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Abstract: Our present study investigates the cellular and molecular inflammatory events in male albino rat arterial injury. Male albino rats were subjected to 
longitudinal incision and carotid artery clamping for the duration of 45 days. Heat shock protein (HSP) 27, HSP70, HSP47 and Nuclear Factor kappa B (NF-κB) 
expressions were determined by qPCR and Western blot method. The morphology of vessel wall alteration was studied by the light microscopy. The expression 
of NF-κB was found to be increased after ten days of carotid artery injury. The qPCR and Western blot analysis showed elevation in HSP47, HSP27, and HSP70 
expression, ten days following the surgical injury. The neointima-formation and the media layer discontinuity were evidenced by light microscopy. The dendritic-
like cells were in close contact with the lymphocytes. Our study reports that the surgical injury induces an inflammatory response through the increased NF-κB 
and HSPs expression.
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Introduction

Angioplasty, bypass grafting, and stenting have been 
associated with endothelial dysfunction of mechanical 
artery injury (1, 2). The vessel wall injury induced reste-
nosis causes activation of the inflammatory response (3, 
4). Thus, association between restenosis and inflamma-
tory response is yet to be investigated (5, 6). The smooth 
muscle cell proliferation and migration have been in-
duced by the inflammatory response, which forms an 
intermediate lesion. Steffens and Mach (7) have repor-
ted the remodeling such as thickening of artery wall 
without unaltered lumen due to prolonged inflammatory 
response. There are several intracellular signaling pro-
motes mitogenic smooth muscle cell proliferation. NF-
κB plays a vital role in the regulation of multiple factors 
involved in proliferative and inflammatory events (8, 9). 

Pockely (10) have reported that the several stress 
factors including, toxic materials, heat, injury, behavio-
ral stress and surgery may induce heat shock proteins 
(HSPs). Yoshimura et al., (11) have reported the NF-
κB have activated in atherosclerotic lesions and arterial 
injury of mammals. Snoeckx et al., (12) have reported 
the HSPs synthesis has been associated environmental 
stress in the blood vessel. The HSPs and NF-κB play a 
significant role in arterial injury vasculopathy induced 
animal model. Whereas, Kong et al., (13) have reported 
the cells derived bone marrow has been associated with 
the repairment of the vascular process. Takahashi and 
Lee (14) have reported the dendritic cells have been lin-
ked to the formation of neointima. Our present study in-
vestigates the expression of NF-κB activation and HSPs 
after carotid surgical injury induced male albino rats.

Materials and Methods

Materials 
Primary antibodies, secondary antibodies, and pri-

mers were obtained from Santa Cruz Biotechnologies 
(Santa Cruz, CA, USA). Assay kit was obtained from 
the Bio-Rad, CA, USA. 

Animals
Rats were obtained from Shangai Animal House. 

Animals were placed in a proper cage with standard 
condition (25± 0.5 °C and 60 ±5%). The male albino 
rats were divided into 4 groups of six rats each.

Induction of carotid injury
Rats were anesthetized with diethyl ether, and rats 

were given an antibiotic. The incision was created in 
the anterior neck region of rats. The plastic made scan-
lom clamp was used for the bypass grafting coronary 
artery on carotids for 20 seconds to induce crushing 
based lesion. Simultaneously, the longitudinal incision 
was created via carotid wall thickness. Male albino rats 
were grouped into five groups, such as, control, 1 day, 
15 days, 30 days and 45 days.

qPCR
The mRNA expression of NF-κB, HsP27, HsP47, 

and HsP70 were determined with use of qPCR. GAPDH 
was used internal control. SYBR Green Master Mix was 
used according to the manufacturers' instructions (15).

Western blot analysis
Rat carotid arteries were removed at fixed time. The 
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membranes were probed with NF-κB, HsP27, HsP47 
and HsP70 antibodies for overnight. Tissues were 
washed with TBST buffer. HRP conjugated goat anti-
rabbit IgG was incubated with the membrane for 1 h. 
The protein levels of NF-κB, HsP27, HsP47 and HsP70, 
were determined (16).

