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ABSTRACT
Objective: The aim of this study is to determine narrowband UVB (NB-UVB) irradiation’s effect on 
the promotion of skin cancer, particularly its effect on DNA damage, oxidative stress, inflamma-
tion, and histological changes in Wistar rat skin.
Materials and Methods: Wistar rats were selected for this study and randomly divided into con-
trol, dimethylbenzanthracene (DMBA), and DMBA+NB-UVB groups. The rats were given a single 
dose of DMBA and exposed to NB-UVB 3 times a week for 10 weeks. The radiation dose started 
with 1 minimal erythema dose, which is equivalent to 3.192 J/cm². In the 11th week, analysis 
on cyclobutene pyrimidine dimer (CPD), malondialdehyde (MDA), nuclear factor kappa-B (NFκB), 
inflammatory cytokines, and histopathology examination of the skin tissue was conducted.
Results: Higher CPD, MDA, NFκB, tumor necrosis factor a (TNF-a), interleukin (IL)-6, IL-11, IL-10, 
and IL-12 levels in rats exposed to DMBA+NB-UVB for 10 weeks compared to control and DMBA 
groups. Macroscopic examination presented erythema, skin thickening, desquamation, ulcer, 
and crust. Histopathology examination showed hyperkeratosis, acanthosis, atypical keratino-
cytes, irregular arrangement of the basement membrane, and inflammatory cell infiltration in the 
DMBA+NB-UVB group.
Conclusion: This research has shown that 10 weeks of a combination of DMBA and NB-UVB irradi-
ation induced DNA damage, oxidative stress, inflammation, and histological changes in the Wistar 
rat skin.

Introduction

Cutaneous squamous cell carcinoma (cSCC) is a common 
nonmelanoma skin cancer (NMSC), comprising approxi-
mately 20% of all cutaneous neoplasms [1,2]. cSCC demon-
strates a complex clinical course, evolving from precursor 
lesions such as actinic keratosis to squamous cell carci-
noma in situ, invasive cSCC, and, ultimately, metastatic 
cSCC [3]. Ultraviolet B radiation (UVB) is the primary risk 
factor for SCC. Cumulative exposure to ultraviolet light 
over a lifetime significantly contributes to cSCC risk [4–6]. 
The incidence of cSCC exhibits significant geographic vari-
ability and has persistently increased by over 50% in the 

past three decades [2]. Surgery remains the mainstay for 
treating cSCC; however, scar formation and functional lim-
itations after surgery are still a challenge considering the 
anatomical site of the lesion, which is often found in the 
exposed area. Nonsurgical options have limitations [7], 
and with the increasing incidence of nonmelanoma skin 
cancer in Indonesia, preventive efforts against cSCC are 
crucial.

Comprehensive research to elucidate the underlying 
mechanisms of carcinogenesis events is essential to devise 
effective cSCC prevention and therapeutic strategies. A suit-
able animal model is beneficial for gaining deeper insights 
into disease biology, thereby increasing research success 

ARTICLE HISTORY
Received June 24, 2024
Revised November 25, 2024
Accepted December 03, 2024
Published December 29, 2024

KEYWORDS
Narrowband UVB; Skin 
carcinogenesis; Wistar rat

© The authors. This is an Open Access 
article distributed under the terms of 
the Creative Commons Attribution 4.0 
License (http://creativecommons.org/
licenses/by/4.0)

Contact Septelia Inawati Wanandi  septelia.inawati@ui.ac.id  Department of Dermatology and Venereology, Faculty of Medicine, Universitas 
Indonesia, Jakarta, Indonesia.

How to cite this article: Ade Krisanti RI, Wanandi SI, Wuyung PE, Hoemardani ASD. Effect of narrowband ultraviolet B (311 nm) exposure on skin carcinogenesis in 
Wistar rats. J Adv Vet Anim Res 2024; 11(4):1104–1112.

http://bdvets.org/javar/	�  1105Krisanti et al. / J. Adv. Vet. Anim. Res., 11(4): 1105–1113, December 2024

http://doi.org/10.5455/javar.2024.k861
https://orcid.org/0009-0005-4015-2046
https://orcid.org/0000-0002-7963-8853
https://orcid.org/0000-0002-9737-4409
https://orcid.org/0009-0004-0310-1859
mailto:septelia.inawati@ui.ac.id


http://bdvets.org/javar/	�  1106Krisanti et al. / J. Adv. Vet. Anim. Res., 11(4): 1105–1113, December 2024

