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Abstract

Problem—Chemerin is a novel chemo-attractant and adipokine involved in leukocyte

recruitment, inflammation, adipogenesis, lipid/carbohydrate metabolism, and reproduction. Based

on the bioinformatic search for putative small peptides in the conserved region of pre-pro-

chemerin, an evolutionary conserved region flanked by potential convertase cleavage sites was

identified and we named it as C-20. The binding capacity of C-20 to chemerin receptors and its

potential bioactivities were investigated in this study.

Method of study—Radioligand binding assay, receptor internalization assay, and early response

gene C-FOS simulation, cAMP assay were carried out in chemokine-like receptor 1 (CMKLR1)/

HEK293 transfectants and G protein-coupled receptor 1 (GPR1)/HEK293 transfectants. In vitro

transwell chemotaxis assay in CMKLR1/L1.2 transfectants, primary Leydig cell culture, and

antral follicle culture was explored to investigate the bioactivity of C-20.

Results—C-20 bound to chemerin receptors CMKLR1 and GPR1 with high affinity triggered

CMKLR1 internalization and stimulated subsequent signal C-FOS expression and cAMP

production. C-20, such as chemerin, showed CMKLR1-dependent chemotactic property.

Furthermore, in primary Leydig cells and antral follicles, C-20 showed similar but less potent

suppressive effect on human chorionic gonadotropin-stimulated testosterone production and

progesterone production, compared with chemerin.

© John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Correspondence Jian V. Zhang, Laboratory for Reproductive Health, Institute of Biomedicine and Biotechnology, Shenzhen Institute
of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China. jian.zhang@siat.ac.cn.
*These authors contributed equally to this work.

Supporting Information
Additional Supporting Information may be found in the online version of this article:

NIH Public Access
Author Manuscript
Am J Reprod Immunol. Author manuscript; available in PMC 2015 March 01.

Published in final edited form as:
Am J Reprod Immunol. 2014 March ; 71(3): 265–277. doi:10.1111/aji.12164.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Conclusion—The novel chemerin-derived C-20 peptide binds to chemerin receptors CMKLR1

and GPR1 and showed similar but less potent bioactivity in chemotaxis and the suppression of

gonadal steroidogenesis, suggesting that after optimization, C-20 is possible to be a useful

experimental tool for the understanding of the biological functions of chemerin/CMKLR1 and

chemerin/GPR1 signaling.
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Introduction

Chemerin, was initially identified as a chemo-attractant ligand for the G protein-coupled

receptor chemokine-like receptor 1 (CMKLR1, also known as ChemR23 or DEZ).1-3 It was

subsequently identified as a novel adipokine that regulates adipogenesis and adipocyte

metabolism, with high expression levels in white adipose tissue.4 Chemerin was well studied

for its proposed roles in adaptive and innate immunity, inflammation, lipid and carbohydrate

metabolism, and its association with obesity and diabetes.5 Recent reports point to a role for

chemerin in reproduction as well. Patients with polycystic ovary syndrome have elevated

circulating and adipose tissue chemerin levels,6 preeclampsia patients have elevated

circulating chemerin levels7,8, and fetuses of obese mothers have increased chemerin

concentrations, correlating with maternal insulin sensitivity.9 Expression of chemerin and its

receptor CMKLR1 was reported in human granulose cell, and chemerin treatment inhibited

IGF-1-induced progesterone and estradiol secretion.10 A similar suppressive effect of

chemerin on FSH-stimulated progesterone and estradiol secretion was reported in rat

granulose cells.11

Three receptors have so far been described for chemerin: CMKLR1,1-3 chemokine (C-C

motif) receptor-like 2 (CCRL2)12, and G protein-coupled receptor 1 (GPR1).13 CMKLR1 is

presently the receptor through which most biological activities of chemerin have been

described including leukocyte recruitment, inflammation, adipogenesis, lipid and

carbohydrate metabolism.5 Chemerin binding to CMKLR1 triggers receptor internalization

and promotes leukocyte chemotaxis; chemerin binding to GPR1 stimulates receptor

internalization with no reported physiological roles5; chemerin binding to CCRL2 stimulates

neither internalization nor chemotaxis, but might present chemerin to nearby cell displaying

functional receptors.14 The activation of chemerin/CMKLR1 resulted in intracellular

calcium release, inhibition of cAMP accumulation, and phosphorylation of MAPK ERK1/2

or the phosphatidylinositol 3-kinase/Akt pathway.15

Prochemerin gene expression is detected in most tissues with high levels in liver, white

adipose tissue, and placenta and, to a less extent to skin, adrenal glands and kidney.2

