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Abstract
Background: Adventitial fibroblasts have been shown to play an important role in vascular 
remodeling and contribute to neointimal formation in vascular diseases. However, little is 
known about adventitial fibroblast subpopulations. This study explored the process of isolating 
rat thoracic aorta adventitial fibroblast subpopulations and characterized their properties 
following stimulation with angiotensin II (ANG II), a critical factor involved in cardiovascular 
diseases such as hypertension. Methods: Adventitial fibroblasts were isolated and cultured 
from rat aorta. Fibroblast subpopulations were individually expanded using cloning ring 
techniques. Cells were treated with ANG II (10 nM, 100 nM and 1 μM) for 0.5, 1, 1.5, 3, 6, 
12, or 24 h, and ANG II-induced proliferation and migration were measured by MTT assay 
and Transwell. Cells were treated with ANG II (100 nM) in the presence or absence of ANG II 
receptor antagonists (100 μM), losartan (for AT1) and PD-123319 (for AT2). PreproET-1 mRNA 
and ET-1 were determined by RT-PCR and ELISA, respectively. Collagen type I was detected by 
western blotting. Results: Two major fibroblast subpopulations were found in the adventitia, 
epithelioid-like cells and spindle-like cells; Although ANG II promotes the growth of both 
subpopulations, epithelioid-like cell proliferation shows dose-dependency on ANG II from 
10 nM to 1 μM, while proliferation of spindle-like cells reaches a peak value following 100 
nM ANG II stimulation; ANG II stimulation enhanced epithelioid-like but not spindle-like cell 
migration; ANG II dose-dependently increased the expression of preproET-1 and collagen type 
I, and enhanced ET-1 secretion in epithelioid-like but not spindle-like cells, effects abolished 
by the AT1 receptor antagonist, but not with AT2 receptor antagonist. Conclusion: Adventitial 
fibroblasts are heterogeneous and epithelioid-like subpopulations with high sensitivity to 
ANG II stimulation may be implicated in the pathophysiological mechanisms of vascular 
remodeling, reparative processes and cardiovascular diseases. 
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Introduction 

The vascular adventitia plays a key role in regulating cardiovascular functions, vascular 
homeostasis and is also involved in the development of cardiovascular diseases. The 
homeostasis-maintaining function is fulfilled through the “outside-in” regulation of vascular 
structure and functions by vascular adventitia fibroblasts as a biological treatment center in 
response to stress，injuries，cytokines and hormones [1-3]. Various forms of hypertension, 
atherosclerosis, and vascular injuries are characterized by adventitial fibroblast proliferation, 
migration and differentiation, and collagen deposition [4, 5]. Previous studies examined only 
a few of the many known fibroblast characteristics. For example, fibroblasts of lung tissue 
were shown to be heterogenous with regard to morphology [6, 7], proliferative capacity [7, 
8], and surface marker expression [7, 9]. However, it has not yet been reported whether the 
thoracic aortic adventitial fibroblasts of SD rats are composed of heterogenous fibroblast 
subpopulations with unique functional characteristics.

The role of angiotensin II (ANG II) in the development of hypertension and atherosclerosis 
is well accepted [10]. In addition, it is known that ANG II participates in the pathogenesis of 
cardiovascular and renal diseases through regulation of cell growth, inflammation or fibrosis 
[11, 12]. In cultured adventitial fibroblasts, ANG II stimulates the proliferation [13, 14] and 
migration of the adventitial fibroblasts [14, 15], and the formation of myofibroblast [14, 16]. 
It is well known that ANG II stimulates collagen production in various fibroblasts. Moreover, 
local production of Endothelin-1(ET-1) within the adventitia after ANG II treatment has 
been recently reported [17]. However, little is known regarding the effects of ANG II on the 
fibroblast subpopulations and the underlying mechanisms. 

In view of these considerations, we sought to determine whether adventitial fibroblasts 
of SD rats were composed of heterogenous subpopulations as well as the effects of ANG II 
on the fibroblast subpopulations. The present study demonstrated that fibroblasts could be 
described morphologically as mainly having two shapes, epithelioid-like and spindle-like. 
Furthermore, ANG II receptor antagonists had different effects on the cell subpopulations. 
The characterization of the fibroblast subpopulations and the effects of ANG II on the 
subpopulations suggest that the two cell subpopulations are involved in distinct roles in 
regards to vascular remodeling and the reparative processes.