Morphology observation
The morphology of injured and non-injured carotids 

was investigated by the light microscope. The carotid 
tissues were prepared for the light microscope investi-
gation (17) (Shangai, China).

Statistical analysis 
Experimental data were expressed as mean ± SD. 

The statistical difference between injured and non-in-
jured carotids was calculated using ANOVA. A p<0.05 
was taken statistically significant.

Results

NF-κB mRNA and protein expression
The mRNA and protein expression of NF-κB was 

determined in the carotids of male albino rats using 
qPCR and Western blot analysis. NF-κB mRNA expres-
sion occurred in non-injured carotids nuclear extracts at 
a basal level. However, the mRNA expression gradually 
increased and attained peak at 45 days upon carotid in-
jury (Figure 1). The protein expression was calculated 
at two different time points (15 and 30 days). NF-κB 
protein expression occurred at basal level in non-inju-
red carotids nuclear extracts. The protein expression 
gradually increased and attained peak at 30 days upon 
carotid injury (Figure 2).

HsP27 mRNA and protein expression
Expression of HsP27 was determined in the caro-

tids of male albino rats using qPCR and Western blot 
analysis. HsP27 mRNA expression occurred at basal 
level in non-injured carotids nuclear extracts. Howe-
ver, the mRNA expression gradually increased and at-
tained peak at 45 days upon carotid injury (Figure 3). 

The protein expression was calculated at two different 
time points (15 and 30 days). HsP27 protein expression 
occurred at basal level in non-injured carotids nuclear 
extracts. The protein expression gradually increased and 
attained peak at 30 days upon carotid injury (Figure 4).

HsP47 mRNA and protein expression
Expression of HsP47 was determined in the caro-

tids of male albino rats using qPCR and Western blot 
analysis. HsP47 mRNA expression occurred at basal 
level in non-injured carotids nuclear extracts. Howe-
ver, the mRNA expression gradually increased and at-
tained peak at 45 days upon carotid injury (Figure 5). 
The protein expression was calculated at two different 
time points (15 and 30 days). HsP47 protein expression 
occurred at basal level in non-injured carotids nuclear 
extracts. The protein expression gradually increased and 
attained peak at 30 days upon carotid injury (Figure 6).

Figure 1. Up-regulation of mRNA expression of NF-κB after 
carotids injury (1, 15, 30 and 45 days). Expressions of NF-κB 
mRNA were determined with reference to GAPDH. Changes 
were expressed as fold changes and expressed as mean ± SD, n=6, 
*P<0.05.

Figure 2. Up-regulation of protein expression of NF-κB after caro-
tids injury (15 and 30 days). Anti-NF-κB was used to probe with 
extracts of carotids in Western blot analysis.  Densitometry was 
used to quantitate (A), and obtained values were given as means ± 
SD (B), n=6, *p<0.05.

Figure 3. Up-regulation of mRNA expression of HsP27 after ca-
rotids injury (1, 15, 30 and 45 days). Expressions of HsP27mR-
NA were determined with reference to GAPDH. Changes were 
expressed as fold changes and expressed as mean ± SD, n=6, 
*P<0.05.
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vation. Neointima and media layer discontinuity that 
leads to transmigration of the cell. Usually, the adven-
titia and vascular lumen produce cell transmigration. 
Lumen and neointima seem to have the organelle-rich 
and immature cells. The endoplasmic reticulum and 
Golgi apparatus present in these cells. Very few lyso-
somes were present and few infiltrating cells found in 
the neointima region (Figure 9).