[1]. An animal model seeks to emulate human conditions 
or diseases. Though they may not entirely mimic all vari-
ables seen in human disease, they offer valuable insights 
into molecular and cellular aspects [3]. Research on cSCC 
carcinogenesis using animal models of transgenic mice 
with certain strands has been widely conducted. However, 
in Indonesia, the scarcity of animal models with certain 
strains remains a major challenge and limits experimental 
options. The Wistar rat is a promising experimental model 
because it has several advantages, including its wide avail-
ability and good genetic background characteristics.

The classic mouse model for studying SCC involves two-
stage chemical carcinogenesis. Using a single topical dose 
of dimethylbenzanthracene (DMBA), followed by repeated 
administration of 12-O-tetradecanoylphorbol-13-acetate 
(TPA), can promote the growth of papillomas that can 
develop into SCC, which can then metastasize to distant 
sites [8,9]. Although this method has been widely applied, 
on the other hand, the induction of carcinogenesis with 
UV in animal models is biologically considered to be more 
similar to carcinogenesis in humans, considering that 90% 
of NMSC in humans are estimated to be caused by exces-
sive exposure to UV radiation [10].

UVB (280–320 nm) exposure plays a role in photocar-
cinogenesis as an initiator and promoter [11]. It directly 
damages DNA and generates reactive oxygen species 
(ROS), leading to oxidative stress and inflammation. 
Additionally, UVB exposure activates signaling pathways 
that promote inflammation, immunosuppression, and cell 
proliferation, further encouraging carcinogenesis [12]. 
Notably, narrowband UVB (NB-UVB) is widely used for 
treating various skin conditions such as psoriasis, atopic 
dermatitis, and vitiligo due to its efficacy and safety profile 
compared to broadband UVB (BB-UVB) [13–15]. However, 
despite these therapeutic benefits, NB-UVB has been impli-
cated as a potential carcinogen. A cohort study in Finland 
by Åkerla et al. [16] found an increased incidence of skin 
cancer in psoriasis and atopic dermatitis patients under-
going phototherapy with NB-UVB radiation (TL-01). Other 
studies in genetically modified mice have shown that pro-
longed exposure to NB-UVB can induce DNA damage and 
mutations similar to those caused by natural UVB, thereby 
increasing the risk of skin cancer [17]. Additionally, 
research by Yogianti et al. [18] demonstrated that NB-UVB 
exposure caused tumor development on mice’s skin by 
inducing p53 mutations through cyclobutene pyrimidine 
dimer (CPD) formation. This emphasizes the importance 
of understanding NB-UVB’s effects on skin carcinogenesis.

Some previous studies have highlighted the significance 
of the promotion phase in cSCC development. The promo-
tion phase of SCC involves intricate molecular mechanisms 
and inflammatory cascades. These factors contribute to 
DNA damage, oxidative stress, and inflammatory responses, 

thereby fostering tumor progression [12]. In this study, we 
hypothesize that chronic exposure to NB-UVB after DMBA 
initiation will exacerbate DNA damage and oxidative stress 
and increase inflammatory responses, which play a role 
in skin carcinogenesis promotion of Wistar rat skin. This 
hypothesis is based on the understanding that UVB can 
cause direct DNA damage and modulate inflammatory 
pathways, leading to tumor initiation and promotion [12].

The novelty of our research lies in using a single dose of 
DMBA combined with chronic NB-UVB exposure to promote 
skin carcinogenesis in Wistar rats, a readily accessible and 
common model used in Indonesia. Unlike traditional mod-
els, which often rely on genetically modified animals or 
multistage chemical carcinogenesis protocols, this research 
focuses on the role of NB-UVB in promoting skin cancer after 
DMBA initiation. The study provides a comprehensive evalu-
ation of how NB-UVB influences skin carcinogenesis through 
mechanisms of DNA damage and inflammatory responses 
that then trigger histological alterations, offering a perspec-
tive on the interaction between NB-UVB exposure and chem-
ical initiation in skin cancer development. In this study, we 
examined parameters such as CPD, malondialdehyde (MDA), 
NFkB, and inflammatory cytokines (TNF-α, IL-6, IL-11, IL-10, 
and IL-12) to understand the molecular and histological 
changes induced by these exposures, making it a practical 
and relevant choice for skin cancer research in Indonesia.

