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Increased number of mast cells in the dermis in actinic
keratosis lesions effectively treated with imiquimod
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ABSTRACT

Actinic keratosis (AK) is a cutaneous cancer in situ which develops as a result of excessive exposure to

ultraviolet (UV). Toll-like receptor (TLR)7 agonist imiquimod is a topical immune response modifier and is

effective for the treatment of non-melanoma skin cancers. Recently, the diagnostic role of the dermatoscope

has been reported in the course of treatment of AK. In addition, mast cells are now considered to contribute

to both the innate and adaptive immune systems in topical imiquimod therapy. We assessed the effect of

imiquimod treatment by dermatoscopic and immunohistochemical findings in 14 patients with a total of 21

AK lesions. With the dermatoscope, though the mean erythema score was not significantly different between

the cured lesions and the unresponsive lesions, the erythema/red pseudo-network (“strawberry”) pattern was

decreased significantly in the cured lesions. By immunohistochemistry, the number of Ki-67-positive prolifera-

tive cells in the epidermis was decreased and that of CD117-positive mast cells in the dermis was

increased in the responding lesions. To the best of our knowledge, this is the first study demonstrating that

the number of mast cells in the dermis was increased in AK lesions effectively treated with imiquimod. Our

present result suggests that mast cells may contribute an antitumor effect in human skin treated with topical

imiquimod.
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INTRODUCTION

Actinic keratosis (AK) is a skin cancer in situ commonly

observed on sun-exposed areas.1 A fair skin type, age and

chronic ultraviolet (UV) exposure are considered to be risk

factors for developing AK.2 The rate of progression of AK to

squamous cell carcinoma is estimated to range 0.025–16%/

year.3 For this reason, AK should be treated appropriately at

an early stage. Ishihara et al.4 reported that the number of AK

patients seen at major medical institutions in Japan has

tended to increase over the past 15 years. While a variety of

effective treatments are available for AK, topical application of

imiquimod was approved for its treatment in November 2011

in Japan.5 Recently, the diagnostic role of the dermatoscope

has been reported in the course of treatment of AK.6 Addition-

ally, mast cells are now considered to contribute to both the

innate and adaptive immune systems in topical imiquimod

therapy.7 In this study, we assessed the effect of imiquimod

treatment not only by dermatoscopic findings such as ery-

thema/red pseudo-network,6 but also by immunohistochemical

findings such as the numbers of Ki-67-positive proliferative

cells in the epidermis and CD117-positive mast cells in the

dermis.

METHODS

Patients
From January to December 2012, the patients who had clini-

cally typical non-hyperkeratotic AK located on the face or the

front of the head, confirmed by the histopathological diagnosis

with two or three basal layers of nuclear atypia (mild or moder-

ate AK), and who chose imiquimod therapy but not operation

at the Department of Dermatology, Nippon Medical School

Hospital, were enrolled in this study. In detail, the size of each

clinical lesion was more than 1 cm2 and less than 4 cm2 and

the lesion showed slight palpable erythema, Olsen grade 1,8

and histopathologically Bowenoid type (severe AK) was

excluded. Each patient was instructed to apply imiquimod 5%

cream (Beselna� cream 5%; Mochida Pharmaceutical, Tokyo,

Japan) to the AK lesion(s) three times per week for 4 weeks

consecutively, and to attend follow-up visits on weeks 1, 2 and

4 during the treatment period. After the first course of 4-week
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treatment, a 4-week interval without treatment was taken, then

a second course of another 4-week treatment was performed

if the residual AK lesions were suspected.

Assessment of clinical and dermoscopic images
At each follow-up visit, the AK lesion(s) were examined using a

dermatoscope by two educated dermatologists to evaluate the

erythema/red pseudo-network (“strawberry”) pattern, which is

typified by telangiectatic vessels and keratotic plugs in the hair

follicles surrounded by whitish halos.9 Local skin reaction 10

was graded 0–4 based on the classification of erythematous

reaction (grade 0, no erythematous reaction; grade 1, mild;

grade 2, moderate; grade 3 severe; grade 4, very severe).

Histopathological analysis
A skin biopsy was obtained from treated lesions 4 weeks after

the end of treatment. All biopsy specimens were stained with

hematoxylin–eosin (HE) for histopathological examination.

When no atypical cells were identified in the HE biopsy speci-

mens, the lesion was defined as cured.

In addition, immunohistochemistry study using antibodies

against Ki-67 (Dako, Glostrup, Denmark) and CD117 (Dako)

was performed on all biopsy specimens, and the ultraView

DAB universal kit (Roche, Kaiseraugst, Switzerland) was used

as the detection system. To detect mast cells, toluidine blue

staining was also performed. Immunohistochemistry was

assessed by counting positive cells from two random fields of

view at 9200 magnification and then taking the average.

Statistical analysis
All statistical analyses were performed using IBM SPSS Statis-

tics (version 21; IBM, Armonk, NY, USA). Data were analyzed by

Mann–Whitney U-test, Wilcoxon signed-rank test or McNemar’s

test. P < 0.05 was considered statistically significant. All

statistical tests were two-sided.

