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Slides were routinely dewaxed and rehydrated 
according to the procedures above and incu-
bated in the dark for 10 min in 3% H2O2 to block 
endogenous catalase. For antigen retrieval, 
unstained slides were heated in citrate buffer 
to 95°C for 15 min. After cooling naturally, 
slides were incubated with normal goat serum 
at 37°C for 30 min to block non-specific stain-
ing. Then, slides were incubated with anti- 
caspase-3 (1:200, Abcam, Cambridge, United 
Kingdom), anti-caspase-8 (1:100, Abcam), anti-
caspase-9 (1:100, Abcam), anti-Bcl-2 (1:100, 
Abcam), anti-Bax (1:100, Abcam), anti-cyt-c 
(1:100, Abcam) or anti-PCNA (1:100, Abcam) 
antibodies in a humidified chamber at 4°C over-
night (12-16 hours). After washing with PBS 
three times (3 min each), the slides were incu-
bated with horseradish peroxidase-conjugated 
secondary antibody (ZSGB-BIO, Beijing, China) 
at 37°C to mark the primary antibody (incuba-
tion time was based on secondary antibody 
instructions). Then, slides were rinsed with  
PBS (three times, 3 min each), stained with 
3,3’-diaminobenzidine (DAB, 1×), countersta- 
ined with hematoxylin (5 min), and differentiat-
ed in 1% hydrochloric acid for 10 s. Slides were 
observed by microscopy with a computer-con-
trolled digital camera and imaging software. 
Positive cells were measured by estimating the 

color: brown staining implied a positive expres-
sion area and the shade of the color represent-
ed the expression level of the target factor. The 
procedure was modified according to Zhang’s 
study [7].

Western blot assessment

Either the Tissue or Cell Total Protein Extraction 
Kit (Bio-Rad Laboratories, Hercules, CA, USA) 
was used to extract protein from 50-mg sam-
ples according to the manufacturer’s instruc-
tions. Samples were incubated on ice for 10 
min in cell lysis buffer (246 μl of lysis buffer, 
1.25 μl of phosphatase inhibitor, 0.25 μl of  
protease inhibitor, 2.5 μl of PMSF) and then 
centrifuged (4°C, 14000 rpm, 15 min). Equal 
amounts of supernatant protein (60 μg) were 
separated on a 10% SDS-PAGE gel and trans-
ferred to nitrocellulose membranes for immu-
noblotting (transfer time was based on the 
molecular weight of the protein of interest  
and ranged from 40 to 150 mins). Then, the 
membranes were blocked with 5% blocking 
buffer (Li-cor, Lincoln, NE, USA) for 2 hours at 
room temperature on a shaker and incubated 
with anti-caspase-3 (1:500, Abcam), anti-cas-
pase-8 (1:500, Abcam), anti-caspase-9 (1:500, 
Abcam), anti-Bcl-2 (1:500, Abcam), anti-Bax 

Figure 2. The results of epidermal and dermal H&E staining (A) and of Masson staining (B) in all groups (200×). In 
the K group, the epidermis was thicker, there were an increased number of bulky collagen fibrils intricately arranged 
in the dermis, and there was a reduction in cellular content. The C group had slender collagen fibrils which com-
posed the majority of the dermis. In contrast, normal skin dermis showed increased cellular content and less fibrils, 
which were relatively loosely arranged compared with that of the K and C group.
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(1:500, Abcam), anti-cyt-c (1:500, Abcam) or 
anti-PCNA (1:500, Abcam), antibodies at 4°C 
overnight (12-16 hours) on a shaker. The mem-

branes were washed with TBST (TBS buffer + 
Tween 20, three times, 5 min each), incubated 
with secondary antibodies (Li-cor) at a 1:10000 

