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As a principal component of solar radiation, ultraviolet B (UVB) exposure can be harmful depending on the duration and intensity 
because the human body can easily be exposed to it. Many studies have demonstrated that UVB causes a series of inflammatory 
and other skin disorders. UVB has been classified as the Group 1 carcinogen by the International Agency for Research on Cancer. 
Diverse studies have focused on UVB exposure but the complex perspective of acute and chronic UVB exposure is still lacking. 
This review presents the differences between acute and chronic exposure to UVB and summarizes public information in terms of 
toxicogenomic characteristics. We also demonstrated the differences between adverse effects of acute and chronic UVB exposure 
on the skin system. From the published literatures, we compared the biological pathways predict of the adverse effects caused 
by each UVB exposure type. Furthermore, our review not only clarifies the differences in each UVB exposure network but also 
suggests major hub genes related to cellular mechanisms and diseases that are thought to be affected by acute and chronic UVB 
exposure.
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INTRODUCTION

Ultraviolet radiation (UVR) can be the most dangerous part 
of sunlight; it can cause many diseases including cancer and 
inflammation [1,2]. UVR can have highly accessible special 
features for humans under occupational exposure or daily 
exposure [1]. The International Agency for Research on Can-
cer classified solar UVR as the Group 1 carcinogen [3]. Most 
people are continuously exposed to UVR in their lives [4,5]. 
Therefore, UVR exposure is a considerable and inseparable 
factor in human life and health care [6].
 The UVR spectrum in the solar light comprises about 5% of 
UVB (280–315 nm) and 95% of UVA (315–400 nm), includ-
ing very low amount of UVC (100–280 nm) [7]. Even though 
UVA has a larger portion than UVB, UVB has more powerful 
potency in the aspect of action spectroscopy because of its 
unique short wavelength [8]. As an alternative to exposure 
to solar light, the devices for disinfection or other purposes 
using UVR become popular [9] and can also be a risk factor. 

Though UVB has some positive effects and contributes to 
vitamin D synthesis, its danger and adverse effects are con-
sidered one of the health issues.
 The skin is the first barrier of our bodies that protects 
against a multitude of external pathogens and environmental 
insults including UVB [10,11]. For this reason, most studies 
investigating UVB exposure have mainly focused on the skin 
systems [12]. Some studies also demonstrated the biological 
association between UVB-damaged skin and other organs. 
UVB cannot deeply penetrate the skin because of the pres-
ence of barriers such as epidermal melanin [13]. Therefore, 
understanding the biological pathways and defense mech-
anisms in the skin can help discover the significant factors 
contributing to the prevention and treatment of disorders 
caused by UVB exposure.
 This review focuses on the differences between acute and 
chronic exposure to UVB in terms of the toxicogenomic and 
biological pathways. The text-mining and analyzing software 
based on scientific literature were performed to summarize 

http://crossmark.crossref.org/dialog/?doi=10.15430/JCP.2022.27.4.199&domain=pdf&date_stamp=2022-12-30


200 J Cancer Prev 27(4):199-207, December 30, 2022

Han et al. 

and visualize the relationship in each biological pathway 
network associated with the skin exposed to acute or chron-
ic UVB exposure. The different features of each network 
presented unique adverse effects of acute and chronic UVB 
exposure, separately, and the corresponding biological path-
ways with the comparative details.