Materials and Methods

Ethical approval

The protocol for this animal study was accepted by the 
Ethical Committee, Faculty of Medicine, Universitas 
Indonesia, Jakarta (Protocol Number: 23-04-0480, Date of 
Approval: 01 May 2023).

Study design

The study was an experiment involving Wistar rats. The 
sample size was determined using the resource equation 
approach for a one-way ANOVA design, ensuring the degrees 
of freedom (DFs) stayed within an acceptable range (10–20) 
[19,20]. By substituting the minimum (10) and maximum 
(20) DF values in the calculation, each group should comprise 
4–6 animals. Consequently, the total sample size required to 
maintain a DF value between 12 and 20 was 12–18 animals. 
Based on this calculation, the study employed 18 rats

n (min or max) = DF (min or max)
k

 + 1

n = number of animals per group

DF = Degree of freedom

k = number of groups. 
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Animals and treatment

A total of 18 Wistar rats were selected for this study. The rats 
were randomly divided into 3 groups, consisting of a control, 
DMBA, and DMBA + NB-UVB group. The rats were obtained 
from PT. Bio Farma, Bandung Barat, Jawa Barat, Indonesia. 
The age of the rats in this study ranged from 10 to 12 weeks. 
Rats were placed at the Animal Research Facilities IMERI 
FKUI, Jakarta, Indonesia. The rats were housed in cages with 
access to food and water. The light was maintained for a 
12-hour light and dark cycle with no access to direct sunlight. 

The rats were acclimated for 7 days prior to the experi-
ment. The dorsal area was shaved every five days in an area 
measuring 3.5 × 5 cm. Before shaving, rats were injected 
intra-peritoneally with ketamine (40–90 mg/kg BW) and 
xylazine (5–10 mg/kg BW) as an anesthetic. Next, a single 
dose of 1% (w/v) DMBA (0.01 gm of DMBA diluted in 1 ml 
of absolute acetone) was applied to the shaved area of the 
rat’s back using a micropipette.

Minimal erythema dose (MED) was determined prior to 
DMBA and NB-UVB induction. The minimal erythema dose 
obtained was 3.192 J/cm² (20 min). One week after DMBA 
application, 311-nm NB-UVB light was exposed to the 
DMBA+NB-UVB group 3 times a week for 10 weeks. The 
radiation dose begins with a duration of 20 min (1 MED), 
which is equivalent to 3.192 J/cm² and is increased to 30 
min (1.5 MED) at the beginning of the 4th week. The radi-
ation dose of 1.5 MED was maintained from the fourth to 
sixth week. Entering the seventh week, the radiation dose 
was again increased to 40 min (2 MED) and maintained 
until the end of the 10th week. Excision of skin tissue is 
carried out on the last day after radiation in the 10th week.

UV devices containing UV-B Narrowband TL 100W/01 
SLV/10 (Phillips Ltd., London, United Kingdom) were 
used as the UV source. In total, four UVB Narrowband TL 
emitted irradiance of 0.00266 mW/cm2 (intensity) mea-
sured using the UV light meter Lutron YK-35UV (Lutron 
Electronic Enterprise Co., Ltd, Taipei City, Taiwan).

Measurement of CPD level

DNA extracted from rat skin tissue served as the sample 
for quantifying CPD levels. Total DNA isolation employed a 
commercially available DNA isolation kit [Zymo Research, 
D4069], adhering to the manufacturer’s protocol. CPD 
level determinations were executed on 50 μl of 4-μg/ml 
DNA samples using the indirect ELISA [Abcam, ab242297] 
by the manufacturer’s recommended procedures.

Skin tissue homogenate

Skin samples were homogenized with 0.01-M phos-
phate buffer saline, pH = 7.4 (1:9 w/v). Subsequently, the 
homogenate was centrifuged at 5,000 × gm for 5 min-
utes at 4°C. Then, the supernatant was used for research 

parameters analysis, including MDA, nuclear factor kap-
pa-B (NFκB)-p-65, and inflammatory factors (TNF-a, IL-6, 
IL-10, IL-11, and IL-12).