Discussion

Our study investigated the possible inflammatory 
events after surgical injury by quantitating NF-κB and 
HsPs mRNA and protein expression. Also, the morpho-
logical changes in the carotids were examined by Light 
Microscope using male albino rats as a mammalian 
model. The TNF-α and IL-1, growth factors, and T-cell 
activation signals activate rapidly the transcription fac-

HsP70 mRNA and protein expression
The expression of HsP70 was determined in the ca-

rotids of male albino rats using qPCR and Western blot 
analysis. HsP70 mRNA expression occurred at basal 
level in non-injured carotids nuclear extracts. Howe-
ver, the mRNA expression gradually increased and at-
tained peak at 45 days upon carotid injury (Figure 7). 
The protein expression was calculated at two different 
time points (15 and 30 days). HsP70 protein expression 
occurred at basal level in non-injured carotids nuclear 
extracts. The protein expression gradually increased and 
attained peak at 30 days upon carotid injury (Figure 8).

Morphology Observation by Light Microscope
The formation of neointima and discontinuity of the 

media layer were observed in our microscopical obser-

Figure 4. Up-regulation of protein expression of HsP27 after caro-
tids injury (15 and 30 days). Anti-HsP27 was used to probe with 
extracts of carotids in Western blot analysis.  Densitometry was 
used to quantitate (A), and obtained values were given as means ± 
SD (B), n=6, *P<0.05.

Figure 5. Up-regulation of mRNA expression of HsP47 after ca-
rotids injury (1, 15, 30 and 45 days). Expressions of HsP47mR-
NA were determined with reference to GAPDH. Changes were 
expressed as fold changes and expressed as mean ± SD, n=6, 
*P<0.05.

Figure 6. Up-regulation of protein expression of HsP47 after caro-
tids injury (15 and 30 days). Anti-HsP47 was used to probe with 
extracts of carotids in Western blot analysis.  Densitometry was 
used to quantitate (A), and obtained values were given as means ± 
SD (B), n=6, *P<0.05.

Figure 7. Up-regulation of mRNA expression of HsP70 after 
carotids injury (1, 15, 30 and 45 days). Expressions of HsP70 
mRNA were determined with reference to GAPDH. Changes 
were expressed as fold changes and expressed as mean ± SD, n=6, 
*P<0.05.
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tor NF-κB (18). The NF-κB was activated rapidly in the 
injured carotids of male albino rats.

The inflammation is so stubborn and persistent in 
the wounded carotids than the non-injured carotids of 
male albino rats. The inflammation is systemic which 
leads expression of NF-κB even in non-injured caro-
tids of male albino rats. Our experimental findings are 
agreed with the findings of Liu et al., (19) have stated 
that the NF-κB expression in the distal organs from the 
inflammation area. However, the injured carotids of 
male albino rats only showed tissue remodeling and cell 
infiltration. The marginal increase in the expression of 
NF-κB not necessarily associated with disuse damage 
and other pathogenesis.

The role of HsPs on atherosclerosis has been widely 
studied (20). However, the role of HsPs in the inflam-
matory response after surgical injury in the carotids yet 
to be investigated. The expression of HsP27, HsP47, 
and HsP70 has been increased immediately after the ca-
rotid injury in male albino rats. The mRNA and protein 
expression was correlated positively with the level of 
infiltrating cells. Greenberg et al., (9) have reported the 
expression of HSP70 limits the carotids damage signi-
ficantly following a vascular injury. Xu et al., (21) have 
reported the induced HSP70 expression provides pro-
tection for vasculature from the carotid damage during 
severe hemodynamic stress. 

Expression of HsP27 has been increased after the 
carotid injury in the male albino rats. Connolly et al., 
(22) have reported that the induced HSP27 expression 
could prevent restenosis. HSP70 and HSP27 expression 
did not increase in the non-injured carotids of rats, whe-
reas it was increased significantly in the carotids. This 
indicates the expression of HsPs was related to protec-
tion from vessel damage. HsP47 was also found to be 
increased in the injured carotids. Sauk et al., (23) have 
reported the HSP47 have associated with procollagen in 
the region of the endoplasmic reticulum.  