Materials and Methods

Isolation and Culture of SD Rat Thoracic Aorta Adventitial Fibroblast Subpopulations 
Male SD rats, 6-8 wks. of age, were obtained from the Experimental Animal Center of Hebei Medical 

University. The rats were anesthetized with inhaled isoflurane and then killed by vertebral dislocation. 
After their thoracic aortas were removed and cleaned under sterile conditions, media was separated from 
the adventitia and then the isolated adventitia was rinsed three times with PBS, cut into 1- to 2-mm2 flat 
segments and planted on dishes. Fresh medium consisting of DMEM and F-12 nutrient mixture (DMEM/F-12; 
Invitrogen, Auckland, NZ) supplemented with 20% FBS (BioWhittaker, Lonza, Belgium) and 100×Antibiotic 
Antimycotic Solution (Sigma-aldrich, USA), was added into each dish. The explants were incubated in a 
humidified incubator at 37° C in a 95% air-5% CO2 atmosphere until the cells reached confluence, typically 
4-6 days. From the third day onward, the culture medium was removed and replaced with fresh medium 
every 48 h. Confluent cells were subsequently harvested for passage with a trypsin (0.25%) solution (Sigma-
aldrich). Using a hemocytometer, the cells were counted and this cell suspension were diluted with the 
media containing DMEM/F-12 and 20% FBS. Single cells were plated at a density of 10-50 cells in 100 mm 
dishes. After the cells got adhered, culture medium was replaced and a marker pen was used to mark the 
single cells. Subpopulations were individually expanded using cloning ring and trypsinization techniques. 
When the cells had grown to confluence, they were transferred serially into 24- and 6-well culture dishes. 
In all experiments, fibroblast subpopulations of the 3rd and 4th passages were studied. All animal protocols 
were approved and conducted according to the recommendations from the Research Sub-Committee of 
Hebei Medical University on Animal Care and Use and the Chinese Council on Animal Care.
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Cell Treatment
Cells growing to subconfluence were incubated in serum-free medium for 24 h. Cells were treated 

with ANG II at 10 nM, 100 nM and 1 μM for 0.5, 1, 1.5, 3, 6, 12, or 24 h. The cells were then collected for 
RNA isolation. For protein detection, they were preincubated with losartan (100 μM, Sigma-aldrich) [17, 
18], an ANG II type 1 (AT1) receptor antagonist, and PD-123319 (100 μM, Sigma-aldrich) [17, 18], an ANG 
II type 2 (AT2) receptor antagonist, for 30 min, and then incubated with or without ANG II (100 nM) in the 
presence of the inhibitor. ET-1 peptide in the cell culture medium was determined via ELISA, and Western 
blot analysis was used for measurement of collagen type I protein in whole cell lysates.

Characterization of Isolated Cells by Immunocytochemistry and RT-PCR 
To demonstrate that the cultured cells were not contaminated by endothelial cells, vascular smooth 

muscle cells or leukocytes, the cultured cells for specific cell markers were characterized by means of 
immunocytochemistry and/or RT-PCR. For immunohistochemical study, the cultured cells were stained with 
one of the following antibodies: anti-mouse von Willebrand factor (vWF; 1:500, 1 h. at room temperature; 
GeneTex, USA) as a marker for endothelial cells; anti-rabbit desmin (1:20, 1 h. at room temperature; 
Epitomics, USA), a marker for differentiated vascular smooth muscle cells; and anti-rabbit vimentin (1:100, 
1 h. at room temperature; Epitomics), a nonspecific marker for many cell types.