Figure 3. Representative immunohistochemistry micrographs (200×) of epidermal and dermal skin tissue for cas-
pase-3, caspase-8, caspase-9, Bcl-2, Bax, cyt-c and PNCA in all groups. Brown staining indicates the positive expres-
sion areas, and the shade of the color represents the expression level of the target protein. In the epidermal layer 
of the K group, caspase-3, caspase-9 and Bax showed higher expression levels; however, caspase-8, Bcl-2 and 
cyt-c expression levels were similar to those of the C and S group. PCNA expression was much higher in the keloid 
epidermal layer than in the non-keloid tissues. In the K dermal layer, Bcl-2 and Bax showed higher expression levels 
than those in the non-keloid tissues; however, caspase-3, caspase-8, caspase-9 and cyt-c expression levels were 
similar to those of the C and S group. Dermal PCNA expression was remarkably higher in the K group than in the 
non-keloid tissues.
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dilution in the dark for 1 hour at room tempera-
ture on a shaker and then flushed with TBST 
(three times, 5 min each) and TBS (once, 5 
min). The membranes were imaged with a  
double-color infrared laser imaging system 
(Odyssey, Li-cor). The procedure was modified 
according to Zhang’s study [7].

Statistical analysis

Study data are presented as means ± SD. SPSS 
24.0 software (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. Statistical signifi-
cance was set at P<0.05. Analysis was by one-
way analysis of variance (ANOVA) followed by 
least significant difference t-test.

Results

Morphological and histological observations

Morphological and histological differences 
were observed by H&E and Masson staining. 
Compared with the other groups, the epidermis 
was relatively thicker, the dermis had an 
increased number of bulky collagen fibrils that 
were arranged intricately and closely, and there 
was less cellular content in the K group. How- 
ever, the dermis of group C contained slender 
collagen fibrils that were distributed more 
loosely. Collagen fibrils constituted the majority 
of physiological scars. In contrast, the normal 
skin dermis showed more cellular content and 
less fibrils, and were arranged relatively loosely 
compared with the K and C groups. In addition, 
inflammatory cell infiltration could barely be 
observed in the C and S groups, but more 
inflammatory cells were found in the keloid der-
mis (Figure 2).

Immunohistochemical studies

Immunohistochemical staining qualitatively re- 
flects the expression of key factors in the mi- 
tochondrial apoptosis pathway, such as cas-
pase-3, caspase-8, caspase-9, Bcl-2, Bax and 
cyt-c, and the expression of the proliferation 
factor PCNA. In the keloid epidermal layer, cas-
pase-3, caspase-9 and Bax showed higher 
expression levels; however, caspase-8, Bcl-2 
and cyt-c expression levels were similar in the C 
and S groups. PCNA expression was much high-
er in the keloid epidermal layer. In the keloid 
dermal layer, Bcl-2 and Bax showed higher 
expression levels; however, caspase-3, cas-

pase-8, caspase-9 and cyt-c expression levels 
were similar in the C and S groups. Dermal 
PCNA expression was substantially higher in 
the K group (Figure 3).

The percentage of positive cells shown by the 
immunohistochemical staining was calculated 
and statistically evaluated (Figure 4; Table 1). 
Caspase-3 showed a higher expression level in 
the keloid epidermal layer. The percentage of 
positive caspase-3 cells was not significantly 
different among the three groups and neither 
was the percentage of Bax-positive cells in the 
epidermal and dermal layers. However, the per-
centage of epidermal caspase-9-positive and 
dermal Bcl-2-positive cells was significantly  
different between the keloid and non-keloid 
groups, which was consistent with the immuno-
histochemical staining results. Other key fac-
tors in the mitochondrial apoptosis pathway 
showed differences among the groups, but 
none of them were significant. The percentage 
of PCNA-positive cells in both the epidermal 
and dermal layers showed substantial differ-
ences between the keloid group and non-keloid 
groups.

Expression of mitochondrial pathway factors 
and PCNA protein

Western blotting was used for quantitatively 
analyzing the protein expression levels of mito-
chondrial pathway factors and PCNA. In these 
results, there was a significant difference in 
caspase-3 protein expression between the K 
and S groups and in caspase-8 expression 
between the keloid and non-keloid groups. 
PCNA expression was substantially and signifi-
cantly different between the keloid and non-
keloid groups. However, no significant differ-
ences were found in the protein expression 
levels of other factors of the mitochondrial 
apoptosis pathway among the three groups 
(Figure 5; Table 2).