Prochemerin is present at relatively high concentrations (3–10 nM) in human plasma16,17,

while liver and white adipose tissue was proposed to be a source of chemerin.4 The TIG-2

gene encodes 163 amino acid pre-pro-chemerin. After removal of the 20 amino acid signal

peptide from the pre-pro-chemerin, prochemerin was secreted as an inactive precursor,

which is 143 amino acids long in human. C-terminal proteolytic processing turned out to be
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very important for the bioactivity of chemerin as prochemerin has very low affinity for

CMKLR1. Prochemerin needs to be processed by proteolytic enzymes extracellularly within

its C-terminal domain to acquire its bioactivity to become a potent and highly specific

agonist of CMKLR1.2 The active protein of 137 amino acids in human was named

chemerin. Mouse chemerin shared 65% identity with the human polypeptide.1-3

A computer program previously used to identify the novel hormones obestatin18 and

neuronostatin19 was explored to search for unique protein signatures including potential

mono- or dibasic cleavage sites in known pre-pro-hormone sequences. Pre-pro-chemerin

came to our notice for the possible existence of conserved putative mature peptide region at

its C-terminus. After alignment of pre-pro-chemerin amino acid sequences from 9 species, a

20 amino acid peptide was identified and we named it chemerin-derived-peptide C-20 (C-20

for short). We synthesized the peptide and studied its possible interaction with chemerin

receptors and subsequent bioactivities.

Materials and methods

Animals and Materials

Three-month-old male and female Sprague-Dawley rats and 21-day-old female Sprague-

Dawley rats were obtained from the Laboratory Animal Center, Institutes of Biomedicine

and Health, Chinese Academy of Sciences, China. The animals were housed at a constant

temperature, humidity, under a 12-hr light–dark cycle. Chow and water were available ad

libitum. All procedures related to animal usage were approved by the Committee on the Use

of Live Animals for Teaching and Research, Shenzhen Institutes of Advanced Technology,

Chinese Academy of Sciences. Human CMKLR1 overexpressing HEK293 cell line

(huCMKLR1/HEK293), human GPR1 overexpressing HEK293 cell line (huGPR1/

HEK293), wild-type HEK293 cell line (WT/HEK293), human CMKLR1 overexpressing

L1.2 cell line (huCMKLR1/L1.2), wild-type L1.2 cell line (WT/L1.2), and rat anti-human

CMKLR1 monoclonal antibody (BZ332) are kind gifts from Dr Brian Zabel and Dr Eugene

Butcher (Stanford University, USA). Human recombinant chemerin (huChemerin) and

mouse recombinant chemerin (mChemerin) were purchased from R&D Systems

(Minneapolis, MN, USA). Human C-20 (huC-20, VQRAGEDPHSFYFPGQFAFS), human

C-15 (huC-15, AGEDPHSFYFPGQFA), human C-9 (huC-9, YFPGQFAFS), mouse C-20

(mC-20, IAQAGED PHGYFLPGQFAFS), and a random synthetic peptide neuronostatin

(NTS, LRQFLQKSLAAAT) were synthesized by GL Biochem (Shanghai, China).

Iodochemerin was purchased from Fu-Rui Ltd. (Beijing, China). Rabbit anti-C-FOS

antibody was purchased from Cell Signaling (Boston, MA, USA). Alexa Fluor® 488

Donkey Anti-Rabbit IgG (H+L) and Alexa-488-Donkey anti-rat IgG were purchased from

Invitrogen (New York, NY, USA). Parameter cyclic adenosine monophosphate (cAMP)

assay was purchased from R&D Systems. Goat polyclonal antibody for CMKLR1 IHC and

goat polyclonal antibody for GPR1 IHC in rat testis/ovary were purchased from Santa Cruz

(Dallas, TX, USA). The peroxidase-labeling kit and DAB substrate kit for peroxidase were

both purchased from Vector Laboratories (Burlingame, CA, USA).
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Search for Possible Conserved Peptide(s) Encoded by Chemerin Gene

GenBank was searched for orthologs of the human chemerin gene, and pre-pro-chemerin

sequences from 9 mammalian species (human: NP_002880.1; chimpanzee: JAA28993.1;

monkey: NP_001253612.1; rabbit: XP_002722563.1; pig: NP_001116658.1; cattle:

NP_001039485.1; rat: NP_001013445.1; hamster: NP_ 001231216.1; mouse: NP_082128.1)

were aligned to locate possible evolutionary conserved region(s).