ABRIDGED DEFINITION OF UVB  
EXPOSURE PERIOD

Before and after the World Health Organization (WHO) 
warned about UVB exposure to humans, studies have ex-
plored UVB exposure in various ways [1,14,15]. UVB expo-
sure is divided into several exposure types, namely, acute, 
sub-acute, and chronic exposure. According to the United 
States Environmental Protection Agency terminology, acute 
exposure is described as one-time exposure or exposure to 
any toxicant within 24 hours. Chronic exposure means an 
adverse effect in which continuous or intermittent exposure to 
low doses of radiation over a long period of time. A delay be-
tween exposure and any potential health effect often occurs. 
There are intermittent statuses between acute and chronic 
exposures. However, the standard of UVB exposure types 
is ambiguous to compare certain differences between acute 
and chronic UVB exposure [16].
 According to the UV index (UVI) provided by the WHO, UVI 
7 refers to a high-risk exposure level [1,17]. When converted 
to the Minimal Erythema Dose (MED) used to measure UVR 
levels in studies, UVI 7 is approximately 1 MED condition in 
30 minutes of exposure in the case of people who have un-
tanned skin [18,19]. Chronic UVB exposure continuously 
occurs in not only occupational places but also daily life. In 
the case of acute exposure, UVI can exceed the level 10, fol-
lowing accepted damage by UV in summertime.
 Previous studies provided evidence supporting the im-
portance of simultaneously considering acute and chronic 
exposure types in investigating their adverse effects [20,21]. 
Defining and simplifying each exposure type can be helpful 
to human health care from the biological perspective. Diverse 
studies have also explored acute and chronic exposure to 
determine their effects and pathways [22,23]. However, since 
acute and chronic UVB exposure can affect human health 
care, simultaneous analysis of both types of exposure can be 
a reasonable and effective method to precisely assess the 
consequences of solar exposure. To compare the adverse 
effects of UVB exposure, we limited the exposure types to 
acute and chronic UVB exposure because both cases easily 
occur in occupational and daily life situations.

ADVERSE PATHOGENIC EFFECTS OF UVB 
EXPOSURE

Pathogenic mechanisms underlying UVB-induced the skin 
damage involve not only photocarcinogenesis effects but 

also other skin disorders including inflammation [24,25]. In 
vivo and in vitro studies have revealed diverse mechanisms 
[26,27]. However, few studies have been performed to an-
alyze acute and chronic exposure together and compare 
between their effects even though both effects and exposure 
types are occurring simultaneously.
 Young [28] summarized the acute effects of UVB in the 
skin and eyes. The main adverse effects of UVB exposure on 
the skin physiology are represented by inflammation, physical 
damage, and DNA break. In addition, association between 
cellular responses to UVB and pathogenesis of diseases has 
been analyzed by using in the Comparative Toxicogenomics 
Database [29]. Relationships comorbid with inflammation 
were found to have seven types, and those related to can-
cer have two types in the database. These traits represent 
the types of inflammation that most likely causes a more 
dominant effect of acute UVB exposure than other adverse 
effects.
 The dose of daily UVB exposure is different from that of 
acute UVB exposure [26]. Therefore, when studies establish 
a daily UVB exposure condition, low-dose chronic UVB expo-
sure is mainly considered. Even though the exposure dose 
is low, emerging skin diseases caused by chronic UVB ex-
posure have some similarities to acute exposure. Omer et al. 
[30] demonstrated that the chronic low-dose UVB exposure is 
related to acute and chronic inflammation mediated through 
cytokine and immune pathways. However, Grivennikov et 
al. [31] described the effects of inflammation and immune 
response on cancer. Comprehensively, chronic inflammation 
caused by chronic low-dose UVB exposure can promote 
photocarcinogenesis. In the carcinogenic aspect of  DNA 
damage, several studies have proven that UVB can break 
down DNA via several pathways even at a low dose. The 
remaining and continuous DNA damages by UVB exposure 
finally cause carcinogenesis in the skin [32,33]. Therefore, 
chronic UVB exposure is considered a highly carcinogenic 
factor associated with inflammation and DNA damage.
 In this review, we utilized a biological network-based ap-
proach to compare the similarities and differences between 
the adverse effects of acute and chronic UVB exposure by 
using transcriptomic data derived from scientific literatures. 
Through the predicted biological networks, we reviewed the 
toxicogenomic pathways related to acute and chronic UVB 
exposure on the skin. Because two types of UVB exposure 
represent different interpretation networks such comparative 
studies can provide conducive information and predictions of 
their adverse effects, including photocarcinogenesis.

ACUTE AND CHRONIC UVB EXPOSURE-DE-
PENDENT EXPRESSION ANALYSIS

The expression data of acute and chronic UVB exposure 
have been described. However, relevant interactions among 
biomolecules and the biological networks involving genomic 
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dataset based on scientific literatures have not been clearly 
defined. This approach allows elucidating the conception of 
delineating numerous cellular processes and diseases to 
UVB exposure related genes.
 We applied data sets of UVB exposure from the experi-
mental conditions of the two GEO datasets: GSE45493 as 
acute UVB exposure and GSE56754 as chronic UVB expo-