Sluijter et al., (24) have reported the overexpression 
of HsP47 in the carotids of smooth muscle has been 
associated with overproduction of collagen and inti-
mal thickening. HsP47 expression was transient in our 
model, and it starts to decline after 30 days. Schell et 
al., (25) have reported the induced expression of HSPs 
protects carotids damage by reducing the NF-κB acti-
vation. The induced NF-κB and HsPs expression indi-
cate their protective role in the injured carotids of male 
albino rats.  However, the further experimental studies 
are to be carried out to define the molecular mechanism 
of these proteins against vascular damage.

The light microscopical investigation confirmed the 
presence of inflammatory cells in the injured carotids of 
male albino rats. The inflammatory could differentiate 
into macrophage, endothelial and dendritic cells whe-
reas infiltrating cells differentiate into smooth muscle 
cells. The microfilament bundles of several types of 
cells express the filamentous actin that enters the arte-
rial wall during injury. Sata et al., (26) have reported the 
participation of endothelial cells in the blood vessels re-
pair following tumor angiogenesis, ischemic injury, and 
atherosclerosis. Bailey and Fleming (27) have reported 
the dendritic cells contact with lymphocytes throughout 
the immune response, and it is believed that the dendri-
tic cells may involve in the regulation of arterial wall 
remodeling.

In conclusion, our data showed the sequence of in-
flammatory events in the injured carotids of male albino 
rats. NF-κB and HsPs expression believed to exert a 
protective role in remodeling and vascular injury. Also, 
our study showed the presence of dendritic cells, and 
their contact with lymphocytes might be crucial finding 
in the inflammatory events.
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12

Inflammation and vascular remodeling.

Cell Mol Biol (Noisy le Grand) 2017 | Volume 63 | Issue 9 

X. Song et al.

were in accordance with the ethical standards of the 
institutional research committee and with the 1964 Hel-
sinki declaration and its later amendments.

Authors’ contributions
Song X. performed design of experiment and Li L. per-
formed the animal experiments and Wu Y. performed 
the qPCR and Zhang L. performed the western blot 
analysis and Li X. performed the statistical analysis and 
preparation of manuscript.

References 

1. Drachman DE, Simon DI. Inflammation as a mechanism and the-
rapeutic target for in-stent restenosis. Curr Atheroscler Rep 2005; 
7: 44-49.
2. Aronson D, Edelman ER. Revascularization for coronary artery 
disease in diabetes mellitus: Angioplasty, stents, and coronary artery 
bypass grafting. Rev Endocr Metab Disord 2010; 11:75-86. 
3. Schillinger M, Minar E. Restenosis after Percutaneous Angio-
plasty: The Role of Vascular Inflammation. Vasc Health Risk Manag 
2005; 1:73-78.
4. Toutouzas K, Colombo A, Stefanadis C. Inflammation and reste-
nosis after percutaneous coronary interventions. Eur Heart J 2004; 
25: 1679-1687.
5. Shah PK. Inflammation, Neointimal Hyperplasia, and Restenosis 
As the Leukocytes Roll, the Arteries Thicken. Circulation 107:2175-
2177, 2003.
6. Bhatt DL. Inflammation and Restenosis: is there a link? Am Heart 
J 2004; 147: 945-947.
7. Steffens S, Mach F. Inflammation and atherosclerosis. Herz 2004; 
29: 741-748.
8. Oeckinghaus A, Ghosh S. The NF-κB Family of Transcription 
Factors and Its Regulation. Cold Spring Harb Perspect Biol 2009; 
1(4): a000034. 
9. Greenberg GJS, Barshack I, Singh M, Prichen S, Laniado S, Ke-
ren G. Accelerated intimal thickening in carotid arteries of balloon-
injured rats after immunization against heat shock protein 70. J Am 
Coll Cardiol 2001; 38: 1564-1569.
10. Pockely AG. Heat shock proteins, inflammation, and cardiovas-
cular disease. Circulation 2002; 105: 1012-1017.
11. Yoshimura S, Morishita R, Hayashi K, Yamamoto K, Nakagami 
H, Kaneda Y, et al. Inhibition of intimal hyperplasia after balloon 
injury in rat carotid artery model using cis-element ‘decoy’ of the 
nuclear factor-kappaB binding site as a novel molecular strategy. 
Gene Therapy 2001; 8:1635-1642.
12. Snoeckx LHEH, Cornelussen RN, Van Nieuwenhoven FA, Re-
neman RS, Van Der Vusse GJ. Heat shock proteins and cardiovascu-
lar pathophysiology. Physiol Rev 2001; 81: 1461-1497.