Radioligand Binding Assay

Radioligand binding assays were performed as described previously.18 Briefly, about

1,000,000 per tube huCMKLR1/HEK293 cells or huGPR1/HEK293 cells were used to

incubate with 2 nM iodochemerin with or without increasing concentrations of unlabeled

huChemerin, huC-20, mC-20, or NTS for 16 h at 23°C. After incubation, cells were

centrifuged at 1000 × g for 10 min and washed for three times before counting with a γ-

spectrophotometer.

Internalization Assay

HuCMKLR1/HEK293 cells, huGPR1/HEK293 cells, or WT/HEK293 cells were seeded into

culture dish with 0.1% w/v gelatin-coated cover slips. Cells were subjected to serum

starvation at 50–60% confluent for 4 h. Then, cells were incubated with 100 nM huChemerin,

huC-20, or NTS for 30 min at 37°C. Washed twice with PBS, cells attached to the cover slip

were fixed with 4% w/v paraformaldehyde for 30 min and then incubated with 0.1% w/v

Triton X-100 for 10 min. The cells were washed with PBS and incubated with rat anti-

human CMKLR1 monoclonal antibody overnight at 4°C. After incubation for 2 h with

secondary antibody, Alexa-488-Donkey anti-rat IgG (Invitrogen) and nuclei staining for 10 s

with DAPI, the cover slip were mounted with 100% glycerol and observed under a confocal

laser microscope.

Early Response Gene C-FOS Gene Expression

At 70–80% confluence, huCMKLR1/HEK293 cells or WT/HEK293 cells were subjected to

serum starvation for 24 h. Then, the cells were incubated with culture medium, or culture

medium with 30 nM huChemerin, 30 nM huC-20, or 10% v/v FBS for 30 min at 37°C. Cells

were harvested for RNA analysis of C-FOS expression with beta-actin served as the

reference gene.

Immunocytochemistry (ICC) of Early Response Gene C-FOS

HuCMKLR1/HEK293 cells or WT/HEK293 cells were seeded into culture dish with 0.1%

w/v gelatin-coated cover slips. Cells were subjected to serum starvation at 50–60%

confluent for 4 h. Then, cells were incubated with 100 nM huChemerin or huC-20 for 30 min

at 37°C. Washed twice with PBS, cells attached to the cover slip were fixed with 4% w/v

paraformaldehyde for 30 min and then incubated with 0.1% w/v Triton X-100 for 10 min.

The cells were washed with PBS and incubated with rabbit anti-C-FOS monoclonal

antibody overnight at 4°C. After incubation for 1 h with secondary antibody, Alexa Fluor®

488 Donkey Anti-Rabbit IgG, and nuclei staining for 10 s with DAPI, the cover slip was

mounted with 100% glycerol and observed under a confocal laser microscope.
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Cyclic Adenosine Monophosphate (cAMP) Assay

HuCMKLR1/HEK293 cells or WT/HEK293 cells were seeded into NUNC 6-well culture

dish at 5 × 105 cells per well and cultured for 24 h. Cells were then subjected to serum

starvation for 4 h. Then, cells were incubated with 10 nM huChemerin, 10 nM huC-20, 10 μM

forskolin (Sigma, St Louis, MO, USA), or combination of forskolin and huC-20, or

forskolin and huChemerin or culture medium only for 30 min at 37°C. Washed twice with

cold PBS, cells were subjected to the lysis buffer from the Parameter cAMP assay kit of

R&D System and the supernatant was assayed for cAMP and total protein normalization

using BCA protein assay kit from Pierce (Thermo Scientific, Rockford, IL, USA). The

conditioned medium was directly subjected to cAMP assay.

In Vitro Transwell Chemotaxis Assay

HuCMKLR1/L1.2 cells were treated by 5 mM sodium butyrate overnight and then seeded to

the top well of 5 μm pore 96-well Corning Caster transwell inserts (Corning Caster,

Corning, NY, USA) at 1 × 106 cell/well density. Culture medium, or culture medium with

0.3, 1, 10, and 100 nM huChemerin or 0.3, 1, 10, and 100 nM huC-20, was added to the

bottom well of the inserts. At the end of 4 h migration assay at 37°C, the cells that migrated

from the top well through the filter to the lower chamber were stained with CellTiter blue

(Promega, Madison, WI, USA) and quantified by fluorescence (560/580 nm). Paralleled

experiments of the same procedure were carried out with WT/L1.2 cells to serve as negative

controls.