Measurement of MDA level

The quantification of MDA levels in rat skin homogenates 
was performed using Will’s method, predicated upon 
the interaction between MDA and thiobarbituric acid 
(TBA). Subsequently, MDA within the sample underwent 
a reaction with TBA, yielding a thiobarbituric acid reactive 
substance (TBARS), whose concentration was assessed 
spectrophotometrically at 530 nm.

Measurement of NFκB (p-65) and inflammatory factors

The levels of NFκB (p-65) [Finetest, ER0033] and inflam-
matory factors, namely, TNF-a [Elabscience, E-EL-R2856], 
IL-6 [Finetest, ER0042], IL-10 [Finetest, ER0033], IL-11 
[Finetest, ER0093], and IL-12 [Finetest, ER1086], were 
measured using the sandwich ELISA method as per the 
manufacturer’s instructions. To ensure the accuracy of the 
results, the concentrations of these NFκB and inflamma-
tory factors were adjusted to the total protein content of 
each sample, which was determined using the Bradford 
method [BioRad, 5000006].

Histopathology analysis

The excised skin tissue is fixed in 10% formalin and then 
dipped in alcohol and xylol solution. The tissue is then 
placed in a paraffin solution and arranged into a cassette. 
The paraffin hardens until a block forms. The paraffin block 
was then sliced using a microtome. Tissue that has been 
sliced is taken using a glass object. The tissue was stained 
using hematoxylin and eosin staining. Skin tissue prepara-
tions that had been stained with HE were then observed 
under a Leica DM750 microscope. Each skin tissue prepa-
ration was then photographed using a Leica MC190 HD 
Microscope Camera in 5 fields of view with 10× and 40× 
magnification. The images of the skin tissue preparations 
obtained were then analyzed descriptively.

Statistical analysis

Statistical analysis employed ANOVA and Tukey’s test for 
normally distributed data. For nonnormally distributed 
data, we used the Kruskal–Wallis test followed by Dunn’s 
test. Data processing was conducted using GraphPad Prism 
software version 10.0.

Results

NB-UVB exposure induced DNA damage and oxidative stress

NB-UVB exposure particularly increases DNA damage by 
forming CPD. As depicted in Figure 1A, 10 weeks of NB-UVB 
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exposure following DMBA administration significantly 
increased CPD levels in rats’ skin compared to the control 
and DMBA-only groups. In addition, this study evaluated the 
skin’s oxidative stress status following NB-UVB exposure 
through MDA-level assessment. Results revealed significantly 
higher MDA levels in rats exposed to DMBA and NB-UVB for 
10 weeks compared to DMBA-only groups (Fig. 1B).

NB-UVB exposure induced the expression of NFκB and 
inflammatory factors

NB-UVB exposure is recognized to influence NFκB expres-
sion. Although not statistically significant, the results revealed 
an increase in NFκB levels in the rat skin following ten weeks 
of NB-UVB exposure after DMBA administration compared 
to the control and DMBA-only groups (Fig. 2A). In addition, 
various inflammatory factors, including TNF-α, IL-6, and 
IL-11, are implicated in promoting skin photocarcinogene-
sis. The findings indicated that skin samples from the group 
exposed to NB-UVB for 10 weeks post-DMBA administration 
exhibited elevated TNF-α levels compared to the control and 
DMBA-only groups (Figure 2B). Similarly, this group also 
demonstrated significantly heightened levels of IL-6 (Fig. 2C) 
and IL-11 (Fig. 2D) compared to the control and DMBA-only 
groups. Additionally, following 10 weeks of NB-UVB exposure 
post-DMBA administration, a significant increase in IL-10 
levels (Fig. 2E) with marginal elevation in IL-12 levels was 
observed, compared to control and DMBA-only groups (Fig. 
2F), indicating a potential shift in the immune response.

NB-UVB exposure causes skin erythema and histological 
damage

In Figure 3, it can be seen that macroscopically, experimen-
tal animals that were given DMBA and NB-UVB exposure 

for 10 weeks showed erythematous skin accompanied 
by thickening of the skin, desquamation, ulcer, and crust. 
Meanwhile, in the control group and the group given 
DMBA-only, there was no visible redness or thickening of 
the skin. The histopathological analysis of skin tissue of the 
DMBA and NB-UVB groups showed hyperkeratosis, epider-
mal thickening, atypical keratinocytes, irregular arrange-
ment of the basement membrane layer, and inflammatory 
cell infiltration. In the control and DMBA groups, there was 
no hyperkeratosis or epidermal thickening, along with an 
orderly arrangement of the basement membrane (Fig. 4).