13. Kong D, Melo LG, Gnecchi M, Zhang L, Mostoslavsky G, Liew 
CC, et al. Cytokine-induced mobilization of circulating endothe-
lial progenitor cells enhances repair of injured arteries. Circulation 
2004; 110: 2039-2046,. 
14. Takahashi T, Lee RT. Dendritic cells in neointima formation: 
from where did you come, and what are you doing here? J Am Coll 
Cardiol 2003; 42: 939-941.
15. Muthuraman P, Ramkumar K, Kim DH. Analysis of the dose-de-
pendent effect of zinc oxide nanoparticles on the oxidative stress and 
antioxidant enzyme activity in adipocytes. Appl Biochem Biotech 
2014; 174(8): 2851-63.
16. Muthuraman P,  Jeong Eun P, Eunjung K. Aspartame down-re-
gulates 3T3-L1 differentiation. In Vitro Cell Dev Biol Anim 2014; 
50: 851-857.
17. Van 't Klooster R, Truijman MT, van Dijk AC, Schreuder FH, 
Kooi ME, van der Lugt A, et al. Visualization of local changes in 
vessel wall morphology and plaque progression in serial carotid 
artery magnetic resonance imaging. Stroke  2014; 45(8): e160-3.
18. Hiscott J, Kwon H, Génin P. Hostile takeovers: viral appropria-
tion of the NF-κB pathway. J Clin Invest 2001; 107(2):143-151.
19. Liu HS, Pan CE, Liu QG, Yang W, Liu XM. Effect of NF-κB and 
p38 MAPK in activated monocytes/macrophages on pro-inflamma-
tory cytokines of rats with acute pancreatitis. World J. Gastroenterol 
2003; 9: 2513-2518.
20. Lu X, Kakkar V. The role of heat shock protein (HSP) in athe-
rosclerosis: Pathophysiology and clinical opportunities. Curr Med 
Chem 2010; 17(10): 957-973. 
21. Xu Q, Li D, Holbrook NJ, Udelsman R. Acute hypertension 
induces heat- shock protein 70 gene expression in rat aorta. Circula-
tion 1995; 92: 1223-1229.
22. Connolly EM, Kelly CJ, Chen G, O’Grady T, Kay E, Leahy A, et 
al. Pharmacological induction of hsp27 attenuates intimal hyperpla-
sia in vivo. Eur J Vasc Endovasc Surg 2003; 25: 40-47. 
23. Sauk JJ, Nikitakis N, Siavash H. Hsp47, a novel collagen, bin-
ding serpin chaperone, autoantigen, and therapeutic target. Front 
Biosci 2005; 10: 107-118. 
24. Sluijter JP, Smeets MB, Velema E, Pasterkamp G, De Klein DP. 
Increase in collagen fiber content is associated with flow-induced 
arterial remodeling. J Vasc Res 2004; 41: 546-555.
25. Schell MT, Spitzer AL, Johnson JA, Lee D, Harris HW. Heat 
shock inhibits NF-κB activation in a dose- and time-dependent man-
ner. J Surg Res 2005; 129: 90-93.
26. Sata M, Saiura A, Kunisato A, Tojo A, Okada S, Tokuhisa T, 
et al. Hematopoietic stem cells differentiate into vascular cells that 
participate in the pathogenesis of atherosclerosis. Nature Med 2002; 
8: 403-409. 
27. Bailey AS, Fleming WH. Converging roads: evidence for an 
adult hemangioblast. Exp Hematol 2003; 31: 987-993.