RESULTS

Clinical status
Fourteen patients, six women (43%) and eight men (57%), with a

total of 21 AK lesions completed the study and were included in

the analysis. The median age of the patients was 72 years

(range, 67–90). In all patients, AK were located on the face or the

front of the head. As the AK lesions did not show complete clear-

ance clinically by one course of 4-week treatment, all the lesions

were treated with two courses of 4-week treatment. After two

courses of treatment, the cure rate was 57% (histopathologically

cured lesion, 12/21; unresponsive lesion, 9/21).

Dermatoscopy findings
The erythema scores were compared between the cured

(n = 12) and the unresponsive lesions (n = 9). There was no

significant difference between the two groups in initial ery-

thema score before treatment (Fig. 1; Mann–Whitney U-test,
P = 0.545). The mean erythema scores after treatment were

significantly increased in both groups (Wilcoxon signed-rank

test: cured group, P = 0.007; unresponsive group, P = 0.027).

Although there was a tendency for the erythema score in cured

lesions to be slightly higher than that in unresponsive lesions,

the mean erythema score was not significantly different

between the two lesions (Fig. 1; Mann–Whitney U-test,
P = 0.157).

The dermatoscope before treatment revealed erythema/red

pseudo-network (strawberry) patterns in 16 of 21 lesions

(76%). After the course of treatment, this had decreased to six

of 21 lesions (29%). In the histopathologically cured group, a

pseudo-network was observed in nine of 12 (75%) lesions

before treatment, and this had decreased to two of 12 lesions

(17%) after treatment. On the other hand, in the unresponsive

group, a pseudo-network was present in seven of nine lesions

(78%) before treatment, but this had decreased to four of nine

lesions (44%) after treatment. Although these pseudo-networks

had decreased in each group, the change was significant in

the cured group between before and after treatment, and not

significant in the unresponsive group (McNemar’s test: cured

group, P = 0.016; unresponsive group, P = 0.250).

Immunohistochemical analysis
The mean number of Ki-67-positive cells in the epidermis of

cured lesion had decreased significantly after treatment

(Figs 2a,b,3a; Wilcoxon signed-rank test, P = 0.023). In con-

trast, there was no significant change in those of unresponsive
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Figure 1. Box plots showing that erythema score of cured

(gray boxes) and unresponsive lesions (white boxes) before
and after treatment. There was no significant difference

between the groups (both Mann–Whitney U-test).

Figure 2. Immunohistochemical staining for (a–d) Ki-67 and (e–h) CD117 before and after treatment (original magnification 9100).

(a,b,e,f ) Cured lesions. (c,d,g,h) Unresponsive lesions. (a,c,e,g) Before treatment. (b,d,f,h) After treatment. In a cured lesion, (a,b)

Ki-67-positive cells in the epidermis were decreased and (e,f ) CD117-positive cells in the dermis were increased after treatment.
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lesions before or after treatment (Figs 2c,d,3a; Wilcoxon

signed-rank test, P = 0.515). Furthermore, the number of

CD117-positive cells in the dermis after treatment was signifi-

cantly increased in cured lesions compared with that before

treatment (Figs 2e,f,3b; Wilcoxon signed-rank test, P = 0.041).

There was no significant difference in CD117 expression in

unresponsive lesions before and after treatment (Figs 2g,h,3b;

Wilcoxon signed-rank test, P = 0.521). Neither was any signifi-

cant difference noted between the groups of cured and

unresponsive lesions before topical imiquimod treatment

(Mann–Whitney U-test: Ki-67, P = 0.651; CD117, P = 0.702).

Similar results were obtained by toluidine blue staining for

detection of mast cells (Figs S1,S2).

DISCUSSION

Imiquimod, a synthetic Toll-like receptor (TLR)7 agonist with a

molecular weight of 240.3 Da,10 is recently well used to treat

multiple AK lesions. TLR are a type of pattern recognition recep-

tor. TLR1–10 have been confirmed in humans,11 and are believed

to recognize lipopolysaccharides, peptidoglycans and other

pathogen-specific molecules (pathogen-associated molecular

patterns), and thereby to activate the innate immune system via

activation of the TLR/MyD88/nuclear factor-jB signaling path-

way.12 TLR7, which is present in the endosomal membranes of

dendritic cells, monocytes, macrophages13 and mast cells,14

recognizes imiquimod and virus-derived ssRNA.15,16

Strawberry patterns of the skin were reduced after treatment

in both responding and non-responding lesions though there

was significant difference only in the former. In addition,

although it has been reported that the complete clearance rate

of AK tended to increase as the intensity of erythema

increased,17 no significant difference in erythema response

score was observed between the two groups in our results.