RNA Analysis by QPCR

Total RNA was extracted by TRIZOL Reagent (Invitrogen) according to the manufacturer’s

instruction. RNA samples were reverse-transcribed into cDNA and subsequent relative

transcript abundances were estimated by quantitative real-time PCR using a SYBR RT-PCR

kit (Takara, Shiga, Japan) according to the manufacturer’s introduction. The relative gene

expression levels normalized to beta-actin were calculated using the ΔΔCT method, where

CT was the cycle threshold. PCR primers and relative references are listed in Table S1.

Immunocytochemistry (IHC) of Chemerin Receptors CMKLR1 and GPR1

Testes or ovaries were dissected out right after decapitation of 3-month-old Sprague-Dawley

rats, fixed, and processed for embedding in paraffin, sectioned. Immunohistochemistry of

testis was performed on 5 μm sections of paraffin-embedded tissues with a peroxidase-

labeling kit from Vector Laboratories, using either goat polyclonal antibody to CMKLR1

(sc-32651 from Santa Cruz) or goat polyclonal antibody to GPR1 (sc-48179 from Santa

Cruz). Staining was visualized using a DAB substrate kit for peroxidase from Vector

Laboratories and counterstained with hematoxylin.

Primary Leydig Cell Culture

Isolation of Leydig cells and subsequent primary Leydig cell culture were performed as

previously described20 with some modifications. Briefly, five Sprague-Dawley male rats at

3~4 months old were killed by decapitation. The testes were collected and decapsulated and

were then digested for 15 min shaking at 80 cycles/min at 34°C in DMEM/F12-0.1% w/v
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BSA supplemented with 0.5 mg/mL collagenase type IA, 0.25 mg/mL soybean trypsin

inhibitor (all from Sigma). Ice-cold medium was added to the flask to stop the digestion. The

suspension was kept on ice for 5 min to allow tubules to settle and was then filtered through

cell strainers (70 μm nylon, Falcon BD Biosciences, Franklin Lakes, NJ, USA). After

centrifuging at 350 × g for 20 min at 4°C, the Leydig cells were resuspended and separated

by discontinuous Percoll (Amersham Biosciences, Uppsala, Sweden) gradients (with six

density fractions ranging from 1.030 to 1.096 g/mL). Leydig cells located at the boundary

were collected and maintained at 34°C with 5% v/v CO2. After 24 h incubation, the cell

purity was determined by 3β-hydroxysteroid dehydrogenase (3β-HSD) staining. The Leydig

cells were treated with 0.01 IU/mL of human chorionic gonadotropin (hCG), 1, 10, and 100

nM of mC-20 or mChemerin, and the combination of hCG and mC-20 or the combination of

hCG and mChemerin or culture medium only. After 24 h, conditioned media were collected

for testosterone measurement. Cells were lysed for RNA expression analysis of key

steroidogenetic enzymes 3β-HSD, 17β-HSD, p450scc, and StAR gene expression.

Superovulation and Antral Follicle Culture

Superovulation was induced in 21–23 day-old immature female Sprague-Dawley rats by

intraperitoneal (i.p.) injection with 30 IU per rat pregnant mare serum gonadotropin (PMSG;

Sigma). Large antral follicles of a diameter over 900 μm were isolated 48 h post-PMSG

treatment as previously described.21 After decapitation, follicles were isolated in ice-cold

normal saline under a dissecting microscope using two 26G1/2 inch syringe needles and pre-

incubated in 24-well plate with 3 follicles per well in DMEM/F12-0.1% BSA at 37°C. Then,

the follicles were treated for 6 h with 0.01 IU/mL of hCG, 1, 10, and 100 nM of mC-20 and

mChemerin and the combination of hCG and mC-20 or the combination of hCG and

mChemerin or culture media only. Conditioned media were collected for progesterone

measurement. Cells were lysed for QPCR analysis.

Testosterone and Progesterone Measurement by RIA

The testosterone level and progesterone levels were measured using commercial Iodine

[125I] Radio-immunoassay Kits (Lareneen, Guangzhou, China). The sensitivities of the

testosterone and progesterone RIA assay were 20 ng/mL and 0.02 ng/mL. The intra-assay

error and interassay error for both assays were less than 10 and 15%.

