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Abstract
Acne scars are classified into various types based on their ap-
pearances, ranging from hypertrophic to atrophic. Abnor-
mal wound healing processes play an important role in the 
pathogenesis of scars; however, the exact mechanisms in-
volved in various scar appearances have still not been eluci-
dated. In this study, we used immunofluorescence and im-
munohistochemistry techniques to detect the presence of 
myofibroblasts, B cells, and mast cells in each type of acne 
scar persisting longer than 6 months. We found the highest 
density of myofibroblasts in hypertrophic acne scars, while 
in the other atrophic scars, we could not identify any myofi-
broblast-rich areas in our specimens. B-cell infiltration was 
mild and found in only 23% (4/17) of all acne scar specimens. 
Interestingly, mast cells were identified in all specimens, 
ranging from minimal to high density, and a high number of 
mast cells in acne scars were associated with obesity. In con-
clusion, myofibroblasts are abundant only in hypertrophic 
acne scars, and mast cells, but not B cells, might play an im-
portant role in the pathogenesis of long-standing acne scars.

© 2022 S. Karger AG, Basel

Introduction

Acne vulgaris is a common chronic inflammatory dis-
ease of the pilosebaceous units affecting approximately 
80% of adolescents [1, 2]. In up to 95% of these patients, 
scarring occurs as common sequelae. The chronicity and 
visibility of scars can negatively affect the patients’ qual-
ity of life and self-esteem [3, 4].

Based on their morphologies, dermatologists practi-
cally classify acne scars into four different types. The three 
types of atrophic acne scars (AASs) include boxcar scar 
(BCS), rolling scar (RS), and pitting scar (PS), and the 
fourth type is hypertrophic acne scar (HAS). Most acne 
scars result from comedonal and inflammatory acne le-
sions [5]. After the inflammatory phase subsides, all types 
of scars go into a “similar” wounding process in the vicin-
ity of the lesions. The exact mechanisms that result in the 
diversity of scar appearances are not yet fully understood. 
Several cellular components, namely, myofibroblasts and 
other inflammatory cells predominantly found in the skin 
might hold an essential key to these mechanisms.

Myofibroblasts are one of the most important cells in 
the process of wound healing, especially during the pro-
liferative phase. Alpha smooth muscle actin (SMA), an 
actin isoform providing a highly contractile force, is the 
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most important component in myofibroblast differentia-
tion [6, 7]. During the wound healing process, alpha SMA 
is highly upregulated in the myofibroblasts [8], along 
with extracellular matrix-degrading enzymes, including 
matrix metalloproteinases (MMPs), and their inhibitors 
expressed in the dermis. The homeostasis of these com-
ponents is a critical factor in determining the architecture 
of wound appearance. It is well-known that the persis-
tence of alpha-SMA-positive myofibroblasts is a promi-
nent feature of scarring and fibrosis in scars, especially 
surgical scars [9]. However, the role of myofibroblasts, 
especially in AASs and HASs, is still inconclusive [10, 11].

Besides myofibroblasts, B cells and plasma cells could 
play significant roles in AAS formation. In a recent study, 
B cells and plasma cells were seen in AASs of three-week-
old acne papules in scar-prone patients [12]. The scien-
tific evidence, particularly from long-standing AASs, is 
scarce. Our study aimed to investigate correlations be-
tween the number and distribution of myofibroblasts, B 
cells, and plasma cells using immunofluorescence and 
immunohistochemistry techniques in different types of 
acne scars, in subjects with long-standing acne scars.

Materials and Methods

Patients and Tissue Preparation
A total of 17 patients who visited the OPD clinic, between Jan-

uary 2019 and June 2019, were included in our study. The inclu-
sion criterion was persistence of acne scars at least 6 months before 
the enrollment. A dermatologist classified the acne scar types 
based on the appearance of lesions in accordance with previous 
studies [5].

Exclusion criteria included patients whose graded acne sever-
ity was greater than one according to the Investigator Global As-
sessment, and those who had generalized hypertrophic scars or 
keloids, or a history of allergy to anesthetic drugs. Patients with a 
history of prior surgical procedures or systemic treatments, name-
ly, tetracyclines and isotretinoin for acne and acne scars for 6 
months before the study were also excluded.

After investigators collected the demographic data and history 
of acne scars, a representative scar was selected and biopsied using 
a 3-mm sterile punch under an aseptic technique. Specimens were 
fixed in 10% buffered formalin solution for at least 6 h before being 
embedded in paraffin.