Discussion

Keloids are considered a result of pathological 
wound healing after injury and inflammation 
[8-10]. The main symptoms, such as itchiness 
(86% [11]), pain (46% [11]), functional limita-
tions and significant psychological morbidities, 
seriously affect the quality of life of keloid 
patients [12, 13]. Unlike hypertrophic or physi-
ological scars, keloids tend to outgrow the origi-
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nal boundary of the wound. Furthermore, 
keloids do not regress, and have been classi-
fied as a type of benign dermal tumor [6]. So 
far, the major treatment approach is surgical 
excision with either a single adjunctive therapy, 
such as radiotherapy [14], steroid injection [15, 
16], comprehensive therapy [17], silicone gel 
sheeting [18] or 5-fluorouracil treatment [19], 

or combined adjunctive therapies [20-22], to 
decrease the recurrence rate.

Programmed cell death, known as apoptosis, is 
controlled by many signaling pathways, and the 
mitochondrion is a central location for its occur-
rence, indicating that activation of the mito-
chondrial pathway is a key procedure during the 

Figure 4. Results of the percentage of positive cells. In both the epidermis and the dermis, the expression levels of 
most key factors of the mitochondrial pathway showed no significant differences between the K group and those of 
the other groups, except for caspase-9 in the epidermis and Bcl-2 in the dermis. The percentage of PCNA-positive 
cells in the keloid tissue was significantly higher than in the non-keloid tissues. Values are shown as the means ± 
SD; (n=10 in each group; *P<0.05, **P<0.01, ***P<0.001 vs. the K group).

Table 1. Percentage of immunohistochemical staining positive cells in each group

Factor 
Percentage of positive cells

P value
K C S

Caspase-3 Epidermis 80.9443 ± 11.7670 67.3050 ± 17.2652 76.3617 ± 10.9651 P>0.05
Dermis 55.3417 ± 13.5683 55.7233 ± 18.5395 49.4783 ± 10.7742 P>0.05

Caspase-8 Epidermis 53.0233 ± 20.4949 52.2617 ± 10.5576 51.6267 ± 7.9021 P>0.05
Dermis 46.2633 ± 6.9158 46.2300 ± 13.5720 40.9833 ± 8.8916 P>0.05

Caspase-9 Epidermis 81.7783 ± 11.8048 69.1783 ± 8.2896 61.8250 ± 4.9463 K vs. C, P<0.05
K vs. S, P<0.01

Dermis 36.4517 ± 11.0440 35.4333 ± 7.9662 32.4850 ± 6.7351 P>0.05
Bcl-2 Epidermis 38.0183 ± 9.2773 47.1867 ± 15.4039 44.9933 ± 13.4954 P>0.05

Dermis 58.3417 ± 11.5927 44.2400 ± 6.9644 42.1333 ± 5.4587 K vs. C, P<0.05
K vs. S, P<0.01

Bax Epidermis 76.1283 ± 17.2829 73.8200 ± 16.8697 70.0883 ± 21.1146 P>0.05
Dermis 50.9450 ± 11.9813 45.0900 ± 13.1078 40.9417 ± 7.1781 P>0.05

Cyt-C Epidermis 59.4183 ± 8.4284 58.5417 ± 12.8049 60.7667 ± 5.9783 P>0.05
Dermis 63.1500 ± 7.5588 69.7633 ± 11.2946 65.1450 ± 7.1470 P>0.05

PCNA Epidermis 90.3867 ± 4.6494 44.8450 ± 10.0372 33.5750 ± 17.2094 K vs. C & S, P<0.001
Dermis 79.0317 ± 11.6562 43.9517 ± 15.2434 37.3883 ± 12.4482 K vs. C & S, P<0.001

Values are means ± SD.
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Figure 5. Relative protein amounts for all target proteins. The expression levels of most key factors in the mitochon-
drial apoptosis pathway were not significantly different between the K group and the other groups, except caspase-3 
and caspase-8. The highest expression level of PCNA was in the K group. Representative images of the western 
blots for caspase-3, caspase-8, caspase-9, Bcl-2, Bax, cyt-c and PCNA are shown on the right. Values are shown as 
the means ± SD; (n=10 in each group; *P<0.05, ***P<0.001 vs. the K group).

