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The pivotal role of inflammation in scar/keloid formation after acne
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ABSTRACT
Most keloids are clinically observed as solid nodules or claw-like extensions. However, they
appear hypoechoic on ultrasound images and are therefore easily confused with liquid
features such as blood or vessels. The pathological manifestations of typical keloids also
include prominent, thick blood vessels. The existing classification of scars fails to reflect the
natural history of keloids. The outer characteristics of a typical keloid include bright red
hyperplasia with abundant vessels, suggesting the importance of vascular components in the
process of scar formation and prompting consideration of the role of inflammation in the
development of granular hyperplasia. Additionally, we further considered the potential
effectiveness of oral isotretinoin for severe keloids secondary to severe acne. We also explored
different principles and applications related to 5-fluorouracil (5-FU), pulsed dye laser (PDL),
and CO2 laser treatments for scars.
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1. Vascular components and granulation of
scars/keloids

Keloids are mostly considered solid, hard plaques and
nodules that are unrelated to blood and blood vessels.
However, clinical B-ultrasound, which is used to
measure the depth of a keloid, shows a low echo,
leading to the assumption of liquid components,
which is not consistent with keloid features.1 The
textbook histopathological features of keloids include
several uniform, red-stained, randomly arranged col-
lagen fiber bundles and cracks that are visible in the
mature keloid dermis. In fissures caused by shrink-
age, blood vessels and red blood cells are clearly visi-
ble, suggesting that keloids contain granulation and
vascular components.2,3 Additionally, interwoven vas-
cular components are visible in the pathologic struc-
ture of hypertrophic scars. As described in textbooks,
vertically oriented blood vessels, collagen nodules
and fibroblasts are features of keloids.3 We have
found in clinical practice that applying a high-pres-
sure local injection of hormones at the edge of a
keloid causes the injection to spread laterally along
the skin inside the scar, suggesting the presence of

channels. Therefore, scars/keloids contain extensive
granulation and several vascular components that
should not be overlooked.

2. The natural history of scars/keloids

The outer features of typical keloid lesions are
bright red raised patches or nodules that grow rap-
idly. Their inner rings are relatively static and
show slow proliferation and dark color, and the
middle portions are gray, similar to atrophic scars
(Fig. 1A). These features suggest that keloids
develop in stages based on their natural history
and that in hypertrophic scars, which we usually
focus on, proliferation or atrophy is only one part
of this natural history.3-5 In clinical practice, we
observed a patient with a keloid on the left breast
due to suppurative mastitis that had been in the
stationary phase for approximately thirty years.
However, when she was sixty years old, the scar
tissue appeared to reactivate, showing re-prolifera-
tion at the edge of the keloid with itching symp-
toms (Fig. 1B). It is necessary to determine the
cause of such phenomena.
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3. Pivotal role of inflammation in scars/keloids

A scar forms due to inflammation and trauma.
After trauma, many inflammatory factors are
released, and the process of granulation and tissue
repair is also activated. In this article, we focus on
the role of post-traumatic inflammation. The pres-
ence of persistent inflammation leads to granula-
tion and tissue repair, angiogenesis, and then scar
formation; if this process is relatively slow, then
continuous hyperplasia will result in a hypertrophic
scar.6

Greaves NS et al. 2013.7 reported that after
trauma, coagulation and inflammatory reactions are
initiated first, and various inflammatory factors
released by the tissue promote the aggregation of
neutrophils, which are later replaced by macro-
phages. Through the effects of various chemotactic
factors and cytokines, fibroblasts and endothelial
cells gradually accumulate at the wound and con-
tinue to proliferate. Mediated by inflammatory fac-
tors (including NO, histamine, Ang-1, prostacyclin
and vascular endothelial growth factor), the
capillaries at the edge of the wound expand, and
their permeability increases, which is beneficial to
the extravasation of endothelial cells and their
migration to peripheral vessels. The process is fur-
ther mediated by platelet-derived factors, extracel-
lular matrix components (heparin and fibronectin),
platelet-derived growth factor (PDGF), interleukin
(IL)-8, and fibroblast growth factor 2 (FGF-2).
FGF-2 induces integrin expression to promote col-
lagen degradation, which induces matrix metallo-
proteinase 2 (MMP-2) localization and promotes
endothelial cell migration. Once the endothelial
cells are implanted in the wound, they proliferate
and form new capillary lumens, which are involved
in the formation of granulation tissue and in the
construction of a complete circulatory system.
Migrating proliferated fibroblasts and macrophages,
new blood vessels, and embedded collagen matrix
and hyaluronic acid constitute the granulation tis-
sue. Through the remodeling process, the cells
gradually diminish, and a scar eventually manifests.

