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ABSTRACT

Purpose: The vascular smooth muscle cells (VSMCs) in mature animals have implicated to
play a major role in the progression of cardiovascular diseases such as atherosclerosis. This
study aimed at optimizing the protocol in culturing primary VSMCs (pVSMCs) from rat
thoracic aorta and investigating the effect of cellular zinc (Zn) deficiency on cell proliferation
of the isolated pVSMCs.

Methods: The thoracic aorta from 7-month-old Sprague Dawley rats was isolated, minced
and digested by the enzymatic process of collagenase I and elastase, and then inoculated with
the culture Dulbecco Modified Eagle Medium (DMEM) at 37°C in an incubator. The primary
cell culture morphology was observed using phase-contrast microscopy and cellular Zn

was depleted using Chelex-100 resin (extracellular zinc depletion only) or 3 M N,N,N’,N'-
tetrakis(2-pyridinylmethyl)-1,2-ethanediamine (TPEN) (extracellular and intracellular zinc
depletion). Western blot analysis was used for the detection of SM22a and calponin as
smooth muscle cell marker proteins and von Willebrand factor as endothelial cell marker
protein to detect the culture purity. Cell proliferation by Zn depletion (1 day) was measured
by MTT assay.

Results: A primary culture protocol for pVSMCs from rat thoracic aorta was developed and
optimized. Isolated cultures exhibited hill and valley morphology as the major characteristics
of pVSMCs and expressed the smooth muscle cell protein markers, SM22a and calponin,
while the endothelial marker von Willebrand factor was hardly detected. Zn deprivation for 1
day culture decreased rat primary vascular smooth muscle cell proliferation and this pattern
was more prominent under severe Zn depletion (3 uM TPEN), while less prominent under
mild Zn depletion (Chelexing).

Conclusion: Our results suggest that cellular Zn deprivation decreased pVSMC proliferation
and this may be involved in phenotypic modulation of pVSMC in the aorta.

Keywords: primary vascular smooth muscle cells (pVSMCs), primary cell culture,
vascular calcification, zinc, atherosclerosis
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A
Rat thoracic aorta were harvested (from Sprague Dawley, 7 mon)
The inner endothelial cell layers were scrapped and discarded
The aorta were minced by the use of scissors
The minced tissues were enzymatically digested
by collagenase | and elastase
Then, inoculated in DMEM media with FBS and
Penicillin/Streptomycin
Cell morphology was observed and when confluent,
the primary cells were harvested for further passing the culture
For Zn treatment, cells were at confluent treated
with Chelex-resin 100 or 5 pM TPEN with
the appropriate Zn level (0-50 pM)
B
The Aorta
= Aortic arch
= Thoracic
aorta Endothelium Smooth muscle

s

External elastic

Internal elastic membrane

membrane

Cross section

Adventitia

Fig. 1. The diagram for the isolation of primary vascular smooth muscle cell from rat aorta and cellular Zn
treatment. (A) The isolation and primary cell culture from rat aorta is shown with cellular Zn treatment. (B) Rat
thoracic aorta were collected and then enzymatic digestion and inoculation of culture were processed for primary
cell culture.

Zn, zinc; DMEM, Dulbecco's Modified Eagle's Medium; FBS, fetal bovine serum.
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PN 0, 1 day PN O, 6 days Rat 4, PN 1, 24 days

PN 0, 7 days ....PNO, 8days Rat 7, PN 2, 6 days

C Rat number

SM220; (23 kDa)

Calponin (34 kDa)

von Willebrand factor (260 kDa)

Fig. 2. Cell morphology of isolated rat pvSMCs in cultures (A and B) and smooth muscle cell marker expression
(C). (A) The aorta isolated from rat 1 was cut into small portions and were allowed to adhere to the culture dish.
After 1 day, some cells began to migrate from the tissue explants. At 6 days, healthy cells with a characteristic
fibroblast shape began to grow. At 7-8 days, growing cells began to come in contact with each other and formed
a subconfluent layer. (B) Cell morphology of passaged pVSMCs isolated from different rats. The morphology of
the passaged pVSMCs also exhibited fibroblastic morphology indicating the smooth muscle cell phenotype. (C)
The phenotype of the cultured pvSMCs was assessed by the expression of SM22a. and calponin, both of which are
abundantly expressed by differentiated smooth muscle cells. The purity of the isolated cultures was assessed by
the lack of expression of the endothelial cell marker von Willebrand factor, the common contaminant in pvSMCs
isolation. Protein expression was assessed by Western blotting.

pVSMC, primary vascular smooth muscle cell; PN, passage number.
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Fig. 3. Cell proliferation of rat pvSMCs cultured under extracellular (chelexed) and intracellular (TPNEed) Zn
depletion. pvSMCs were grown until confluence. At confluence, cells were switched to media containing chelexed
serum (extracellular Zn depletion) or 3 pM TPEN (intracellular Zn depletion) resulting in a mild and severe Zn
deficiency, respectively. Cells were treated with Zn for 1 day. Cell proliferation was measured by MTT assay and
presented as % GM (cells cultured in normal GM only). Statistically, Zn effect was analyzed by one-way analysis of
variance at p < 0.05 followed by Turkey as post hoc test.

pVSMC, primary vascular smooth muscle cell; Zn, zinc; GM, growth media.

*dMeans having different superscripts indicated significance among zn treatments (mean = SD, n = 7).
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