For RT-PCR study, total RNA was extracted from adventitial fibroblast subpopulations or from intact 
aortas by the use of Trizol (Invitrogen, New Zealand, USA). For the reverse transcription stage, 1 μg of 
total RNA, treated with DNase I, was reversely transcribed in the presence of a random primer and reverse 
transcriptase. For PCR, the synthesized cDNA was amplified by PCR, using an Agilent Stratagene thermal 
cycler (Agilent, USA) with 1.25 units of Taq polymerase (Biomed, Beijing, China), 20 mM Tris-HCl (pH 8.0), 
50 mM KCl, 0.2 mM dNTP, 1.5 mM MgCl2, and 0.02 μM each of the gene-specific oligonucleotide primers 
shown in Table 1. The cyclic program was as follows: Initial denaturization at 95℃ for 5 min, denaturization 
at 95℃ for 1 min, annealing at (48- 52)℃ for 1 min 30 sec, extension at 72℃ for 1 min, and a last cycle at 
72℃ for 10 min. The amplifications were carried out for 30 cycles. PCR products were electrophoresed on 
1.2% agarose gel and stained with ethidium bromide. The amplified DNA from the adventitial fibroblast 
epithelioid-like cell (also named round cell) culture, spindle-like cell (also named spindle cell) culture and 
the aorta were characterized and compared for cell markers of endothelial cells (von Willebrand factor), 
vascular smooth muscle cells (myosin heavy chain and desmin), and leukocytes (CD8). The housekeeping 
gene β-actin was used as a positive control. 

Sizes of Fibroblast Subpopulations 
The cells were harvested with a trypsin (0.25%) solution, centrifuged at a low speed for 5 min, and 

rinsed with normal sodium (Shijiazhuang, Hebei, China). The cells were then added to 0.5 ml of normal 
sodium, and then their size was measured with Epics-X II flow cytometry (Beckman Coulter, USA) according 
to the protocol in the Research Center of the Fourth Hospital of Hebei Medical University (Shijiazhuang, 
Hebei, China).

Growth of Fibroblast Subpopulations 
To examine the in vitro growth characteristics of fibroblast subpopulations, serum-stimulated growth 

was measured by MTT assay (Solarbio, Beijing, China). Cells were sparsely seeded (1.0×104 cells/well) in 
DMEM/F-12 containing 10% FBS in 96-well plates, and cell counts were performed everyday between day 
1 and day 7. Media were supplemented but not replaced with fresh media containing 10% FBS on day 4 to 
avoid blunting the growth of more rapidly proliferating cells. 20 μl MTT solutions (5 mg/ml) was added to 
each group and then incubated for 4 h, followed by the removal of the culture medium, and the replacement 
with DMSO 200 μl/well (Sigma-aldrich). The 96-well plates were oscillated for 10 min, and then absorbance 
values were determined by enzyme immunoassay instruments (ThermoFisher, Finland). The cell growth 
curve was drawn with time as abscissa and absorbance as ordinate. 

ANG II-Induced Proliferation 
Cells were treated with ANG II at 10 nM, 100 nM and 1 μM for 72 h, and the cell proliferation was 

detected by MTT assay as described above.

http://dx.doi.org/10.1159%2F000373939
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ANG II-Induced Migration
Cells were sparsely seeded (1.0×104 cells/well) in each insert of transwell (24 Well Millicell, Millipore, 

EU), and 0.5 ml medium containing 100 nM of ANG II was then added to the lower chamber (24 Well culture 
plate, Sigma). The protocols were conducted according to the instructions, and some modifications were 
made, and then the operation was carried out. The plate was covered and incubated for 0, 0.5, 1, 1.5, or 
12 h. By pipetting out the remaining cell suspension, the cells/media were carefully removed from the top 
side of the insert. The migration insert was placed into a clean well containing 95% ethanol incubate for 20 
min at room temperature before the insert was dipped into a beaker full of water several times, then the 
migration insert was placed into a clean well containing 400 μl of 0.1% of liquid dye crystal violet (Yongda, 
Tianjin, China). After the insert was incubated for 20 min at room temperature, the insert was dipped into a 
water beaker several times to rinse, and then it was examined under the microscope. The stained insert was 
transferred to a clean well containing 33% of acetic acid for 5 min at room temperature. At last, the Optical 
Density (OD) was measured with multifunctional detector at 560 nm. This experiment was repeated for 
three times.

Qualitative and Relative Quantification of preproET-1 mRNA by RT-PCR 
The procedures of total RNA extraction, reverse transcription and PCR were described previously. The 

primer sequences for preproET-1 are listed in Table 1.