Statistical Analysis

All data were expressed as mean ±S.E.M., and statistical significance was assessed by one-

way ANOVA followed by Student–Newman–Keuls test. Statistical significance was taken at the

P < 0.05 level.

Results

Bioinformatic Prediction of Conserved Chemerin-Derived Peptide C-20

We compared the pre-pro-chemerin sequences from 9 mammalian species. Based on

bioinformatic search for putative small peptides in the conserved region of pre-pro-

chemerin, an evolutionary conserved region flanked by potential convertase cleavage sites

(arginine and/or lysine) was identified (Fig. 1). This encodes a 20 amino acids peptide at the
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C-terminal domain of pre-pro-chemerin. We named this chemerin-derivedpeptide C-20

(C-20). Human C-20 (huC-20) encodes VQRAGEDPHSFYFPGQFAFS (V138-S157).

Mouse C-20 (mC-20) encodes IAQAGEDPHGYFLPGQFAFS (I137-S156).

C-20 Bound to CMKLR1 and GPR1 and Triggered CMKLR1 Internalization

We synthesized huC-20 and mC-20 and tested their ability to bind to CMKLR1 and GPR1.

Radioligand binding assay showed that both huC-20 and mC-20 can bind to HEK293 cells

overexpressing either human CMKLR1 or GRP1, using huChemerin as positive control and

NTS as negative control (Fig. 2a). The IC50 for huChemerin, huC-20, and mC-20 to

huCMKLR1/HEK293 cells were 0.3, 1.6, and 2.5 nM, respectively; the IC50 for

huChemerin, huC-20, and mC-20 to huGPR1/HEK293 cells were 0.5, 3.5, and 5.0 nM,

respectively. C-20 from human and mouse showed conserved and comparative binding

capacity to human CMKLR1 and GPR1 receptors.

Also, we tested whether C-20 could stimulate the CMKLR1 and GPR1 internalization.

When huCMKLR1/HEK293 cells were stimulated by huC-20, internalization happened,

using huChemerin as positive control and NTS as negative control; no such internalization

happened in WT/HEK293 cells (Fig. 2b). HuC-20 did not stimulate GPR1 internalization in

huGPR1/HEK293 cells (data not shown).

C-20 Stimulated Early Response Gene C-FOS and Suppressed cAMP Production CMKLR1
Dependently

Immunocytochemistry revealed an increase in nuclear C-FOS-positive-staining cells in the

huC-20 and huChemerin treatment groups compared with control in huCMKLR1/HEK293

cells, using FBS as positive control (Fig. 3a). A similar stimulation in C-FOS gene

expression was found by huC-20 and huChemerin (Fig. 3b). No such stimulation in C-FOS

protein expression (Fig. 3a) or gene expression (data not shown) was observed in WT/

HEK293 cells by either huC-20 or huChemerin treatment, suggesting that the stimulation of

huC-20 and huChemerin on C-FOS was CMKLR1 dependent. In cAMP assay, forskolin at

10 μM stimulated more than 50-fold increase in cAMP production in both huCMKLR1/

HEK293 cells and WT/HEK293 cells. HuC-20 and huChemerin cotreatment suppressed

cAMP production in huCMKLR1/HEK293 cells, while no effect was observed in WT/

HEK293 cells, suggesting that the suppression was CMKLR1 dependent. HuC-20 and

huChemerin showed no effect on basal cAMP release (Fig. 3c).

C-20 Elicited CMKLR1-Dependent Chemotaxis

The chemotactic capacity of C-20 was tested in huCMKLR1/L1.2 cells using huChemerin as

positive control by in vitro transwell chemotaxis assays. As showed in Fig. 4, huChemerin

stimulated the chemotaxis of huCMKLR1/L1.2 cells at 0.3, 1, 10 nM concentrations, while

the dose of 100 nM was not effective. HuC-20 showed no chemotaxis effect at 0.3 nM, while

effective at 1, 10, and 100 nM. The optimal dose of chemotaxis for huChemerin was 1 nM

compared with the 10 nM of huC-20. WT/L1.2 cells showed no chemotactic response

indicating that the chemotaxis was CMKLR1 dependent. Other reported chemerin-derived

peptides such as huC-15 and huC-9 were also tested by the in vitro transwell chemotaxis
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assay by huCMKLR1/L1.2. HuC-15, huC-9, and the negative control peptide NTS showed

no chemotactic actions at the concentration of 1 or 10 nM (Figure S1).