sure [34,35]. We deployed five control groups and five of 1 
MED UVB-exposed groups under acute UVB exposure, and 
seven control groups and seven of 0.5 MED UVB-exposed 
groups under chronic UVB exposure after same 24 hours for 
reaction period in GEO2R. GEO2R is facilitated to compare 
the groups of samples to identify differentially expressed 
genes (DEGs) under different experimental conditions [36].
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Figure 1. Summarized cell processes from the DEGs. This Summarization was performed using R software (version 4.2.1). (A) Summarized cell 
processes of acute UVB exposure-related upregulated genes and (B) downregulated genes were used to understand which processes were affect-
ed. Similar to the pattern in acute UVB exposure, (C) Summarized cell processes of the chronic UVB exposure-related upregulated genes and (D) 
downregulated genes. These analyses represent the GO terms related to the DEGs. UVB, ultraviolet B; GO, Gene Oncology; DEGs, differentially 
expressed genes.
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 A volcano plot was drawn to represent the up-regulated 
and down-regulated genes under acute UVB exposure and 
chronic UVB exposure to determine the probabilistic signif-
icance [37]. Uniform manifold approximation and projection 
computed that the UVB exposure samples were distinct from 
the control samples generally for selection [38]. Heatmap 
research analysis was enforced to illustrate the differences 
between expression data of DEGs under acute and chronic 
UVB exposure. The DEGs were identified for the two UVB 
exposure groups and compared with each corresponding 
control group.
 A total of 500 genes were expressed under acute UVB 
exposure (390 downregulated genes and 190 upregulated 
genes), while 134 genes were expressed under chronic UVB 
exposure (62 downregulated genes and 70 upregulated 
genes). The defined genes were compared using a Venn 
diagram to exclude overlapping genes and to present the 
differences. Therefore, 465 genes associated with acute UVB 
exposure and 99 genes related to chronic UVB exposure 
were deployed to compare the biological network related to 
the skin.

GENE ONCOLOGY (GO) TERM ANALYSIS 
OF THE BIOLOGICAL PATHWAY  
COMPONENTS FROM THE UVB  
EXPOSURE NETWORKS

Pathway Studio web version 12.5.0.2 (Elsevier, Amsterdam, 
Netherlands) in tandem with R software version 4.2.1 (https://
www.r-project.org/) was performed to identify cell processes 
and genes related to the skin cancer and order disorders. Lit-
erature-based software were employed to perform and visu-
alize biological pathway networks related to UVB exposures 
[39,40]. Pathway Studio administers text-mining modules that 
contain the curated database that is used to search for the 
information about interactions between bio-factors.
 Fifty-one and 18 genes were deployed in the acute and 
chronic UVB exposure networks, respectively based on the 
curated references. R software was applied to analyze cell 
processes involving DEGs. Data were clustered using the 
clusterProfiler package version 4.4.0 (https://bioconductor.
org/packages/release/bioc/html/clusterProfiler.html), and 
visualized with the cowplot package in ggplot2 version 1.1.1 
(https://cran.r-project.org/web/packages/cowplot/index.html) 
[41]. Data presenting DEGs-related cell processes were 
obtained to determine which DEGs respond in biological 
processes for UVB exposure. We subjected each exposure 
group’s DEGs to GO term analysis with up-regulated and 
down-regulated groups (Fig. 1).
 GO term analysis was utilized to associate each DEGs 
with biological pathways, cellular components, and molecular 
functions [42]. Intermediate filament organization, intermedi-
ate filament cytoskeleton organization, and intermediate fila-
ment-based processes were presented as upregulated GO 

terms in acute UVB exposure (Fig. 1A). The cytokine-mediat-
ed signaling pathway, cell chemotaxis, and positive regulation 
of cytokine production were presented as downregulated GO 
terms in acute UVB exposure (Fig. 1B). The GO term results 
on acute UVB exposure were inserted into Pathway Studio 
based on the Pathway Studio databases.
 In the chronic UVB exposure, molting cycle, hair cycle, and 
epidermis development were presented as upregulated GO 
terms (Fig. 1C), and response to peptide hormone, response 
to peptide, and regulation of hormone levels are presented 
as downregulated GO terms (Fig. 1D). The GO term results 
on chronic UVB exposure were inserted into Pathway Studio 
based on the Pathway Studio databases to increase the ac-
curacy of the data.