Measurement of ET-1 Peptide Levels by ELISA 
The cell culture medium was collected for ET-1 ELISA measurement. The concentration of ET-1 in 

culture medium was determined by using a commercial ELISA kit (Cusabio, Hubei, China) according to the 
manufacturer's instructions. The ET-1 release was expressed as fM of ET-1 per 105 cells.

Measurement of Collagen Type I Expression by Western Blot Analysis 
Cells were cultured with or without different treatments for 24 h. and lysed with RIPA lysis 

buffer (BestBio, Shanghai, China) containing 50 mM HEPES (pH 7.5), 100 mM NaCl, 1% Triton, 2.5 mM 
β-glycerophosphate, 10% glycerol, 5 mM MgCl2, 1 mM EGTA, 50 mM NaF, 1 mM sodium orthovanadate, 10 μg/
ml leupeptin, 10 μg/ml aprotinin, and 1 mM phenylmethylsulfonyl fluoride. Equal amounts of total proteins 
(20μg/well) were separated by electrophoresis in SDS-PAGE under reducing conditions and transferred to 
a PVDF membrane (Millipore). Collagen type I (Abcam, HongKong, China) was detected by incubating the 
membranes with polyclonal antibody against collagen type I (1:2000) overnight at 4°C. The membranes 
were then incubated with the secondary peroxidase-conjugated antibody (1:2000) and detected by the ECL 
kit (MultiSciences, Beijing, China) according to manufacturer's instructions.

Data analysis 
Results were expressed as means ± SD. Each observation was reproduced in the cells isolated from at 

least three different animals. Statistical comparisons were made using Two-way ANOVA. Differences of P < 
0.05 were considered significant.

Table 1. Sequences for primers. *: von Willebrand factor; †: myosin heavy chain

http://dx.doi.org/10.1159%2F000373939
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Results

Isolation of purified Fibroblast Subpopulations 
Cloning ring technique was utilized to determine that clones, or at least highly purified 

primary fibroblast subpopulations, could be derived from the thoracic aortic adventitia. 
Aggregate fibroblast populations were enzymatically dispersed from the cleaned adventitia 
and suspended in media. When single cells were transformed into a clone colony, cloning 
ring and trypsinization techniques allowed for expansion, providing sufficient means for 
biochemical and functional characterization. Thus, the cloning ring technique could be used 
to establish purified primary fibroblast subpopulations from the thoracic aortic adventitia 
of the SD rats. 

It was determined by analyzing the fibroblast subpopulations derived from each animal 
that the thoracic aortic adventitia of the SD rats, like other fibroblast-enriched tissues [6, 9, 
13-15], was composed of multiple morphologically, biochemically, and functionally distinct 
populations. When examined by an inverted phase contrast microscope, the cells in the ≥120 
subpopulations that were evaluated could be described as having two general morphologies, 
one appearing elongated or spindle shaped (Fig. 1Ai, named spindle cell) and the other 
more rounded or epithelioid in shape (Fig. 1Aii, named round cell). Within these two broad 
classifications, there were differences among subpopulations in characteristics such as cell 

 

 

 
 

Ai AiiAi Aii

Bi Bii BiiiBi Bii Biii

CC

Fig. 1. Cell purity identi-
fication of fibroblast sub-
populations. A. fibroblast 
subpopulations derived 
from the adventitial fib-
roblasts demonstrate an 
epithelioid appearance, 
named round cell (Aii), 
and another appears a 
spindle shape, named 
spindle cell (Ai). B. Im-
munofluorescence stains 
of fibroblasts are shown 
for desmin, a marker for 
vascular smooth muscle 
cells (Bi), vWF, a marker 
for endothelial cells (Bii), 
and vimentin, a nonspe-
cific marker for many cell 
types (Biii). The nucleoli 
were stained by DAPI. 
There is no dense stai-
ning for desmin and vWF, 
but strong staining for 
vimentin in SD rat aortic 
adventitial cells. C. Cell 
purity identification by 
RT-PCR. SC: spindle cell; 
RC: Round cell. Round cells and spindle cells derived from the adventitia of the aorta shows no expression 
for vWF (endothelial cell marker), CD8 (leukocytes marker), desmin and MHC (vascular smooth muscle cell 
marker). In contrast, the aorta has strong positive staining for vWF, CD8, MHC and desmin. Both cultured 
fibroblast subpopulations and aorta tissue expresses β-actin (housekeeping gene). Each photograph is a 
representative example of the 3 experiments from 3 SD rats.

