate-IL10NM25 at a concentration of 0, 0.1, 0.5, 1, 5, 10, 20, and 50 ug/mL, respectively.
The distribution of peptide labeling cells was quantified by flow cytometry followed the procedure as described elsewhere
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Figure 4: Interleukin-10 peptides specifically target to interleukin-10Ra. (a) To confirm the synthetic interleukin-10 peptide indeed targeted to cell surface
interleukin-10Ra, both BJAB and (b) lymphoblastoid cell line cells were subjected for an antibody-mediated competition assay using antibodies for interleukin-10Ra
and interleukin-10Rb, respectively. The selected cells were pretreated with the increasing amounts of interleukin-10Ra, interleukin-10Rb, or IgG control from 0 to
10 pg/mL prior to performing fluorescein isothiocyanate-conjugated peptide mediated binding assays. The labeling signals of fluorescein isothiocyanate-IL10NM25
versus fluorescein isothiocyanate-CF25 were calculated as percentages of a total in each case. The reference signal of each peptide is shown in the upper left corner

of each panel

IL-10Ra is available, which is supported to design a poten-
tial peptide derived from IL-10 to suppress the binding of
IL-10 to receptor IL-10Ra. The docking score of docking
program of MOE software for peptide ILIONM25 was
65.10, whereas that for the mutant peptide mIL10ONM25

was —54.56, indicating that the three mutant residues
(R24A, R27A, and R32A) of mILIONM25 declined the
binding affinity to receptor IL-10Ra. The interaction

maps for the two peptides with nearby receptor indicated
that more residues of IL10NM25 interact with IL-10Ra
(R91, D100, A189, S190, S192, and N193) than that of
mIL10NM25 (R191 and S192), consistent with the docking
results [Figure 2b and c].
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In cellular experiments, the synthetic peptide IL1IONM25
specifically bounds to the receptor IL-10Ra on the cell surface
of two B-lineage cell lines, BJAB and LCL [Figures 3 and 4]
verified the molecular docking results. Moreover, the mutant
peptide mILIONM25 reduced the electrostatic interactions
to receptor IL-10Ra; imply it not preferable for binding to
receptor. The comparison of three synthetic peptides bound to
receptor IL-10Ra in cell assays indicated that ILIONM25 can
entirely blocking the binding to IL-10Ra and inhibit the cell
proliferation, whereas the mutant peptide mIL10NM25 retained
30%-40% of the binding effect and the scramble peptide
CF25 rather produced binding efficacy <10% [Figure 5]. The
cellular assays confirmed the molecular docking prediction
and specificity of ILIONM25 binding to receptor IL-10Ra.
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Figure 5: Interleukin-10-dependent signal pathway contributes to the cell proliferation. (a) The expression of interleukin-10 in cell lysates or cultured media was
determined by Western blot and enzyme-linked immunosorbent assay assays. The immune blotting image and quantitated interleukin-10 are shown. (b) 10100 uL
of BJAB or lymphoblastoid cell line cells were treated with interleukin-10 Ra, interleukin-10 Rb, or both antibodies at a final concentration of 10 ug/mL. Cells were
seeded in a 96-well plate in triplicate. Cell numbers were counted every 24 h for 5 consecutive days. (c) Both BJAB and lymphoblastoid cell line cells were treated with
rIL-10 from 0, 0.5, 1, to 10 ng/mL and 50 pg/mL of the ILIONM25 peptide for 48 h. The cell proliferating condition in each group was determined by a RealTime-Glo
MT cell viability assay. The data were presented as the mean + standard deviation of relative fluorescent unit (RLU) from three independent experiments for here and
all of the similar experiments described elsewhere. (d) Both BJAB or lymphoblastoid cell line cell lines were transduced with lentivirus expressed shIL10 and shScr
control for 72 h, respectively. Cells were then collected and aliquoted into new cultured medium prior to performing the following analyses. The amount of secreted
interleukin-10 in cultured medium was identified by enzyme-linked immunosorbent assay. (e) The expression levels of interleukin-10, pSTAT3, SATAT3, and control
actin in interleukin-10 depleted cells are shown on an immune blotting image. (f) The cell viability of interleukin-10 depleted or control group was quantitated by

performing a cell viability assay described elsewhere

CONCLUSION

In this study, we designed a potential peptide
IL1ONM25-derived human cytokine IL-10 based on the
resolved IL-10/IL-10Ra complex structure to inhibit IL-10
binding to its receptor IL-10Ra. Structural analysis and molec-
ular docking indicate that electrostatic interactions dominated
the binding of peptide ILIONM25 to receptor IL-10Ra and
three key residues (R24, R27, and R32) were also found to
play an crucial role in the binding to IL-10Ra. A series of cell
assays confirmed the docking predictions and designed peptide

IL1IONM25 effectively inhibit the cell proliferation of selected
cell lines by blocking the binding of IL-10 to IL-10 receptor.
Structure-based in silico analysis is a powerful tool which can
be applied to design a preferable peptide, or small compounds
to serve as therapeutic agents to treat diseases in the near
future.
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Figure 6: Interleukin-10 peptides exhibit potent inhibitory effects on cell growth. (a) BJAB or (b) lymphoblastoid cell line cells were treated with 50 pg/mL fluorescein
isothiocyanate-CF25, fluorescein isothiocyanate-IL10, and fluorescein isothiocyanate-mutIL10 peptides at RT for 30 min before subjecting to perform flow cytometry
analysis. The fluorescein isothiocyanate -positive cells were calculated as the percentage of a total + standard deviation The none-peptide-treated group was used as negative
control. The fluorescein isothiocyanate-mut interleukin-10 versus fluorescein isothiocyanate- interleukin-10-labeling efficiency was compared with *P < 0.05. (c) BJAB
or (d) lymphoblastoid cell line cells were treated with the indicated peptides at 50 pg for 96 h. Cell viability assays were performed every 24 h using RealTime-Glo™ MT
assay kit, and data were determined as the RLU. (e) 5 x 10° BJAB or lymphoblastoid cell line cells were treated with the indicated peptides at 50 pg/mL for 48 h. Cell
lysates derived from each sample were immune blotted for pSTAT3, STAT3 and actin control. The images are shown. Lymphoblastoid cell line (left) versus BJAB (right)
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