Table 2. Protein relative value in all groups

Factor
Protein relative value

P value
K C S

Caspase-3 0.9771 ± 0.1564 0.8531 ± 0.1538 0.7634 ± 0.1702 K vs. S, P<0.05
Caspase-8 0.9306 ± 0.1917 0.7298 ± 0.0245 0.7471 ± 0.0894 K vs. C and S, P<0.05
Caspase-9 0.9030 ± 0.2216 0.7693 ± 0.2611 0.7035 ± 0.2763 P>0.05
Bcl-2 0.9522 ± 0.6222 0.8742 ± 0.6263 1.3152 ± 1.2608 P>0.05
Bax 0.7454 ± 0.4978 0.6035 ± 0.4125 1.0041 ± 1.0581 P>0.05
Bcl-2/Bax ratio 1.2877 ± 0.1286 1.4752 ± 0.1803 1.4264 ± 0.3266 P>0.05
Cyt-C 8.3758 ± 0.9523 8.0049 ± 0.8225 8.2587 ± 0.7709 P>0.05
PCNA 3.5482 ± 1.2597 1.5505 ± 0.3113 1.9752 ± 0.3105 K vs. C, P<0.001

K vs. S, P<0.01
Values are means ± SD.
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process. The mitochondrial pathway can be 
activated by inflammatory factors and stress 
conditions. Caspase-8 expression increases 
when FasL combines with Fas on the cell mem-
brane and cuts the Bid protein, magnifying the 
apoptotic signal and transferring the signal to 
the mitochondria [23]. Then, the expression 
ratio of Bcl-2/Bax decreases, causing the re- 
lease of cyt-c from the mitochondria to the cyto-
plasm. The cytoplasmic cyt-c-Apaf-1 complex 
and dATP/ATP unite to become the apopto-
some, leading to the activation of caspase-9. 
Furthermore, caspase-3 is activated and cau- 
ses apoptosis as a result of cell damage, such 
as chromosome condensation, nuclear DNA 
fragmentation and nuclear membrane rupture 
[24].

The balance between cell proliferation and cell 
death is central to the etiology of most patholo-
gies [6]. Tissues usually maintain a stable con-
dition when proliferation and apoptosis are bal-
anced. PCNA is a homotrimer that achieves its 
activity by acting as a scaffold that encircles 
DNA and recruits proteins involved in DNA repli-
cation, DNA repair, chromatin remodeling and 
epigenetics [25]. PCNA expression is substan-
tially upregulated in proliferating tissue, espe-
cially tumors [26-28], making it an effective 
indicator of the level of proliferation in the 
tissue.

In this study, three different kinds of skin tissue 
(keloid, physiological scars and normal skin) 
were investigated to assess the levels of apop-
tosis and proliferation. H&E and Masson stain-
ing were used to evaluate the morphological 
and histological differences among these tis-
sues. In our results, the fiber content was 
reduced in normal skin compared to keloid tis-
sue, but the cellular content was higher in the 
normal tissue compared with keloid scars. The 
excessive deposition of collagens and other 
extracellular matrix components was observed 
histologically in keloid tissue and an increased 
number of blood vessels and cells was also 
observed. However, collagen fibrils are arranged 
in bundles parallel to the epidermis. Irregular 
orientation of large collagenous fibrils was 
found in keloid tissue. This histological appear-
ance is similar to that observed in Marneros’ 
report1. Physiological scars are a kind of mature 
scar formation. Sometimes, physiological scars 
atrophy with fewer cell components but more 
fiber than normal skin tissue, which presents 

an intermediate state between keloid and nor-
mal skin tissue.