Strawberry pattern is typified by linear vessels surrounding the

hair follicles, as previously mentioned.6 The erythema score is

considered to reflect the degree of local skin inflammation. Imi-

quimod, activating the innate immune system, inhibits tumor

angiogenesis through promoting the production of interferon

(IFN)-c.18 Although the strawberry patterns in responding

lesions were attenuated significantly, the erythema score and

therapeutic effects did not correlate, perhaps because the ery-

thema had become less noticeable by angiogenesis inhibition.

In this study, lesions in which topical imiquimod was effec-

tive had significant post-treatment reductions in Ki-67-positive

cells in the epidermis. Ki-67, a cell proliferation marker that

localizes in the nucleus, is expressed in the G1 phase as well

as between the S and M phases of the cell growth cycle.19,20

Its expression is thought to positively correlate with malignancy

grade,19 suggesting that topical imiquimod treatment lowers

the AK malignancy grade.

Several theories regarding the mechanism by which imiqui-

mod exerts an antitumor effect have been proposed, including

the induction of type I IFN secretion via TLR7 stimulation of

plasmacytoid dendritic cells (pDC) in the dermis,21 inhibition of

angiogenesis22 and induction of tumor cell apoptosis.23

Recently, topical imiquimod was reported to have activity

towards mast cells. In a melanoma mouse model, local recruit-

ment of pDC was shown to be promoted by the CC chemokine

ligand 2, which is produced from mast cells via TLR7 stimula-

tion, and mature pDC were shown to exert a direct antitumor

effect.24 Mast cells activated by TLR7 stimulation are also

reportedly involved in the migration of Langerhans cells and

intensity of the cytotoxic T-cell response.7 Hence, mast cells

have been implicated in both the innate and adaptive immune

systems in topical imiquimod therapy.7

Interestingly, lesions in which imiquimod treatment was

effective in this study had a significant increase in CD117-posi-

tive cells in the dermis compared with those before treatment.

CD117 is expressed in melanocytes and mast cells in the

normal skin.25 It is consequently considered that the
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Figure 3. Box plots of the mean number of (a) Ki-67-positive
cells in the epidermis and (b) CD117-positive cells in the der-

mis from two random fields. In a cured lesion, Ki-67-positive

cells in the epidermis had significantly decreased after treat-
ment (*P = 0.023, Wilcoxon signed-rank test). The number of

CD117-positive cells in the dermis after treatment was signifi-

cantly increased in cured lesions (*P = 0.041, Wilcoxon

signed-rank test).
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CD117-positive cells with granules observed in the dermis

were mast cells. To the best of our knowledge, this is the first

study to demonstrate that the number of mast cells in the der-

mis was increased in AK lesions effectively treated by imiqui-

mod. Lately, mast cells have been reported to play a critical

role in the initial inflammatory response induced by topical imi-

quimod. TLR7 stimulation provoked a local initial inflammatory

response that was dependent on tumor necrosis factor-a pro-

duced from mast cells.26 Moreover, in a contact hypersensitiv-

ity model using hapten, mast cells and dendritic cells were

reported to activate one another and play key roles in estab-

lishing sensitization.27 Therefore, an association between pDC

and mast cells would possibly be observed in skin treated with

topical imiquimod. Local skin reaction such as erythema and

edema are well-known side-effects of imiquimod; therefore,

mast cell induction could also be related to the side-effects of

imiquimod.

Recent report revealed that the erythema score, which

reflects the clinical inflammation induced by imiquimod, was

significantly correlated to the duration for AK clearance, imply-

ing that inflammation elicited by topical imiquimod accelerates

AK clearance.28 We evaluated erythema score after two

courses of topical therapy with imiquimod, and there was no

significant difference between cured and non-responsive

lesions at this time. It is possible that tumor cells had already

been removed in the cured group which resulted in less inflam-

mation. Our finding that prolonged mast cell induction was

observed in cured lesions may contribute to the prolonged

clearance of AK lesions, as imiquimod is known to keep

tumor-free states even after the cessation of the treatment.

Sun-exposed skin, where AK occurs most frequently, has a

high probability of possessing p53 genetic aberration.29 In

addition, UV exposure lowers local immunity,30 such that skin

surrounding AK is believed to be in a state of field canceriza-

tion, a condition in which tumors are more likely to occur.31

Imiquimod has been reported to curb tumor recurrence32 and

rejuvenate photo-aged skin at sites where it was topically

applied.33 Thus, when considering the skin as a source of

tumor generation, we propose that topical imiquimod is a suit-

able method for treating AK.

In summary, we assessed the effect of imiquimod treatment

for AK by dermatoscopic and immunohistochemical findings.

Strawberry patterns of dermatoscopy were significantly reduced

after treatment in responding lesions. By immunohistochemistry,

the number of Ki-67-positive proliferative cells in the epidermis

was decreased and that of CD117-positive mast cells in the der-

mis was increased in responding lesions. These findings are use-

ful in assessing the effectiveness of imiquimod treatment for AK.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online

version of this article:

Figure S1. (a–d) Toluidine blue staining before and after treat-

ment (original magnification 9100).

Figure S2. Box plots of the mean number of mast cells in the

dermis from two random fields.
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