DISEASES RELATED TO UVB  
EXPOSURE-DEPENDENT DEGs

We focused on the two types of diseases, namely, inflamma-
tory diseases and cancer that mainly affect the skin under 
UVB exposure. The number of symptoms under these two 
types of disorder can help us understand the differences 
between two types of UVB exposure. The relationships of 
23 diseases to the corresponding DEGs by acute UVB ex-
posure were defined. In acute UVB exposure, ‘psoriasis,’ 
‘dermatitis,’ and ‘atopic dermatitis’ had a higher degree of 
related gene connection. These diseases are associated with 
the adverse inflammatory effects of UVB exposure. DEGs 
related to diseases can help demonstrate genotoxicity and 
biological pathways affected by UVB exposure. Interleukin-6 
(IL-6), C-X-C motif chemokine ligand 10 (CXCL-10), and 
matrix metalloproteinase-9 (MMP-9) occupy many propor-
tions among disease-related DEGs. Acute UVB exposure 
had more inflammatory diseases including ‘allergic contact 
dermatitis,’ ‘dermatomyositis,’ and ‘contact dermatitis’ than 
cancer-associated abnormalities.
 The relationships of 15 diseases and the DEGs related to 
chronic UVB exposure were identified. Similar to acute UVB 
exposure, chronic UVB exposure was associated with ‘psori-
asis’, ‘dermatitis,’ and ‘atopic dermatitis’ with a higher degree 
of related gene connection. However, several differences 
were observed in disease components except these three 
abnormalities. ‘Cutaneous neoplasm,’ ‘epithelial cancer,’ and 
‘intraepithelial neoplasia’ known as Carcinomic disorders oc-
cupy more proportions in the chronic UVB exposure disease 
group [43]. In genomic aspects, prostaglandin endoperoxide 
synthase 2 (PTGS2) is remarkably associated with chronic 
UVB exposure compared with that of acute UVB exposure. 
Considering these relations, chronic UVB exposure could 
have both risks of cancerous as well as inflammatory diseas-
es with a higher risk than acute UVB exposure.
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BIOLOGICAL NETWORK INTERPRETATION 
OF ACUTE AND CHRONIC EXPOSURE

We presented biological networks among the DEGs, dis-
eases and clustered cell processes based on the curated 
references. The biological network of acute UVB exposure 
in terms of the skin system had 51 diseases and 10 curated 
cell processes related to acute UVB exposure (Fig. 2A). The 
biological network associated with chronic UVB exposure 
had 18 related genes and 10 curated cell processes in the 
alteration of the skin system (Fig. 2B).
 In the acute UVB exposure network, ‘dermatitis,’ ‘psori-
asis,’ and ‘photoaging’ were the main diseases that could 
mainly occur as a consequence of inflammation. The case of 
carcinomic diseases that include ‘cutaneous neoplasm,’ and 
‘metastatic melanoma’ also had several relations in biological 
network affected by acute UVB exposure [44]. However, the 

main cellular processes in the acute UVB exposure network 
that contained ‘chemotaxis,’ ‘leukocyte migration,’ ‘neutrophil 
migration,’ and ‘cytokine-mediated signaling pathway’ were 
related to inflammation [45,46]. Therefore, inflammation 
mainly occurred under acute UVB exposure.
 Parallel to acute UVB exposure, chronic UVB exposure 
had ‘psoriasis’ and kinds of ‘dermatitis’ as the main compo-
nents. However, from the perspective of cancer, significant 
differences in proportion and association between compo-
nents were observed. Cell processes including ‘adipocyte dif-
ferentiation,’ ‘gluconeogenesis,’ and ‘aging’ were detected in 
the chronic UVB exposure network. Although the cell process 
including ‘adipocyte differentiation’ and ‘gluconeogenesis’ 
are well known as causing type 2 diabetes (T2D), cancerous 
diseases account for a large proportion of the chronic UVB 
exposure network; recent studies discovered the correlation 
of T2D and cancer [47]. ‘Aging’ is the most powerful factor 

Figure 2. Potential biological signaling networks related to UVB exposure. Cell processes and diseases were selected in terms of the associa-
tion with the skin. (A) The acute UVB exposure signaling pathways of differentially expressed genes, cell processes, and diseases. (B) The chronic 
UVB exposure signaling pathways of DEGs, cell processes, and diseases. Large entities are predicted as major genes in the network based on con-
nectivity and betweenness centrality with other genes. UVB, ultraviolet B; IL-6, interleukin-6; MMP9, matrix metalloproteinase-9; CXCL-10, C-X-C mo-
tif chemokine ligand 10; ADIPOQ, Adiponectin, complement component 1q and collagen domain containing; LEP, leptin; PTGS2, prostaglandin-en-
doperoxide synthase 2; ATF3, activating transcription factor 3.
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that accompanies several DNA mutation and carcinogenesis 
[48]. Therefore, cancer has major disease types in the chron-
ic UVB exposure network in the skin.