Case reports

Example 1. Trauma occurred on the left ear due to a
low suture, but no scar formed after healing (Fig. 2).
Why was scar formation not observed in the region
with high tension and a low suture but was observed
in the region of low tension? Because the area without
the suture healed late, and inflammation persisted,
thus stimulating hyperplasia of the granulation tissue.
Therefore, a triangular gap without the suture was
observed in the top left area, resulting in a scar after
healing.

Example 2. Redness completely dissipated after
compression of inflammatory papules, suggesting that
many blood vessels were present within these lesions
(Video), which is similar to observations of

Figure 1. the nature history of keloid. A. From outside to inside:
the bright red uplift patches/nodules, growing rapidly; inner ring
static relatively,with dark color; then the middle shows atrophy.
(from Bolognia JL,Jorizzo JL,Schaffer JV .Dermatology (3rd Edi-
tion). Amsterdam(NL):Elsevier;2012.p1622.Fig.98.2B) B. The atro-
phic scar in the breast with the re-proliferation at the edge.
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suppurative granulomas with a large number of vascu-
lar components but no pustules. This reflects the link
between inflammation and vascular proliferation.8

4. Sebaceous secretions promote inflammation

We observed that sebaceous secretions were the
main cause of inflammation in acne in many clini-
cal cases.

Example 3. Several nodules and cysts on the sub-
mandibular neck and old scars and keloids on the
neck were observed in a patient with inflammatory
acne. Obvious cord-like hyperplasia on the back
was also evident (Fig. 3AB). This is a continuous
and gradual process. Determining how to block

this process is challenging and will be the focus of
this article.

Example 4. A patient presented with keloids
due to previous acne characterized by irregular

Figure 2. We emphasize repeated inflammation stimulates to the
granulation tissue hyperplasia in the area without suture, so leav-
ing scars after healing. (from Bolognia JL,Jorizzo JL,Schaffer JV .
Dermatology (3rd Edition). Amsterdam(NL):Elsevier;2012.p2315.
Fig.141.4)

Figure 3. Keloids secondary to severe acne. A. Obvious cord-like
hyperplasia on the back; B. Nodules and cysts on the submandib-
ular neck, old scars/keloids on the neck and neck side; C. The con-
tents of sebaceous glands were squeezed out due to the high
injection pressure, when we injected the hormone into scar
nodules.
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nodules and plaques with hard, bright red lesions
on both sides of the face (Fig. 4A). After six
months of treatment, the scars flattened. Epider-
moid cysts were present around the scars
(Fig. 4B). In addition to the classical manifesta-
tions of epidermoid cysts, peripheral inflammatory
responses and inflammatory activity were evident,
leading to granulation and tissue repair and, ulti-
mately, scarring.

Example 5. A patient presented with an epidermoid
cyst with a black opening (Fig. 4C). We could not
extract the contents through a needle, which appeared
to be new, raw granulation tissue, reflecting the scar-
ring process.

Example 6. A patient with keloids on the chest
showed improvement after treatment with glucocorti-
coid and 5-fluorouracil (5-FU), but many blackheads
and epidermoid cysts remained (Fig. 5AB). The
patient stated that his keloids were caused by
folliculitis.

5. Keloid/hypertrophic scar treatment

Exploring the natural history of scar hyperplasia can
guide treatment. First, early trauma healing should be
identified, and infection should be prevented. Infec-
tion can initiate inflammation and therefore lead to
scar formation. Second, vessel occlusion should be
performed early. Pulsed dye laser (PDL) or intense
pulse light (IPL) with the corresponding wavelengths
can be used to treat vascular components. For general-
ized acne, oral isotretinoin can be used to inhibit
inflammation.

6. Therapies targeting blood vessels

The wavelength of the PDL is 585–600 nm. This wave-
length can penetrate 2 mm subcutaneously to reach
blood vessels. However, it is not necessarily better to
use longer wavelengths to reach deeper layers of the
skin. In addition to the depth, the maximum absorp-
tion effect should occur at the hemoglobin target chro-
mophore. The absorption of hemoglobin at the
wavelength of 585–600 nm is optimal. These two fac-
tors determine the optimal treatment of blood vessels
by PDLs.

