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RELMa can cause contraction of rat aortic smooth
muscle cells
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Abstract: Objective: This study aims to observe the contraction role of RELMa in rat aortic smooth muscle cells and
explore its mechanism. Methods: Rat aortas smooth muscle cells were cultivated using tissue explants method.
They were divided into 5 groups. A: Control group; B: 1x107 mol/L ANGII group; C: 1x10® mol/L RELMa group; D:
2x10® mol/L RELMa group; E: 4x10® mol/L RELMa group. The thoracic aortic tension signal of rats was recorded
by Powerlab system. The expression levels of CaM and MLCK were detected by western blotting and RT-PCR meth-
ods. Results: Tension changes of rat thoracic aorta vascular ring in group C, D and E (72+£2.98%, 76.65+2.73%,
85.07+3.06% respectively) were higher than that of group A and B (6.35+0.75%, 61.47+4.47%) with dose-depen-
dent (P<0.01). The expression levels of CaM and MLCK in group C were higher than that of group A and B while
were lower than that of group D and E (P<0.05). The expression levels of CaM and MLCK in group E were the high-
est among the groups (P<0.05). Conclusions: RELMa can cause contraction of rat aortic smooth muscle cells, its
mechanism may be via Ca?*-CaM-MLCK pathway.
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Introduction smooth muscle cells and explore its mecha-
nism.

Resistin-like molecules o (RELM«), formerly

known as found in inflammatory zone 1 (FIZZ1),
is a hypoxia induced mitogenic factor (HIMF)
related with inflammation. Firstly, RELMa was
found to play an important role in pulmonary
vascular remodeling in the model of hypoxia
pulmonary hypertension. Decreased RELM
concentration can reduce the mean pulmonary
artery pressure pulmonary vascular resistance
and remodeling caused by chronic hypoxia in
rats. RELMa has been found in hypoxia pulmo-
nary vascular wall, macrophages and in the
stromal vascular fraction of adipose tissue
recently. RELMa is a pulmonary vascular agent
with more advantage than endothelin-1, angio-
tensin Il and 5-HT, but its function mechanism
is still unknown [1-8].

In this study, we used recombinant RELMa pro-
tein to stimulate isolated artery ring to observe
the contraction role of RELMa in rat aortic

Materials and methods
Cell culture

Rat aortic smooth muscle cells (RASMC) we-
re purchased from ScienCell Research La-
boratories. The cells were grown in DMEM high
glucose medium supplemented with 10% fetal
bovine serum, 100 ug/ul of penicillin and strep-
tomycin. They were cultured at 37°C with 5%
CO,. They were divided into 5 groups. A: Control
group, culture for 48 h; B: intervened culture
with 1x107 mol/L ANGII for 48 h; C: intervened
culture with 1x10® mol/L RELM« for 48 h; D:
intervened culture with 2x10% mol/L RELMa for
48 h; E: intervened culture with 4x10® mol/L
RELMa for 48 h.

Tension determination of vascular ring

SD rat was anesthetized with 10% chloral
hydrate, the chest is open after execution and
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Figure 1. The graph of electro-record of muscle cell contraction.
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Figure 2. The vascular tension changes in different groups. A: Control
group; B: 1x107 mol/LANGII group; C: 1x10® mol/L RELMa group; D:
2x10® mol/L RELMa group; E: 4x10® mol/L RELMa group. *P<0.01 vs

control.

thoracic aorta was isolated. The isolated tho-
racic aorta was placed into pre-saturated with
95% 0, and 5% CO, mixed gas K-H buffer at
4°C and the connective tissue around the tho-
racic aorta was eliminated carefully. Finally it
was cut into 3-4 mm vascular ring. In this study
we used de-endothelium vascular rings and
their tension changes were recorded with
Powerlab four channel physiological instru-
ment. RELMa and ANGII were added to test
their effects on the vascular ring. The calcula-
tion formula of the tension changes = (tension
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to reverse transcription using
reverse transcription Kkit. FI-
uorescence quantitative PCR
was carried out using SYBR
RT-PCR kit according to the
manufacturer’s protocol. B-actin
was used as interior reference. The reaction
conditions: 95°C pre-denatured for 3 min, 95°C
denatured for 20 s, annealing temperature is
58°C for 20 s, 72°C extends 20 s, 35 cycles.