Discussion

Numerous studies have investigated animal models of skin 
carcinogenesis in cSCC, including the complete and two-
stage methods. In the complete skin carcinogenesis model, 
tumor development occurs without additional carcino-
gens after high-dose exposure or repeated lower doses 
[3,21]. Differentiating between initiation and promotion 
stages complicates interpretation. On the other hand, the 
two-stage model distinctly separates these stages [21]. 
Typically, the model begins with administering chemically 
carcinogenic DMBA, followed by tumor promotion agents 
such as TPA. Despite extensive application, the DMBA/TPA 
model is less representative of human events, primarily 
induced by UV light exposure [1,3]. Our study aims to pro-
vide an overview of how exposure to NB-UVB light induces 
the promotion phase of a two-stage skin carcinogenesis 
model in Wistar rats after topical administration of DMBA.

Topical DMBA was used in this study. Factors affecting 
topical drug administration consist of skin microflora, skin 
pH, skin surface lipids, temperature, blood flow, skin dis-
ease, skin adnexa (hair follicles and sweat glands), skin 
metabolism, age, race, and individual variations [22]. The 
aim of applying a single dose of DMBA in this study was as 
an initiator, followed by administering NB-UVB as done by 
Kapadia et al. [23], which we have modified.

NB-UVB, situated within the 311-nm wavelength of the 
BB-UVB spectrum [24], has garnered considerable atten-
tion as a potential carcinogen, particularly in the progres-
sion of skin cancers such as cSCC. Our hypothesis proposed 
that NB-UVB exposure, in combination with DMBA, would 
exacerbate DNA damage and oxidative stress to initiate 
and promote skin carcinogenesis. Our findings support 
this hypothesis, as evidenced by the significant increase in 
CPD formation (Fig. 1A) and MDA levels (Fig. 1B) in the 
rat skin subjected to DMBA and NB-UVB exposure over 10 
weeks, compared to the control group and those treated 
solely with DMBA. NB-UVB possesses adequate energy 
to facilitate the formation of covalent bonds between 
adjacent pyrimidine bases (such as thymine or cytosine) 
within the DNA, resulting in CPD formation [25,26]. The 

Figure 1. The effect of NB-UVB exposure on CPD and MDA 
levels in rat skin. NB-UVB exposure increased CPD (A) and MDA 
(B) levels. CPD data were analyzed using the Kruskal–Wallis 
followed by Dunn’s test. MDA data were analyzed using ANOVA 
followed by Tukey’s as post hoc test (*p < 0.05, **p < 0.01, and 
***p < 0.001). 
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study by Carpenter et al. [27] and Toriyama et al. [28] 
found that NB-UVB exposure can elevate CPD formation 
in the human keratinocyte and BALB/cAnN skin mice, 
respectively [27,28]. Previous studies have also reported 
the carcinogenic potential of NB-UVB via CPD produc-
tion. For instance, Kunisada et al. [17] demonstrated that 
exposure to NB-UVB resulted in greater CPD formation 
and increased tumor formation in C57BL/6J mice, albino 
hairless, and genetically modified mice skin compared to 
BB-UVB exposure [17].

In addition to CPD, our study found significantly higher 
MDA levels in rat skin exposed to DMBA and NB-UVB for 
ten weeks compared to controls and DMBA alone (Fig. 1B). 
These may be due to UVB exposure increasing ROS [29,30] 
and depleting antioxidants in the skin [31–33]. When skin 
molecules absorb UVB photons, they trigger photochemical 

reactions that actively produce ROS [29,30]. Additionally, 
frequent UVB exposure can deplete the skin’s antioxidant 
system, exacerbating oxidative stress and leading to MDA 
formation as a marker of this process [34,35]. Our findings 
were in line with Carrara et al. [35], which showed that 
chronic UVB exposure increased MDA and disrupted the 
redox balance in the skin of hairless mice (HRS/J), as indi-
cated by decreased levels of GSH and catalase. The study 
also established a correlation between this redox imbal-
ance and the development of skin cancer.