International guidelines on hypertrophic scars
from 2014 state that the effects of PDLs, CO2 frac-
tional lasers (clinically, fractional lasers are less
effective for inhibiting scarring, and the effects of

Figure 4. A keloid after acne in cheek. A. Before; B. After six
months of treatment, scars flattened. But epidermoid cysts were
found around the scar. C. A epidermoid cyst which is already
scarring.
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PDLs are clearer), 5-FU and hormones are all pre-
cise. However, 5-FU has a greater effect on blood
vessels.9 Low-dose 5-FU (less than 1 mg/mL) can
prevent fibroblast proliferation, cell cycle arrest
and apoptosis at the G2/M phase, but it cannot
immediately lead to fibroblast death.10 Injection of

5-FU and corticosteroids to inhibit scar vascular
hyperplasia can achieve satisfactory results.11

7. Reducing sebaceous gland secretions to treat
keloids after severe acne

Dermatologists are concerned about scarring after
acne heals. The guidelines for acne (2016)12 define
acne lesions based on comedones, inflammatory pap-
ules, pustules and nodules (cysts). Previously, nodules
and cysts were defined as two distinct lesions because
the nodules or cysts associated with acne cannot be
strictly differentiated. Factors that may be associated
with clinical extrusion and damage transform nodular
lesions into cysts.

For clinical treatment, hormones are injected into
scar nodules, and the contents of the sebaceous glands
are expelled through high-pressure injections
(Fig. 3C). An inflammatory response, as a foreign
body reaction, occurs around the injection site. Ma
Ying et al13 suggested that inflammation is inherent
during the entire course of acne. They also empha-
sized anti-inflammatory therapy as a treatment. Their
article noted that studies by Norris JF14 and others
confirmed that the inflammatory response is involved
in subclinical skin lesions and that the early inflamma-
tory response eventually leads to the emergence of
clinical inflammatory lesions. Some scholars15 have
detected IL-1a in isolated sebaceous glands and in the
body, which resulted in excessive proliferation and
abnormal differentiation of keratinocytes, thereby
promoting the growth of clinical microbes. Jeremy16

and others found that the normal pilosebaceous unit
of acne patients was extensively involved in inflamma-
tion, and the expression levels of CD4

C T-lympho-
cytes, macrophages, IL-1 and epidermal a-integrin
were significantly increased, thus confirming the role
of inflammation in micro acne. This prolonged
inflammatory response leads to granulation hyperpla-
sia and tissue repair, thus causing scarring and fibro-
sis. From this point of view, considering the
persistence of inflammatory factors in keloids, we can
alleviate inflammation by reducing sebaceous gland
secretion. Therefore, oral isotretinoin is effective for
the healing of generalized persistent acne scars. As
another example, a patient with keloids on his chest
for 20 years that had become painful during the previ-
ous 6 months (Fig. 6A) mentioned that he could eject

Figure 5. The patient with keloids in the chest. A. Before B. After
four months treament of glucocorticoid and 5-fluorouracil, leav-
ing a lot of blackheads and epidermoid cysts.
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sebum-like material from the reactive keloid. Exten-
sive sebaceous gland hyperplasia was evident on his
face (Fig. 6B). This disease was previously considered
to be related to a tumor. However, scholars now
believe that this condition only reflects hyperplasia of
sebaceous glands. Therefore, the use of oral isotreti-
noin to inhibit sebaceous gland secretions is a reason-
able therapeutic strategy.

No clear standard is available for the prevention
and treatment of acne scars and keloids in the
guidelines for acne (2016).12 In the 2014 edition of
the International Scar Guide,17 no description is
available regarding the treatment of acne scars.
Only the Chinese Guideline of Acne (2014)18 men-
tions that “oral isotretinoin treatment is required
for acne that tends to scar”, but it does not clarify
the basis of this recommendation, and no exact
assessment was used to determine clinical efficacy.
We hope that through this paper, practitioners can
clearly understand the key role of inflammatory
factors in the process of hypertrophic scar/keloid
formation after acne, the key role of comedo/seba-
ceous gland secretions in inducing inflammation,
and the subsequent role of isotretinoin in the treat-
ment and prevention of keloids/hypertrophic scars
after acne heals.
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