Protein extraction and western blotting

Total proteins of cells in different groups were
extracted and analyzed with SDS-PAGE electro-
phoresis. Then it was electrotransferred to the
PVDF membrane. After the transmembrane,
PVDF membrane was rinsed with TBS for 10 to
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Figure 3. The expression of CaM in different groups. A: Control group;
B: 1x107 mol/LANGII group; C: 1x10® mol/L RELM« group; D: 2x10%
mol/L RELMa group; E: 4x10® mol/L RELMa group. *P<0.05 vs control,
#P<0.05 vs ANGII.
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Figure 4. The expression of MLCK in different groups. A: Control group;
B: 1x107 mol/LANGII group; C: 1x10® mol/L RELMa group; D: 2x10%
mol/L RELMa group; E: 4x10® mol/L RELMa group. *P<0.05 vs control,
#P<0.05 vs ANGII.

shaked at room temperature for
one hour. It was incubated at
room temperature for two hours
after added with appropriate dilu-
tion degree of primary antibody
(diluted with TBST containing 1%
(w/v) skimmed milk powder).Then
the membrane was rinsed with
TBST for three times (5 to 10 min-
utes one time).The membrane
was incubated at room tempera-
ture for one hour with HRP
labeled secondary antibody (1:
10000) diluted with TBST con-
taining 0.05% (w/v) skimmed
milk powder and rinsed for three
times with TBST (5 to 10 minutes
at a time). The protein bands
were scanned and quantified as
a ratio to B-actin.

Statistical analysis

All statistical analyses were per-
formed using SPSS version 17.0
statistical software. Data were
expressed as meanszstandard
deviations (SD). Differences am-
ong groups were analyzed using
variance analysis. The categori-
cal data were analyzed using chi
square test. Values of P<0.05
were considered statistically sig-
nificant.

Results

Tension determination of vascu-
lar ring

The de-endothelium thoracic aor-
tic ring can obviously be contract-
ed by RELMa under the extracel-
lular fluid containing calcium
conditions. The graph of electro-
record was shown in Figure 1.
Vascular tension began to in-
crease after drug administration
for 2 min and reached a plateau
about 10 min. The vascular ten-
sion changes of group A, B, C, D
and E were 6.35+0.75%, 61.47+
4.47%, 72+2.98%, 76.65+2.73%

15 min, placed in TBS/T blocking buffer con- and 85.07+3.06% respectively. Tension chang-
taining 5% (w/v) skimmed milk powder and es in group C, D and E were higher than that of
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Figure 5. RT-PCR of Cam in different groups. A: Control group; B: 1x107 mol/LANGII group; E: 4x10® mol/L RELMa

group. *, #P<0.05, compared with control group.
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Figure 6. RT-PCR of MLCK in different groups. A: Control group; B: 1x10"mol/LANGII group; E: 4x10® mol/L RELMa

group. *, #P<0.05, compared with control group.

group A and B with dose-dependent (P<0.01), it
was the highest in group E (Figure 2).

The effects of recombinant RELMa on the
CaM

The results of Western blotting were shown in
Figure 3. It showed that the normalized expres-
sion levels of CaM in group A, B, C, D and E
were 0.25+0.06, 0.30+0.08, 0.48+0.05, 0.64+
0.04 and 1.17+0.12 respectively. The expres-
sion levels of CaM increased significantly after
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RELMa administration and in a dose-depen-
dent manner. Compared with control group, the
differences were significant (P<0.05).