Immunofluorescence Studies
We performed an immunofluorescence technique described 

previously [13]. Briefly, we first retrieved the antigens by manu-
ally heating 4-μm-thick tissues on a glass slide in sodium citrate 
buffer (pH 6) in a water bath for 20 min after the deparaffinizing 
process. The tissues were then incubated in 10% normal goat se-
rum (Abcam, Cambridge, MA, USA) in phosphate-buffered saline 
for 1 h and 0.3% Triton X-100 (Biosesang, Seongnam, Republic of 
Korea) for 10 min at room temperature. Myofibroblasts were iden-

tified by double-positive staining of a mouse anti-vimentin anti-
body (Abcam, Cambridge, MA, USA) and a rabbit anti-alpha SMA 
(Abcam, Cambridge, MA, USA) at 10-μg/mL concentration. Be-
fore continuing with the detection of secondary antibodies on the 
following day, the primary antibodies were incubated at 4°C over-
night. On the second day, sections were incubated for 2 h at room 
temperature with Alexa Flour@ 488-conjugated goat anti-mouse 
IgG (Jackson ImmunoResearch, West Grove, PA, USA) and Alexa 
Flour@ 555-conjugated goat anti-rabbit IgG (Abcam, Cambridge, 
MA, USA). After rinsing with phosphate-buffered saline, we used 
4′,6-diamidino-2-phenylindole (DAPI; Invitrogen, Carlsbad, CA, 
USA) at a concentration of 300 nM for nuclear counterstaining. 
Finally, the samples were mounted with Prolong Diamond Anti-
fade Mountant (Invitrogen, Carlsbad, CA, USA) and subsequent-
ly examined on a confocal laser scanning microscope (Zeiss LSM 
800, White Plains, NY, USA).

Immunohistochemical Assays
After being deparaffinized, the 4-μm-thick sections were pro-

cessed by the VENTANA-BenchMark-XT computerized auto-
mated slide system (Roche, Indianapolis, IN) with the ultraView 
Universal Red v3 detection. The primary antibodies included anti-
human anti-CD20 mouse monoclonal antibody and anti-CD117 
(Dako, Santa Clara, CA, USA) and CD117, rabbit monoclonal an-
tibody (Cell Marque, Rocklin, CA, USA). The staining protocols 
of VENTANA-BenchMark-XT computerized automated system 
were followed. All specimens were also stained with hematoxylin 
and eosin (H&E). Dermatologists blinded to the study scored them 
using a visual scoring scale from 0 to 3 (0, none; 1, minimal, <10% 
positive staining; 2, moderate, 10–50% positive staining; 3, strong, 
>50% of positive staining).

Results

This study included ten women and seven men, aged 
between 24 and 39 years. From a total of 17 acne scar 
samples (five BCSs, five RSs, five PSs, and five HASs), 
the mean duration of the acne scars was 7.3 (standard 
deviation) [5.9] years. Most of the acne scars were on 
the cheeks of participants; however, two RSs and all 
HASs were on the temporal area and chin, respectively. 
Only two participants (1 PS and 1 HAS) had undergone 
previous laser treatments for acne scars more than 6 
months before the study. Five participants (1 RS, 2 PSs, 
and 2 HASs) were obese, defined as more than 25 kg/
m2 body mass index [14] (Table 1). All the representa-
tive specimens of each type of acne scar are displayed in 
Figure 1.

Boxcar Scars
The tissues biopsied from BCSs showed minimal infil-

tration with mononuclear cells, mostly lymphocytes. Al-
though these specimens showed the highest intensity of 
fibrosis among all other types of acne scars, neither dou-
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ble-positive cells nor CD20-positive cells were identified. 
Minimal CD117-positive cells were found in all speci-
mens.

Rolling Scars
Sections revealed mild lymphocytic infiltration and fi-

brosis in almost all specimens except in two, one of which 
had moderate lymphocytic infiltration and one with 
moderate fibrosis. The double-positive cells were pre-
dominantly found in the periglandular areas in two spec-
imens, and the CD20-positive cells were mildly positive 
in two samples. Interestingly, one tissue from an obese 
patient showed marked infiltration of CD117-positive 
cells.

Pitting Scars
Of the five specimens, only one was moderately infil-

trated with lymphocytes and was moderately fibrotic, 
while the others were mildly infiltrated. No double-posi-
tive cells were found in the immunofluorescence study. 
The CD20-positive cells were minimal and were found 
only in two specimens; CD117-positive cell infiltration 
varied from mild to strong in this type of scar. Moderate 
infiltration of CD117-positive cells was identified in spec-
imens from all obese patients with PSs. This type of scar 
was also found to be most abundant in the area with se-
baceous glands compared to other types of scars.

Hypertrophic Acne Scars
Of the two specimens in this type of acne scar, one 

(ID17) was an extra-large sebaceous gland hyperplasia, 
while the other specimen showed marked fibrosis and 
abundant myofibroblasts. No CD20-positive cells were 
identified, and the sample was only mildly infiltrated by 
CD117-positive cells.