http://dx.doi.org/10.1159%2F000373939


Cell Physiol Biochem 2015;35:1137-1150
DOI: 10.1159/000373939
Published online: February 06, 2015

© 2015 S. Karger AG, Basel
www.karger.com/cpb 1142

An et al.: Adventitial Fibroblast Subpopulations’ Characterization

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

size (Fig. 2), pattern of organization (i.e., 
whorl vs. linear), and shape (Fig. 1A). These 
morphological findings support the idea that 
the thoracic aortic adventitia is composed of 
a mixed population of fibroblasts in SD rats.

Characterization of Vascular Adventitial 
Fibroblast Subpopulations 
Under the microscope, adventitial 

fibroblasts derived from the explants 
displayed a smooth cell border and spindle-
like bipolar and tripolar morphology. 
Each pole presented a small process. After 
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Fig. 2. Cell sizes detected by a flow cytometry(A) and inverted phase contrast microscope(B). Ai, Bi. Spindle 
cells, Aii, Bii. Round cells. Spindle cells had two diameters while round cells had only one.

Fig. 3. Cell proliferation of spindle cells and round 
cells. A. Serum-stimulated growth of two cells. the 
exponential phase of growth in round cells is from 
the 2nd to the 4th day after passage; and for spind-
le cells, the exponential phase of growth is from the 
3rd to the 5th day after passage. B. Effects of ANG II 
at 10 nM, 100 nM and 1 μM for 72 h on proliferation, 
we can see that the growth of the two cells have dif-
ferent trends. **P < 0.01 vs respective control group. 
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confluence, these cells displayed a multilayer phenotype. Immunocytochemical analysis of 
the cultured cells derived from the adventitia showed no staining for desmin (Fig. 1Bi) and 
vWF (Fig. 1Bii). In contrast, all cells had strong positive staining for vimentin (Fig. 1Biii). 
These results indicated that the cell culture contained primarily fibroblasts with little or no 
contamination from endothelial and smooth muscle cells, thus the fibroblast subpopulations 
were pure clones.

Characterization of mRNA of various cell markers in cultured fibroblast subpopulations 
by RT-PCR is shown in Fig. 1C. The cultured cells derived from the adventitia of the aorta did 
not show any expression for vWF, CD8, MHC, and desmin. In contrast, the aorta had strong 
positive staining for vWF, CD8, MHC, and desmin. Both cultured fibroblasts and aorta tissues 
expressed β-actin.

Sizes of Fibroblast Subpopulations 
It was observed by Epics-X II flow cytometry in size comparison between the two 

subpopulations that spindle cells had two spikes and round cells had one spike. In other 
words, spindle cells had two diameters while round cells had only one. This result was 
consistent with what was observed under an inverted microscope (Fig. 2).

Growth of Fibroblast Subpopulations 
The MTT method can accurately reflect the number of viable cells and objectively reflect 

cell proliferation. Growth curves were generated for the two fibroblast subpopulations 
isolated from the adventitia of SD rats, which shows that the isolated fibroblast subpopulations 
exhibit differences in growth capability. Marked differences in growth capacity in the 
presence of 10% serum-containing media were noted between the subpopulations (Fig. 
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Fig. 4. Effects of 
ANG II on migrati-
on in spindle cells 
and round cells. 
The cells are incu-
bated with ANG II 
at various concen-
trations (10 and 
100 nM, 1 μM) for 2 
h. A.  Crystal  violet 
staining. B. Control 
with spindle cells, 
ANG II (100 nM 
and 1μM) signifi-
cantly increased 
migration of round 
cells. Results are 
means ± SD of 3 
experiments. *P < 
0.05, **P < 0.01 vs 
respective control 
cells.
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3A). Round cells proceeded into an index dividing phase on the 2nd day, while spindle cells 
proceeded into an index dividing phase on the 3rd day. 