The effects of recombinant RELMa« on the
MLCK

As shown in Figure 4, the normalized expres-
sion levels of MLCK in group A, B, C, D and E
were 0.26+0.06, 0.29+0.07, 0.45+0.12, 0.59+
0.14 and 1.10+0.12 respectively. The expres-
sion levels of MLCK also increased significantly
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after RELMa administration and also in a dose-
dependent manner. Compared with control
group, the differences were significant (P<0.05).

RT-PCR results

RT-PCR results were shown in Figures 5 and 6.
We found that the normalized expression levels
of CaM mRNA in group A, B and E were
0.30+0.08, 0.66+0.23 and 1.1+0.23 respec-
tively, the normalized expression levels of
MLCK mRNA in group A, B and E were 2.01x10
4+1.55%x10%, 4.85x10%+1.24x10* and 7.87x
104+2.80%10* respectively. RELMa could in-
creased the expression levels of CaM and
MLCK significantly (P<0.05).

Discussion

RELMa is a kind of cytokines belongs to secret-
ed protein family. There is a highly conserved
cysteine sequence at the C-end [9, 10]. It
increased in adipose stromal vascular and lung
tissue with inflammatory reaction mediated by
chronic hypoxia and Th2 [11-14]. Previous stud-
ies found that RELMa has the functions of pro-
moting proliferation, angiogenesis, vascular
contraction and chemokine [7, 15, 16]. It plays
important roles in pulmonary arterial hyperten-
sion [17], bronchial asthma [18], pulmonary
fibrosis [19], silicosis and atherosclerosis [20].
The distribution of RELMa has obvious specific-
ity and widely exist in vascular smooth muscle
cells and endothelial cells, monocytes, activat-
ed macrophages and atherosclerotic plaque.
RELMa increased when inducing by IL-4 and
IL-13.

In this study, we observed the contraction
effect of RELMa on blood vessels using the iso-
lated perfused vascular ring method to eluci-
date the direct role of RELMa on cardiovascular
system. We found that the contraction effect of
RELMa was stronger than that of ANGIl and in a
dose-dependent manner. Fan [21] found that
RELMa can induce the increase of intracellular
calcium concentration after stimulating human
pulmonary artery smooth muscle cells, which
was regulated by PLC-IP3 pathway. This pro-
cess is continuous and dynamic, while the pro-
cess of the increase of intracellular calcium
concentration inducing by ANGII was rapid and
transient. Ca2" is an important second messen-
ger in cells and an important molecular basis of
vascular contraction [22]. The regulatory mech-
anism of vascular smooth muscle contraction
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mainly includes Ca?*, CaM and MLCK. CaM was
activated when the intracellular calcium con-
centration increased, MLCK was activated
after combination of activated CaM and Ca?*
and MLCK which causing the phosphorylation
of 20kD myosin light chain (MLC, ) and leading
to vascular smooth muscle contraction. Chen
[23]found that FIZZ1 can enhance the response
to airway smooth muscle contraction by up-
regulating the expression levels of MLCK and
MLC,,. FIZZ1 may cause tracheal epithelial in-
jury after treatment of airway by FIZZ1 and acti-
vate c-Raf-ERK1/2-p38MAPK signal transduc-
tion pathway to contract airway smooth
muscle.

In this study, we explored the mechanism of
contraction in rat aortic smooth muscle cells
caused by RELMa. We found that the expres-
sion levels of CaM and MLCK increased signifi-
cantly after RELMa administration and in a
dose-dependent manner. Compared with con-
trol and ANGII group, the differences were sig-
nificant (P<0.05). They were the highest in 40
nmol/L RELMa group. These results suggested
that RELMa caused contraction of rat aortic
smooth muscle cells may through Ca?*-CaM-
MLCK pathway.

In summary, we found that RELMa can cause
contraction of vascular smooth muscle through
Ca?*-CaM-MLCK pathway, which may play an
important role in the occurrence and develop-
ment of vascular spasm in patients with coro-
nary heart disease. It provides new targets for
clinical prevention and treatment of coronary
heart disease.

Disclosure of conflict of interest
None.