The accumulation of DNA damage and oxidative stress 
leads to mutations in critical genes responsible for cell 
growth and proliferation, including tumor suppressor 
genes and oncogenes [26,36,s37]. UVB radiation can 
stimulate the production of growth factors, cytokines, 
and other signaling molecules that support the survival 

Figure 2. The effect of NB-UVB exposure on NFκB (A), TNF-α (B), IL-6 (C), IL-11 (D), IL-10 (E), and IL-12 (F) levels in rat 
skin. The data are presented as Mean ± SEM (ANOVA, Tukey’s, *p < 0.05, **p < 0.01, and ***p < 0.001).
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and proliferation of mutated cells. This promotion phase 
involves complex interactions between UV-induced sig-
naling pathways, inflammatory responses, and alterations 
in the microenvironment of the skin [38]. Moreover, UVB 
radiation-induced inflammation can elucidate the promo-
tion of carcinogenesis by generating ROS and activating 
pro-inflammatory pathways that further damage DNA and 
promote cell proliferation [12,38].

Our study found that NB-UVB exposure increases NFκB 
levels (Fig. 2A) and pro-inflammatory cytokines (TNF-α, 
IL-6, and IL-11) (Figs. 2B–D), which are crucial in promot-
ing skin carcinogenesis [12,39]. UVB rays primarily stimu-
late the skin to boost NFκB via ROS production. ROS alters 
inhibitor kappa-B (IκB), enabling NFκB to become active in 
the nucleus. Activation of NFκB extensively increases cyto-
kine release, leading to heightened inflammation and the 
release of cell growth factors crucial for promoting can-
cer formation [12,39]. Additionally, chronic UVB exposure 
causes DNA damage in skin cells, further activating path-
ways that increase NFκB activation. Moreover, chronic UVB 
exposure indirectly triggers NFκB by releasing cytokines 
and growth factors from damaged skin cells, increasing 

inflammation and promoting nearby skin cancer develop-
ment [12,39].

Exposure to UVB radiation also activates immune 
cells in the skin, such as dendritic cells and macrophages, 
thereby releasing various pro-inflammatory cytokines, 
including TNF-α [40], IL-6 [41], and IL-11 [12]. Pro-
inflammatory cytokine secretion after UVB exposure can 
also originate from activating keratinocytes, the dominant 
epidermal cells [42]. TNF-α, IL-6, and IL-11 play a criti-
cal role in promoting the development and progression 
of cSCC by creating an inflammatory environment that 
supports the growth and survival of cancer [12,39]. TNF-
α, particularly, has demonstrated the ability to stimulate 
keratinocyte proliferation, potentially contributing to cSCC 
development, while IL-6 and IL-11 can enhance cancer cell 
survival and migration, thereby bolstering cSCC growth 
[12,42].

Our study also found that IL-10 and IL-12 levels were 
affected by NB-UVB exposure in combination with DMBA 
(Figs. 2E and F). Elevated IL-10 levels potentially sup-
pressed the immune response [12]. UVB exposure boosts 
IL-10 production by activating skin immune cells such as 

Figure 3. Macroscopic evaluation of the dorsal skin of Wistar rats. (A–D) Representative macroscopic of 
non-DMBA and non-NB-UVB irradiated control group. (E–H) Representative macroscopic of DMBA group. 
(I–L) Representative macroscopic of DMBA and NB-UVB irradiated group. DMBA was applied in week 0 for 
DMBA and DMBA + NB-UVB group (photo was taken before topical DMBA was applied). DMBA + NB-UVB 
group started irradiated with NB-UVB on the first day of week 1.
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keratinocytes and dendritic cells. IL-10 serves as an anti-in-
flammatory cytokine, regulating immune responses and 
maintaining homeostasis. However, excessive IL-10 produc-
tion in response to chronic UVB exposure may suppress the 
immune system’s ability to recognize and eliminate cancer-
ous cells and promote cSCC development [12,39].

UVB exposure also impacts IL-12 expression in the 
skin. IL-12, chiefly generated by dendritic cells and macro-
phages, is essential in promoting Th1 immune responses 
and anti-tumor defenses [12,43]. UVB-induced DNA dam-
age and oxidative stress can stimulate the production of 
IL-12, leading to the activation of cytotoxic T cells and nat-
ural killer cells, which are crucial for anti-tumor immune 
responses. However, the regulatory role of IL-12 in cSCC 
development is complex, as excessive IL-12 production 
may also contribute to chronic inflammation and tissue 
damage, potentially promoting tumor progression [12,39]. 
Overall, those findings support our hypothesis that NB-UVB 
exposure can modulate the immune response in the skin, 
which might trigger the promotion of skin carcinogenesis.