C-20 Showed Similar but Less Potent Suppressive Effect on Gonadal Steroid Hormone
Production Compared with Chemerin

CMKLR1 and GRP1 were immunolocalized in the testes, majorly in the interstitial Leydig

cells (Fig. 5a) and the in the rat ovaries, especially in the theca cells of the follicles (Fig. 6a).

In primary Leydig cells, mChemerin suppressed hCG-stimulated testosterone production

from Leydig cells at 1, 10, and 100 nM, while mC-20 was only effective at the dose of 100 nM

(Fig. 5a). No effect was observed of mChemerin or mC-20 at the basal testosterone

production. When treated Leydig cells with another synthetic short 15 amino acid chemerin-

derived peptide huC-15, no such kind of suppression can be observed at the dose of 100 nM

(data not shown). Furthermore, the suppression of testosterone production was accompanied

by the suppression of 3β-HSD gene expression in the Leydig cells, while 17β-HSD, p450scc,

and StAR expression levels not affected (Fig. 5b). In antral follicle culture, similar to the

Leydig cells, mC-20 effectively suppressed hCG-stimulated progesterone production from

the follicle at the concentration of 100 nM, while mChemerin was effective at 10 and 100 nM

(Fig. 6b). The suppression of progesterone production from follicles was accompanied by an

inhibited gene expression of follicular 3β-HSD as well (Fig. 6b).

Discussion

Based on the bioinformatic prediction of possible mature peptide(s) in the pre-pro-chemerin

sequences, we find a 20 amino acid peptide flanked by putative convertase cleavage sites,

which is evolutionary conserved among 9 mammalian species and we named it C-20. Then,

huC-20 and mC-20 were synthesized to study its pharmacology in receptor binding,

subsequent signaling, and bioactivities in vitro. HuC-20 and mC-20 can bind to human

CMKLR1 and GPR1 receptors with comparable IC50, suggesting that C-20 can be a potent

ligand for CMKLR1 and GPR1 with high affinity. It also demonstrated the C-20

conservation between different species. The binding capacity of C-20 to CMKLR1 was

further demonstrated as huC-20 significantly triggered the CMKLR1 internalization

expressed on the HEK293 cells. Furthermore, C-20 stimulated both the gene and protein

expression of C-FOS in HEK293 cells, depending on the CMKLR1 expressed on the cells.

C-FOS belongs to the immediate early gene family of transcription factors involved in

important cellular physiological and pathological processes.22-24 The expression level of C-

FOS is normally low in quiescent cells, but is rapidly up-regulated with extracellular signals

such as diverse hormonal stimulations.25,26 The functional binding of C-20 to CMKLR1

was further demonstrated by the stimulated cAMP production by C-20 treatment using FBS

and chemerin as positive controls.

The bioactivity of C-20 was tested in vitro both by transwell chemotaxis assay and primary

Leydig cells culture. C-20 elicited the chemotactic of hu-CMKLR1/L1.2 cells as chemerin

did, only that C-20 required a higher dose of 1 nM to be effective compared with the 0.3 nM of

chemerin. Chemerin was reported for its suppressive roles in steroidogenesis in human and

rat granulose cells of the follicles.10,11 So far no role of chemerin in male reproduction was
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reported. To test the bioactivity of C-20 in gonadal steroidogenesis, we evaluated the effect

of C-20 treatment on the testosterone production from primary Leydig cells and the

progesterone production from large antral follicles. Our result showed that chemerin

receptors CMKLR1 and GPR1 were shown by immunohistochemistry to be expressed in

testes especially in the Leydig cells and in ovaries, especially the theca cells. Both

recombinant chemerin and mC-20 showed suppressive effect on the hCG-stimulated

testosterone production from the Leydig cells and progesterone production from the antral

follicles. In consistence with its comparable but less potent binding capacity to CMKLR and