Address correspondence to: Xiaoyan Li, Depart-
ment of Cardiology, The General Hospital of Jinan
Military Region, Jinan 250031, China. E-mail: lixi-
aoyanl@126.com

References

[1] Teng X, Li D, Champion HC and Johns RA.
FIZZ1/RELMalpha, a novel hypoxia-induced
mitogenic factor in lung with vasoconstrictive
and angiogenic properties. Circ Res 2003; 92:
1065-1067.

[2] Holcomb IN, Kabakoff RC, Chan B, Baker TW,
Gurney A, Henzel W, Nelson C, Lowman HB,
Wright BD, Skelton NJ, Frantz GD, Tumas DB,

Int J Clin Exp Med 2015;8(5):7009-7014


mailto:lixiaoyan1@126.com
mailto:lixiaoyan1@126.com

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

7014

RELMa and cellular contraction

Peale FV Jr, Shelton DL and Hebert CC. FIZZ1,
a novel cysteine-rich secreted protein associ-
ated with pulmonary inflammation, defines a
new gene family. EMBO J 2000; 19: 4046-
4055.

Angelini DJ, Su Q, Kolosova IA, Fan C, Skinner
JT, Yamaji-Kegan K, Collector M, Sharkis SJ
and Johns RA. Hypoxia-induced mitogenic fac-
tor (HIMF/FIZZ1/RELM alpha) recruits bone
marrow-derived cells to the murine pulmonary
vasculature. PLoS One 2010; 5: e11251.
Angelini DJ, Su Q, Yamaji-Kegan K, Fan C, Skin-
ner JT, Champion HC, Crow MT and Johns RA.
Hypoxia-induced mitogenic factor (HIMF/
FIZZ1/RELMalpha) induces the vascular and
hemodynamic changes of pulmonary hyper-
tension. Am J Physiol Lung Cell Mol Physiol
2009; 296: L582-593.

Su Q, Zhou Y and Johns RA. Bruton’s tyrosine
kinase (BTK) is a binding partner for hypoxia
induced mitogenic factor (HIMF/FIZZ1) and
mediates myeloid cell chemotaxis. FASEB J
2007; 21: 1376-1382.

Yamaji-Kegan K, Su Q, Angelini DJ, Champion
HC and Johns RA. Hypoxia-induced mitogenic
factor has proangiogenic and proinflammatory
effects in the lung via VEGF and VEGF recep-
tor-2. Am J Physiol Lung Cell Mol Physiol 2006;
291:1L1159-1168.

Li X, Yang Y, Fang J and Zhang H. FIZZ1 could
enhance the angiogenic ability of rat aortic en-
dothelial cells. Int J Clin Exp Pathol 2013; 6:
1847-1853.

Nair MG, Gallagher 1J, Taylor MD, Loke P, Coul-
son PS, Wilson RA, Maizels RM and Allen JE.
Chitinase and Fizz family members are a gen-
eralized feature of nematode infection with
selective upregulation of Ym1 and Fizz1 by
antigen-presenting cells. Infect Immun 2005;
73:385-394.

Steppan CM, Brown EJ, Wright CM, Bhat S, Ba-
nerjee RR, Dai CY, Enders GH, Silberg DG, Wen
X, Wu GD and Lazar MA. A family of tissue-spe-
cific resistin-like molecules. Proc Natl Acad Sci
U S A 2001; 98: 502-506.

Patel SD, Rajala MW, Rossetti L, Scherer PE
and Shapiro L. Disulfide-dependent multimeric
assembly of resistin family hormones. Science
2004; 304: 1154-1158.

Sandler NG, Mentink-Kane MM, Cheever AW
and Wynn TA. Global gene expression profiles
during acute pathogen-induced pulmonary in-
flammation reveal divergent roles for Th1 and
Th2 responses in tissue repair. J Immunol
2003; 171: 3655-3667.