POTENTIAL HUB BIOLOGICAL NETWORK 
ANALYSIS

UVB exposure networks should be simplified to predict the 
adverse effects based on the hub genes. Hub genes were 
selected according to our own principle of the degree and be-
tweenness centrality among genes only to eliminate the side 
effects derived from other factors such as cellular process-
es and diseases in the networks. Cytoscape version 3.9.1 
(https://cytoscape.org/) was utilized to analyze each DEG 
through bioinformatics [49].
 The selected hub genes under acute UVB exposure are 
those encoding IL-6, CXCL-10, and MMP-9 (Fig. 3A). IL-6 is 
involved in proinflammatory and oncogenic signaling [50,51]. 

CXCL-10 is involved in apoptosis, cell growth, and angiogen-
esis [52,53]. MMP-9 plays a role in metastasis, disassembly 
of extracellular components, and photoaging [54,55]. We 
deduced the relationships between hub genes involved in 
not only cancer but also various skin disorders. Based on the 
connection with hub genes, cellular processes and diseases 
were also linked in the hub network of acute UVB exposure. 
‘Leukocyte migration,’ ‘cytokine-mediated signaling,’ and 
‘neutrophil movement’ were presented as inflammation and 
immunity that occur in the UVB-exposed skin [56,57]. The 
predicted diseases that occurred with inflammation and im-
munity were ‘dermatitis,’ ‘blister,’ and ‘psoriasis’ under acute 
UVB exposure [58] (Fig. 3A). Although inflammation mainly 
occurs in acute UVB exposure, cancer could also be a se-
rious risk factor. Numerous studies have demonstrated that 
continuous inflammation can promote carcinogenesis [59,60]. 
Therefore, inflammatory diseases as well as cancer would be 
the main risk factors in response to acute UVB exposure.
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 Adiponectin, Cyclooxygenase/prostaglandin endoperoxide 
synthase 1 and collagen domain containing (ADIPOQ), leptin 
(LEP), PTGS2, and activating transcription factor 3 (ATF3) 
were identified by hub genes in the case of the chronic UVB 
exposure network (Fig. 3B). ADIPOQ presents adiponectin, 
which is a regulator of lipid and glucose metabolism in skin 
homeostasis [47,61]. LEP affects endocrine metabolism and 
several skin diseases such as ‘psoriasis’ and ‘skin cancer’ 
[62]. ATF3 is involved in oncogenesis, immunity, and T2D 
metabolism [63,64]. PTGS2 regulates inflammation, thrombo-
sis, and pain. PTGS2 also participates in the development of 
cancer and Alzheimer’s disease [65,66]. Compared to acute 
UVB exposure, the major cellular processes were different, 
whereas the diseases had similarity under chronic UVB ex-
posure. ‘Adipocyte differentiation’ and ‘aging’ were indicated 
to be the main cell processes in the chronic UVB exposure 
network, indicating that the potential threat of cancer in cir-
cumstance of chronic UVB exposure increases faster than 
acute UVB exposure dose [67,68]. Even though ‘dermatitis,’ 
‘psoriasis,’ and ‘cutaneous neoplasm’ were considerable 
diseases in both networks, the portion of cancerous diseas-
es, the relationships between inflammation and cancer, and 
cellular processes indicate that chronic UVB exposure is a 
leading carcinogenic risk factor.

CONCLUSION

In this review, we compared the biological features between 
the acute and chronic exposure types of UVB. We analyzed 
and visualized the association between acute and chronic 
UVB exposure to understand the biological networks in both 
pathways from public databases. Our prediction with litera-
ture- and data-based platforms summarizes the differential 
genomic profiles induced by acute and chronic UVB expo-
sure and suggests the hub genes of each network. Although 
further studies should be required to validate hub genes and 
pathways, our data presented here could help clarify relation-
ship between two UVB exposure types and provide the evi-
dence for a screening outline to analyze a genomic network 
for human health care including cancer and other disorders.
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