ANG II-Induced Proliferation of Fibroblast Subpopulations 
Fig. 3B shows that, compared with respective control group, ANG II (10 and 100 nM, 1 

μM) has a different response to cell proliferation between the two subpopulations. ANG II (1 
μM) can increase the proliferation of round cells significantly (30.5%, P < 0.01). 

ANG II-Induced Migration of Fibroblast Subpopulations
ANG II (100 nM) induction of cell  migration in various time periods after treatment 

was time-dependent, T=2 h., cell migration of spindle cells and round cells did not have a 
statistically significant difference (data not shown). In a further comparison of the effects 
of various ANG II concentrations on migration, T=2 h. was selected to observe the result. The 
data demonstrated that ANG II (100 nM and 1μM) significantly increased migration of round 
cells, but no obvious influence on the migration of spindle cells was observed (Fig. 4).

ANG II-Induced Expression of PreproET-1 mRNA 
The effects of incubation time with ANG II on the expression of preproET-1 mRNA in 

cultured fibroblast subpopulations are presented in Fig. 5A. The expression of preproET-1 
mRNA reached a maximum at the 0.5 h mark (P < 0.05) after incubation with ANG II (100 
nM). Thereafter, preproET-1 mRNA expression decreased progressively.

The effects of various concentrations of ANG II on the expression of preproET-1 mRNA 
in cultured fibroblast subpopulations are displayed in Fig. 5B. The cells were incubated in 
the presence and absence of ANG II (10 and 100 nM, 1 μM) for 30 min. In the absence of 
ANG II, preproET-1 mRNA expression of the two subpopulations was detectable but low. In 
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Fig. 5. Effects of ANG II on expression of 
preproET-1 in spindle cells and round 
cells. A. Cells were incubated with ANG 
II (100 nM) for various times. Maximal 
stimulation was detected after 30 min 
of incubation. B. The cells were incuba-
ted with ANG II (0, 10 nM, 100 nM, and 
1 μM) for 30 min. Results are means ± 
SD of 3 experiments. **P < 0.01 vs res-
pective control cells.
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contrast, the addition of ANG II evoked a concentration-dependent increase in preproET-1 
mRNA expression. The preproET-1 mRNA expression was significantly different in round 
cells (P < 0.01) and no significant difference was observed with spindle cells (P > 0.05).

Figure 6A shows the effects of ANG II receptor antagonists on the increase in preproET-1 
mRNA expression evoked by ANG II. In round cells, pretreatment with the AT1 receptor 
antagonist losartan (100 μM), but not the AT2 receptor antagonist PD-123319 (100 μM), 
blocked the elevations in preproET-1 mRNA evoked by ANG II. In spindle cells, neither 
losartan nor PD-123319 had a significant effect on preproET-1 mRNA. Neither antagonist 
affected preproET-1 mRNA expression in the absence of ANG II. These data suggest that the 
induction of the expression of preproET-1 mRNA by ANG II is mediated by AT1 receptors in 
round cells. 

Effects of ANG II on ET-1 Release 
Figure 6B presents the effects of ANG II receptor antagonists on ET-1 release. In round 

cells, the ANG II-evoked increases in ET-1 release were blocked by losartan (100 μM) but not 
by PD-123319 (100 μM). In spindle cells, losartan and PD-123319 did not have a significant 
effect on ET-1 release. Neither antagonist affected ET-1 levels in the absence of ANG II.

ANG II- Induced Expression of Collagen Type I Protein 
The expression of collagen type I protein in fibroblast subpopulations is showed in Fig. 

7. ANG II (100 nM) did not have a significant effect on collagen type I protein expression 
in spindle cells, but caused a significant increase in round cells. The expression of collagen 
type I protein in round cells which were preincubated with Losartan (100 μM) and then 
incubated with ANG II (100 nM) for 30 min in the presence of the inhibitor was inhibited by 
the AT1 receptor antagonist, Losartan, but not by AT2 receptor antagonist, PD-123319.