Daley E, Emson C, Guignabert C, de Waal
Malefyt R, Louten J, Kurup VP, Hogaboam C,
Taraseviciene-Stewart L, Voelkel NF, Rabino-
vitch M, Grunig E and Grunig G. Pulmonary ar-
terial remodeling induced by a Th2 immune
response. J Exp Med 2008; 205: 361-372.

(13]

(17]

(18]

(19]

[20]

[22]

(23]

Liu T, Jin H, Ullenbruch M, Hu B, Hashimoto N,
Moore B, McKenzie A, Lukacs NW and Phan
SH. Regulation of found in inflammatory zone
1 expression in bleomycin-induced lung fibro-
sis: role of IL-4/1L-13 and mediation via STAT-6.
J Immunol 2004; 173: 3425-3431.

Nair MG, Du Y, Perrigoue JG, Zaph C, Taylor JJ,
Goldschmidt M, Swain GP, Yancopoulos GD,
Valenzuela DM, Murphy A, Karow M, Stevens
S, Pearce EJ and Artis D. Alternatively activated
macrophage-derived RELM-{alpha} is a nega-
tive regulator of type 2 inflammation in the
lung. J Exp Med 2009; 206: 937-952.

Li D, Fernandez LG, Dodd-o J, Langer J, Wang D
and Laubach VE. Upregulation of hypoxia-in-
duced mitogenic factor in compensatory lung
growth after pneumonectomy. Am J Respir Cell
Mol Biol 2005; 32: 185-191.

Angelini DJ, Su Q, Yamaji-Kegan K, Fan C, Skin-
ner JT, Poloczek A, El-Haddad H, Cheadle C and
Johns RA. Hypoxia-induced mitogenic factor
(HIMF/FIZZ1/RELMalpha) in chronic hypoxia-
and antigen-mediated pulmonary vascular re-
modeling. Respir Res 2013; 14: 1.
Yamaji-Kegan K, Takimoto E, Zhang A, Weiner
NC, Meuchel LW, Berger AE, Cheadle C and
Johns RA. Hypoxia-induced mitogenic factor
(FIZZ1/RELMalpha) induces endothelial cell
apoptosis and subsequent interleukin-4-de-
pendent pulmonary hypertension. Am J Physiol
Lung Cell Mol Physiol 2014; 306: L1090-1103.
Wang J, Li F, Yang M, Wu J, Zhao J, Gong W, Liu
W, Bi W and Dong L. FIZZ1 promotes airway
remodeling through the PI3K/Akt signaling
pathway in asthma. Exp Ther Med 2014; 7:
1265-1270.

Liu T, Yu H, Ullenbruch M, Jin H, Ito T, Wu Z, Liu
Jand Phan SH. The in vivo fibrotic role of FIZZ1
in pulmonary fibrosis. PLoS One 2014; 9:
e88362.

Zhang HM, Li XY, He ZY, Xu LZ, Jin Q and Tan H.
Resistin-like molecule alpha enhances the pro-
liferation and migration of aortic vascular
smooth muscle cells. Cardiology 2013; 126:
91-95.

Fan C, Su Q, Li Y, Liang L, Angelini DJ, Guggino
WB and Johns RA. Hypoxia-induced mitogenic
factor/FIZZ1 induces intracellular calcium re-
lease through the PLC-IP(3) pathway. Am J
Physiol Lung Cell Mol Physiol 2009; 297: L263-
270.

Xu M, Remillard CV, Sachs BD, Makino A, Pla-
toshyn O, Yao W, Dillmann WH, Akassoglou K
and Yuan JX. p75 neurotrophin receptor regu-
lates agonist-induced pulmonary vasoconstric-
tion. Am J Physiol Heart Circ Physiol 2008;
295: H1529-1538.

Chen H, Jacobson BA, Mason L, Wolf SF and
Bowman MR. FIZZ1 potentiates the carbachol-
induced tracheal smooth muscle contraction.
Eur Respir J 2010; 36: 1165-1173.

Int J Clin Exp Med 2015;8(5):7009-7014