The apoptosis process starts with the increased 
expression of caspase-8 after FasL combines 
with Fas. In this case, caspase-8 is a key initia-
tion factor that is located upstream of the mito-
chondrial apoptosis pathway. In our study, cas-
pase-8 showed higher expression in keloid 
tissue, demonstrating that the initiation link of 
apoptosis is stronger in keloid than other skin 
types. In our former study [7], we found that 
keloid tissue expressed more inflammatory fac-
tors (IL-6, IL-8, IL-18, TGF-β) and contained 
more inflammatory cells than physiological 
scars and normal skin, suggesting that inflam-
matory stimuli may be the main factors deter-
mining the level of apoptosis. In the mitochon-
drial apoptosis pathway, one pair of proteins is 
of paramount importance: the anti-apoptotic 
protein Bcl-2 and the pro-apoptotic protein Bax. 
These two proteins can combine to form a het-
erodimer, and the Bcl-2/Bax ratio determines 
the apoptotic fate of cells [29]. Our results 
showed that, although there were differences 
in the expression of Bcl-2 and Bax among the 
three skin types, most of the differences were 
insignificant. Cyt-c release is one of the neces-
sary procedures in the mitochondrial apoptosis 
pathway. None of the immunohistochemical 
images, analyses of positive cell percentages 
or western blot results showed any significant 
differences in cyt-c expression. Caspase-9 and 
caspase-3 are downstream factors in the mito-
chondrial apoptosis pathway. Caspase-9 is 
another initiating factor that plays a role after 
cyt-c release, while caspase-3 is an effected 
factor. In our western blot results, there was a 
significant difference in caspase-3 expression 
between keloid tissue and normal skin, and  
the percentage of caspase-9-positive cells 
between keloid and non-keloid tissue was  
significantly different, indicating that the apop-
tosis effect is higher in keloid tissue. In all, 
most mitochondrial apoptosis pathway factors 
showed no significant differences in expression 
among these three skin types. In these results, 
the apoptosis level of keloid tissue is statisti-
cally similar to that of physiological scars and 
normal skin.

The degree of proliferation was evaluated by 
the expression of PCNA in three skin types. In 
immunohistochemical images, the expression 
of PCNA appeared as a darker brown color, and 



Apoptosis level of keloid tissue

5556 Am J Transl Res 2017;9(12):5548-5557

there were more positive areas in the K group. 
Keloid tissue also presented with the highest 
percentage of PCNA-positive cells, in both the 
epidermal and the dermal layers. According  
to the western blot analysis, the high PCNA 
expression in the K group was significantly dif-
ferent than that in the non-keloid groups. Based 
on the PCNA results, keloid tissue has a sub-
stantially higher proliferation level than either 
physiological scars or normal skin tissue.

As mentioned above, inflammation may play a 
part in promoting keloid apoptosis; if this is 
true, then why is the difference in apoptosis 
level between keloid and non-keloid tissue not 
more obvious? The balance between cell prolif-
eration and apoptosis is crucial for tissue devel-
opment and homeostasis. In Melo’s study [30] 
on PCNA and apoptosis during post-spawning 
ovarian remodeling in the teleost Oreochromis 
niloticus, PCNA mainly labeled the nuclei of 
oocytes and follicular cells in a high proportion 
of follicles, but a low occurrence of apoptosis 
was detected. Melo concluded that PCNA and 
apoptosis work cooperatively to ensure the suc-
cess of follicle development and the mainte-
nance of tissue homeostasis. Yu also reported 
that PCNA-positive cells were significantly in- 
creased and apoptotic cells were significantly 
decreased in the frontal cortical neurons of 
rats after stress [31]. Er’s study also mentioned 
that a group with low PCNA expression showed 
a higher number of apoptotic cells [32]. Acc- 
ording to these findings, we speculate that the 
high expression level of PCNA in keloid tissue 
may negatively affect the apoptosis process.

Recent studies of keloid apoptosis have gener-
ally concentrated on fibroblasts derived from 
keloid tissue. Few studies have focused on the 
level of apoptosis, especially of the mitochon-
drial pathway, in keloid tissue. Our study inves-
tigated the expression levels of key factors in 
the mitochondrial pathway and of the classical 
proliferation factor in keloid tissue and com-
pared this scar tissue with non-keloid tissue 
types. We found that the apoptosis level in 
keloid and non-keloid skin tissue is statistically 
similar but that PCNA expression is significantly 
higher in keloid scars than in the non-keloid tis-
sues. The phenomenon of high PCNA expres-
sion and normal apoptosis level can be 
explained by the continuous growth and non-
regression characteristics of keloid tissue. The 
opposite relationship between PCNA and apop-

tosis indicates that PCNA may become a target 
for keloid treatment. This study was mainly 
observational; the negative relationship be- 
tween high PCNA expression and keloid apop-
tosis should be defined in further experiments. 
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