A 

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75

Spindle cells
Round cells

**

con           Los         PD           con         Los         PD
                                                      ANG II

pr
ep
ro
ET

-1
/β

-a
ct
in

 

B 

0.00

0.25

0.50

0.75

1.00

1.25

1.50

Spindle cells
Round cells

**

con           Los         PD           con         Los         PD
                                                      ANG II

ET
-1
(μ

g/
m
l)

 

Fig. 6. Effects of ANG II receptor 
inhibitors on ANG II-induced ex-
pression of preproET-1 (A) and 
release of ET-1 peptide (B) in 
spindle cells and round cells. Con: 
control, Los: Losartan, PD: PD-
123319. The cells were preincu-
bated with Losartan (100 μM), an 
AT1 receptor antagonist, and PD-
123319 (100 μM), an AT2 receptor 
antagonist for 30 min. The cells 
were then incubated with or wit-
hout ANG II (100 nM) for 30 min 
(A) or 24 h (B) in the presence of 
the inhibitor. Results are means ± 
SD of 3 experiments. **P < 0.01 vs 
respective control cells.
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Discussion

In this study, the main findings were that the adventitia of SD rats were composed 
of numerous phenotypically distinct subpopulations of fibroblasts. Under a microscope, 
fibroblast subpopulations derived from the explants displayed a smooth cell border 
and spindle-like bipolar morphology, namely round cell and spindle cell and the two 
subpopulations had significant differences in response to external factors, such as serum 
and ANG II. Extensive literature demonstrates fibroblast heterogeneity in other tissues [6, 7, 
9, 19, 20-23]; it is perhaps not surprising that fibroblast heterogeneity in the thoracic aortic 
adventitia of SD rat would be proved in this study. However, there were differences between 
the subpopulations in such aspects as morphology, the size of cells, the serum-stimulated 
growth, the ANG II-stimulated cell proliferation and migration, and the expression of ET-1 
and collagen I protein. 
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Fig. 7. Effects of ANG II and its receptor inhibitors on the expression of collagen type I protein synthesis. The 
cells were preincubated with losartan (100 μM), an AT1 receptor antagonist, PD-123319 (100 μM), an AT2 
receptor antagonist for 30 min. The cells were then incubated with or without ANG II (100 nM) for 24 h in 
the presence of the inhibitors. Ai, Bi. a representative blot of type I collagen protein levels detected by Wes-
tern blot. Aii, Bii. pretreatment with losartan, but not with PD-123319, inhibited the induction of collagen 
type I, suggesting the induction was AT1 receptor-mediated in round cells. The results are means ± SE of 4 
experiments. **P < 0.01 vs respective control group, ▲▲P < 0.01 vs respective ANG II group.
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The present study has examined various characteristics of the fibroblast. Differences 
are observed in the characteristics of the subpopulations of skin fibroblasts and pulmonary 
artery adventitial fibroblasts derived from several animals. More importantly, the growth 
rate pattern of the heterogenous subpopulations obtained from one animal has a striking 
resemblance to the subpopulations derived from other animals, indicating that the observed 
heterogeneity is a consistent and true characteristic of the fibroblast subpopulations of SD 
rat adventitia [19-22, 24-26]. 

Our previous studies demonstrated for the first time that adventitial fibroblasts 
synthesize and release ET-1 after stimulation by ANG II and that the released ET-1 is 
biologically active [17]. In the current study, ANG II significantly increases the expression 
of preproET-1 mRNA and protein in round cells in a concentration- and time-dependent 
manner, and has no significant effect on the expression of preproET-1 mRNA and protein 
in spindle cells. The ANG II-evoked increases in ET-1 synthesis and release appear to be 
mediated by the AT1 subtype. The AT1 antagonist losartan, but not the AT2 antagonist PD-
123319, blocks the increase in ET-1 evoked by ANG II in round cells, while no significant 
effect on spindle cells is observed.

The influence of adventitia on vascular functions is recognized [13, 27]. Structural 
changes in the adventitial layer, termed adventitial remodeling, are observed in vascular 
disease settings, such as hypertension, atherosclerosis [28, 29], restenosis after balloon 
angioplasty, arteritis, and thoracic aortic dissection [30-32]. 

ANG II participates in the pathogenesis of cardiovascular and renal diseases by 
regulating cell growth, causing inflammation and fibrosis. In cultured fibroblasts, ANG II 
stimulates proliferation and migration [15, 33], and this is consistent with our result. In this 
study, ANG II (100 nM) significantly increases the proliferation and migration of round cells, 
but no significant influence on spindle cells is observed. 