Discussion/Conclusion

Myofibroblasts, one of several subtypes of fibroblasts, 
are involved in the fibrotic and scarring processes in 
many tissues, including acne scars. In our study, by de-

tecting double-positive (vimentin and alpha-SMA stain-
ing) cells using the immunofluorescence technique, we 
were able to demonstrate myofibroblasts in HASs and 
RSs. However, only the HASs showed abundant double-
positive myofibroblasts. Previous studies showed that in 
hypertrophic scars, the number of myofibroblasts are in-
creased in, both, volume and density as they failed to un-
dergo apoptosis days after the complete closure of the 
wound [15, 16]. We believe that HASs might share the 
same pathogenesis as that of hypertrophic scars. We also 
noted double-positive myofibroblasts in two RSs. This 
observation further supports a hypothesis of the 
pathomechanism of RSs in which fibrosis draws the skin 
surface downward, leading to the “rolling appearance” 
[17].

The difference in myofibroblast numbers in our sam-
ples might be associated with the location of acne scars. 
In this study, the biopsied lesions were taken from various 
areas of the faces, as shown in Table 1. We observed that 
the locations of HASs and RSs were on the sites with high-
er tensile strength compared to other parts of the face. 
The result reflects the complexity of the acne scar forma-
tion related to the nature of facial skin from different lo-
cations [1, 18].

Several inflammatory cells in the skin play a dominant 
role in acne scar formation. Recently, B cells were persis-
tently identified in the 3-week-old scars in acne scar-
prone subjects [12]. In wound healing studies, mature B 
cells, both in acute or chronic scars, are associated with 
an increased myofibroblast proliferation [19] and regu-
lated collagen synthesis in fibroblasts [20]. Our results, 
however, were inconsistent with previous studies. We 
were not able to demonstrate the significance of CD20-
positive cells in the acne scars. We speculate that this in-
consistency resulted from the longer scar duration since 
the mean duration of acne scars in our study was approx-
imately 7 years. The result indicated that B cells might not 
be involved in long-standing acne scars.

Mast cells play a pivotal role in the wound healing pro-
cess. They can regulate the inflammatory response and 
collagen remodeling in wounds by producing several cy-
tokines and growth factors, modulating myofibroblast 
functions and cause pruritus, which is a common feature 
of scars, especially hypertrophic scars [21, 22]. In the lit-
erature, mast cells are active in the early inflammatory 
phase; however, our results showed the presence of 
CD117-positive cells in all specimens. Moreover, we 
found five specimens with moderate and two with strong 
staining in RSs and PSs but mild staining in HASs. Fur-
ther studies should be focused on the role of mast cells in 

Fig. 1. Histopathological differences in the examined acne scar 
specimens. a Boxcar: increased in fibrosis. b Rolling: minimal in-
filtration of CD117. c Pitting: rich in sebaceous glands. d Hyper-
trophic: abundant myofibroblasts (yellow cells in immunofluores-
cence staining). Magnification, ×10 in H&E staining. ×200 in 
CD20, CD117, and immunofluorescence staining.
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acne scars, focusing on HASs, since mast cell-targeted 
therapies could be a promising alternative treatment.

Interestingly, 75% of obese participants in the study 
showed moderate to strong CD117-positive cell infil-
tration. As seen in previous studies, an increased mast 
cell proliferation in the skin was observed in patients 
with metabolic syndrome [23, 24]. We speculate that 
the existence of mast cells after the inflammatory pro-
cess could be for a longer period, especially in obese 
patients compared to the nonobese population. It is also 
possible that the higher expression of mast cells in the 
acne scars might be correlated with body weight. Weight 
reduction might be beneficial for the management of 
acne scars.

Another proposed pathomechanism of AASs is the 
loss of pilosebaceous units [25, 26]. The disappearance of 
sebaceous glands, detected by the downregulation of lipid 
metabolism in lesions from acne-prone patients, was hy-
pothesized [12]. In contrast, our study found relatively 
normal or increased number of sebaceous glands in all 
AASs; the largest number was particularly seen in PSs. 
We instead believe that the process of skin atrophy result-
ing in AASs is related to a permanent tissue loss at the scar 
location. As the pilosebaceous units have a natural poten-
tial regrowth capacity, their presence in long-lasting scars 
can be expected.

The limitations of our study include the study design 
from which causal relationships between the findings 
could not be demonstrated. An extra-large sebaceous 
gland hypertrophy can imitate the appearance of HASs, 
as was seen in one of the studied lesions clinically classi-
fied as HAS. The aid of other investigating tools, such as 
dermoscopy, could help to distinguish between these le-
sions before deciding on an appropriate treatment. Since 
we did not perform collagen and elastic fiber stains in our 
study, we could not confirm the abnormal changes in the 
fibers resulting in acne scars. The cross-sectional nature 
of this study and the fact that one scar was taken from 
each individual also precludes any conclusion regarding 
the sites and temporal associations.

In conclusion, we demonstrated that HASs had an 
abundance of myofibroblasts and might share similar 
pathological pathways with other hypertrophic scars. We 
did not identify any associations between myofibroblasts 
or B cells and AASs. The presence of mast cells could be 
related to AASs, and they might persist longer particu-
larly in AASs in obese patients. For better strategies to 
prevent and treat acne scars, prospective longitudinal 
studies focusing on the pathological process in different 
types of scars are necessary in the future.
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