Macroscopically, rats in the NB-UVB and DMBA groups 
showed erythema, thickening of the skin, desquamation, 
ulcers, and crust. Similar results were demonstrated by 
Korinfsky et al. [44], who used Wistar rats and investigated 
animal skin that had been exposed to UVB and DMBA three 
times a week for 10 weeks. At the end of 10 weeks, der-
matological lesions presented were erythema, desquama-
tion, keratosis, and ulcer [44]. Concurrently, 24-week UVB 
radiation showed significantly higher tumor number and 
epidermal thickness [45].

During the promotion stage of carcinogenesis, as the 
DNA synthesis and inflammation increase, histopatho-
logical examination showed hyperplastic epidermis [21]. 
This is in accordance with our findings. In our study, the 
DMBA + NB-UVB group showed hyperkeratosis, parakera-
tosis, acanthosis, atypical keratinocytes, inflammatory cell 
infiltration, and irregular basement membrane. NB-UVB 

irradiation induced chronic inflammation, which may rep-
resent the promotion stage of carcinogenesis; however, not 
all chronic inflammation indicates this stage of carcinogen-
esis. Tumor promotion is characterized by higher prolifer-
ation of epidermal cells and inflammation [46].

The histopathological picture, squamous cell carcinoma 
apart from atypical keratinocytes, was found to be circles of 
“horn pearl” parakeratosis, atypical mitotic keratinocytes 
with dense and large nuclei that were pleomorphic and 
hyperchromatic, dyskeratotic keratinocytes, and necrotic 
keratinocytes in the epidermis layer [47]. This picture was 
not found in our study. However, apart from the findings of 
atypical keratinocytes, hyperkeratosis, and parakeratosis, 
in our study, an irregular dermoepidermal junction layer 
was found; this could be an early sign of further damage in 
the form of protruding shoot growth from the epidermis 
to the dermis, which is commonly found in precancerous 
lesions [48]. Of course, this still needs to be further proven 
by adding a longer treatment duration.

Furthermore, two issues should be acknowledged in 
regard to the treatment of subjects and the methodology 
used to collect histopathology data. This study falls short of 
addressing samples treated with only NB-UVB. The effect 
of tumor initiation remains unanswered as to whether it is 
caused by DMBA or NB-UVB. It is recommended for further 
study to include both separated treatments for each sam-
ple group. Second, a disadvantage of this framework was 
its inability to collect histopathology data after the DMBA 
application. Future study is suggested to provide different 
groups/samples for each DMBA time point.

Conclusion

In conclusion, our study using a single dose of DMBA and 
10 weeks of NB-UVB exposure in nongenetically modi-
fied Wistar rats demonstrates that this method can trig-
ger changes indicative of the promotion phase of skin 

Figure 4. Histopathology examination of the dorsal skin of Wistar rats (H&E staining). (A) Histopathology of non-
DMBA and non-NB-UVB irradiated control group. (B) Histopathology of DMBA group. (C) Histopathology of DMBA and 
NB-UVB irradiated group. Histopathology examination was observed in week 11 with 40× magnification.
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carcinogenesis. This approach revealed significant DNA 
damage, oxidative stress, and inflammation, accompa-
nied by macroscopic and histological alterations consis-
tent with early skin cancer development. This exposure 
increased CPD and MDA levels, indicating heightened DNA 
damage and oxidative stress, elevated pro-inflammatory 
cytokines (TNF-α, IL-6, and IL-11), and altered levels of 
regulatory cytokines (IL-10 and IL-12), highlighting the 
role of inflammation and immune modulation in tumor 
promotion. These molecular alterations were accompa-
nied by macroscopic (erythema, skin thickening, desqua-
mation, ulceration, and crusting) and histological changes 
(hyperkeratosis, epidermal thickening, and atypical kera-
tinocytes), further indicating progression toward skin 
cancer promotion. However, this model mainly captures 
changes leading to the promotion phase and does not fully 
represent the entire carcinogenesis process. To thoroughly 
understand skin carcinogenesis, prolonged NB-UVB expo-
sure is necessary. Future studies should extend the expo-
sure period and include the additional control groups to 
gain clearer understanding of tumor progression and facil-
itate the development of effective preventive and thera-
peutic strategies against UVB-induced skin cancer.
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