The differentiation of fibroblasts into myofibroblasts is regulated by a complex 
microenvironment consisting of growth factors, cytokines, adhesion molecules, and 
extracellular matrix molecules. TGF-β is a well-known cytokine capable of inducing transition 
of a fibroblast into a myofibroblast phenotype by stimulating α-SM-actin expression and 
collagen production [34-36]. Thrombin and ET-1 are also reported to induce differentiation 
of normal lung fibroblasts into a myofibroblast phenotype [37, 38]. Our previous study 
demonstrated that ET-1 can induce fibroblast subpopulations into myofibroblast, and the 
differentiation capability of the subpopulations is significantly different. This study found 
that ANG II-induced collagen synthesis varied in these two subpopulations. ANG II-induced 
collagen synthesis could be significantly blocked with Losartan in round cells, yet this effect 
was not observed in spindle cells. ANG II also had no significant effect on collagen synthesis 
of two subpopulations with PD123319.

Experimental data indicate that the vascular adventitia is a key regulator of vessel wall 
structure and function in health and disease [3, 5, 39-41]. It is considered that the vascular 
adventitia is the most complex compartment in the vessel wall structure and comprises 
mainly of adventitial fibroblasts [42]. It is also clear that as the sensor, adventitial fibroblasts 
are first to be activated in response to vascular injury or environmental stress, and then 
undergoes phenotypic changes [1, 43-46]. Our presented data supports the theory that 
only certain fibroblast subpopulations within a tissue can respond to injury or stress with 
their specific proliferation and migration capability [7, 47, 48]. These results suggest that 
both the epithelioid-like and the spindle-like cells may respond to ANG II stimulation in a 
different manner. The epithelioid-like cells are highly sensitive to ANG II induced preproET-1 
and collagen type I mediated through the AT1 receptor. Although the spindle-like cells 
proliferation rate reaches a peak value with 100 nM ANG II stimulation, ANG II stimulation 
does not affect the spindle-like cells migration or increase the expressions and secretions 
of preproET-1 and collagen type I. It may a partly suggest that the epithelioid-like cells are 
more sensitive than the spindle-like cells in response to vascular injury and stress. Early 
activation of the epithelioid-like cells may play an important role in regulating vascular wall 
structure and function through production of chemokines, cytokines and reactive oxygen 
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species (ROS), where as spindle cells are mainly involved in the physiological mechanisms of 
maintaining vascular structure, function and homeostasis. 

Beyond these morphologic and functional descriptions of adventitial fibroblasts, 
no reliable and specific cell marker for the fibroblast has been found to date. It is difficult 
with current tools to identify precisely fibroblasts in vivo and in vitro. Therefore, to identify 
fibroblasts, the methods of excluding the possibility of other cell lineages by the lack of specific 
cell markers (nonleukocyte, nonendothelium, nonsmooth muscle cell, and nonepithelium) 
are often employed [1, 17]. Various markers for fibroblasts including discoidin-domain 
receptor 2, and prolyl-4-hydroxylase, among others, have been utilized to identify the 
fibroblast [42]. However, all those markers are also expressed in other cell types and are 
not present in all fibroblasts [1]. Accordingly, we can not specifically reveal the functions of 
adventitial fibroblast subpopulations in response to vascular pathological and physiological 
process, especially in vivo. We will therefore further investigate the differences between the 
epithelioid-like cells and the spindle-like cells through identifying the surface markers in 
terms of cytoskeletal composition, lipid content and cytokine profile [7, 47, 48]. In hopes 
of furthering the comprehension and differentiation between fibroblast subpopulations in 
health and disease.

In conclusion, vascular adventitial fibroblasts of SD rats had two cell subpopulations: 
round cells and spindle cells. ANG II significantly enhanced cell proliferation and migration, 
and increased the expression of preproET-1 mRNA in round cell subpopulation. It is 
suggested that these two cell subpopulations may have different migratory mechanisms in 
response to stress, injury and cytokines and hormones. Significant differences in phenotype, 
function and mechanism were observed, which reveals that the two cell subpopulations play 
different roles in the pathophysiological mechanisms of vascular remodeling and reparative 
processes.
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