GRP1 compared with chemerin, C-20 showed its suppressive effect at 100 nM concentration

for both testosterone secretion and progesterone secretion, while 1 and 10 nM was not

effective. On the contrary, recombinant chemerin was effective at 1, 10, and 100 nM for

testosterone secretion from Leydig cells and 10 and 100 nM for progesterone production from

antral follicles. This means that C-20 shared similar but less potent action compared with

chemerin. In line with this, we find that both mC-20 and recombinant chemerin elicited

significantly chemotactic response of huCMKLR1/L1.2 cells, while chemerin is more than

twofold effective than mC-20 at the same dose 1 nM. Also, the inhibitory effect of C-20 upon

testosterone/progesterone production was associated with a significant decrease in the gene

expression level of the key steroidogenic enzyme −3β-HSD. The causative relationship

between these phenomena is yet to be proven. Nevertheless, our data showing that C-20, like

chemerin, were able to inhibit hCG-stimulated testosterone/progesterone production, and to

decrease mRNA expression levels of 3β-HSD. This together with the immunolocalization of

chemerin receptors CMKLR1 and GPR1 to the Leydig cells of testes and the theca cells of

ovaries strongly suggests that C-20 and chemerin negatively regulated gonadal steroidogenic

function.

The C-terminal proteolytic processing was very important for the bioactivity of chemerin.2

Series short peptides derived from the chemerin C-terminus was reported by different

groups with significant bioactivity, mostly based on the intracellular calcium release

functional assay.5,27-30 Two groups reported anti-inflammatory activity of the chemerin-

derived peptides, mouse C2129 and mouse C1928, in animal disease models. Although none

has been reported to be generated in vivo, several proteases have been shown to activate

chemerin from prochemerin including elastase, cathepsin G,31 cathepsin L and K,32 plasmin,

and tryptase.33,34 To check whether it is possible that C-20 could be a result of in vivo

protease cleavage of prochemerin or chemerin. Mouse recombinant chemerin (mChemerin)

was incubated for 4 h with different basic proteases (such as carboxypeptidase B, cathepsin

C, clostripain, plasmin, and thrombin) and the cleavage products were desalted and analyzed

by mass spectrometry. As a result, at the presence of cathepsin C, a peak with a molecular

mass of ~2152 Da was observed, corresponding to the peak of synthetic mC-20 (Figure S2).

In summary, based on the bioinformatic search for putative small peptides in the conserved

region of pre-pro-chemerin, an evolutionary conserved region flanked by potential

convertase cleavage sites was identified and named as C-20. C-20 was shown to bind to

CMKLR1 and GPR1 with high affinity, triggered CMKLR1 internalization and stimulated

subsequent signal C-FOS expression and cAMP production. In primary Leydig cells and

antral follicles, compared with chemerin, C-20 showed similar but less potent suppressive
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effect on testosterone production and progesterone production, respectively. The estimated

plasma and serum concentration for chemerin was 3.0 and 4.4 nM in human and 0.6 and 0.5

nM in mouse, respectively.16 The functional concentration of C-20 in our study is at the

nanomolar range. Although less potent compared with recombinant chemerin, considering

the high cost from the production of recombinant chemerin, out data suggested that after

optimization, C-20 is possible to be a useful experimental tool for the understanding of the

biological functions of chemerin/CMKLR1 and chemerin/GPR1 signaling, especially in

steroidogenesis.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Bioinformatic prediction of conserved chemerin-derived peptide C-20. Amino acid

sequences of pre-pro-chemerin from different vertebrates are aligned to search for

evolutionary conserved putative peptide regions. Consensus basic residues representing

putative convertase cleavage sites are shadowed and indicated by arrows, flanking the

predicted chemerin-derived-peptide C-20. GenBank numbers for individual chemerin genes

are human: NP_002880.1; chimpanzee: JAA28993.1; monkey: NP_001253612.1; rabbit:

XP_002722563.1; pig: NP_001116658.1; cattle: NP_001039485.1; rat: NP_001013445.1;

hamster: NP_001231216.1; mouse: NP_082128.1.
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Fig. 2.
C-20 bound to CMKLR1 and GPR1 and triggered CMKLR1 internalization. (a) Radioligand

binding assay showed that both huC-20 and mC-20 can bind to CMKLR1 and GPR1

expressed in HEK293 cells. The IC50 for huChemerin, huC-20, and mC-20 to huCMKLR1/

HEK293 cells were 0.3, 1.6, and 2.5 nM, respectively; the IC50 for huChemerin, huC-20, and

mC-20 to huGPR1/HEK293 cells were 0.5, 3.5, and 5.0 nM, respectively. Neuronostatin

(NTS) was used as negative control. (b) HuC-20 triggered the internalization of

huCMKLR1/HEK293 cells using huChemerin as positive control and NTS as negative

control. No internalization observed in either huChemerin or huC-20 treated WT/HEK293

cells. Scale bars, 0.75 μm; representative images from four independent experiments.
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Fig. 3.
C-20 stimulated early response gene C-FOS and suppressed cAMP production CMKLR1

dependently. (a) Nuclear C-FOS expression was revealed by ICC. HuC-20 and huChemerin

both stimulated C-FOS expression in huCMKLR1/HEK293 cells, while no such action was

observed in WT/HEK293 cells, both using FBS as positive control. Scale bars, 0.25 μm. (b)

HuC-20 stimulated the early response gene C-FOS expression in huCMKLR1/HEK293

cells, using huChemerin and FBS as positive control. Beta-actin served as the reference

gene. (c) Forskolin at 10 μM stimulated more than 50-fold increase in cAMP production in

both huCMKLR1/HEK293 cells and WT/HEK293 cells. HuC-20 and huChemerin

cotreatment suppressed cAMP production in huCMKLR1/HEK293 cells, while no effect

was observed in WT/HEK293 cells. HuC-20 and huChemerin showed no effect on basal

cAMP production. All data were expressed as mean ± S.E.M.; *P < 0.05 compared with

control group, #P < 0.05 compared with forskolin treatment group, by one-way ANOVA

followed by Student–Newman–Keuls test.
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Fig. 4.
C-20 elicited chemotactic response of huCMKLR1/L1.2 cells. HuChemerin stimulated the

chemotaxis of huCMKLR1/L1.2 cells at 0.3, 1, 10 nM concentration, while the dose of 100

nM showed no effect. HuC-20 showed no chemotaxis effect at 0.3 nM, while effective at 1,

10, and 100 nM. The optimal dose of chemotaxis for huChemerin was 1 nM compared with

the 10 nM of huC-20. WT/L1.2 cells showed no chemotactic response. *P < 0.05 compared

with control group with culture media only, by one-way ANOVA followed by Student-Newman-

Keuls test.
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Fig. 5.
CMKLR1 and GRP1 were immunolocalized in testes, and C-20 showed similar but less

potent suppressive effect on testosterone production from Leydig cells. (a) Chemerin and

C-20 receptors CMKLR1 and GPR1 were immunolocalized in the rat testes, majorly in the

interstitial Leydig cells (left panel). Negative control section was performed in parallel using

non-specific IgG instead of primary antibody (right panel). Scale bars, 0.05 or 0.2 mm, as

indicated in the picture; LC for Leydig cells, ST for seminiferous tubule; representative

sections of n = 5 stain performed on n = 3 rats with similar results. (b) Recombinant mouse

chemerin (mChemerin) suppressed hCG-stimulated testosterone production from Leydig

cells at 1, 10, and 100 nM, while mC-20 was effective at the dose of 100 nM. The suppression

of testosterone production was accompanied by the suppression of 3β-HSD gene expression
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in the Leydig cells, while 17β-HSD, p450scc, and StAR expression levels not affected. Beta-

actin served as the reference gene; all data were expressed as mean ± S.E.M.; #P < 0.05

compared with no treatment control group; *P < 0.05 compared with hCG treatment group

by one-way ANOVA followed by Student–Newman–Keuls test.
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Fig. 6.
CMKLR1 and GRP1 were immunolocalized in the ovary, and C-20 showed similar but less

potent suppressive effect on progesterone production from antral follicles. (a) Chemerin and

C-20 receptors CMKLR1 and GPR1 were immunolocalized in the rat ovary, majorly in the

theca cells of the follicles (left panel). Negative control section was performed in parallel

using non-specific IgG instead of primary antibody (right panel). Scale bars, 0.05 or 0.1 mm

as indicated in the picture; representative sections of n = 5 stain performed on n = 3 rats with

similar results.(b) Recombinant mouse chemerin (mChemerin) suppressed hCG-stimulated

progesterone production from antral follicles at 10 and 100 nM, while mC-20 was effective at

the dose of 100 nM. The suppression of progesterone production was accompanied by the

suppression of 3β-HSD gene expression in large follicles, while 17β-HSD, p450scc, and
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StAR expression levels not affected. Beta-actin served as the reference gene; all data were

expressed as mean ± S.E.M.; #P < 0.05 compared with no treatment control group; *P <

0.05 compared with hCG treatment group by one-way ANOVA followed by Student–Newman–

Keuls test.
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