
 Global Journal of Dermatology & Venereology, 2014, 2, 4-12 4 

 
 E-ISSN: 2310-998X/14  © 2014 Synergy Publishers 

Mitochondrial Dysfunction and Tissue Alterations of Ultraviolet-
Irradiated Skin in Five Different Mice Strains 

Adrián Friedrich, Mariela Paz, Eliana Cela, Juliana Leoni and Daniel Gonzalez Maglio* 

Instituto de Estudios de la Inmunidad Humoral (IDEHU – CONICET)/Cátedra de Inmunología, Facultad de 
Farmacia y Bioquímica, Universidad de Buenos Aires, Junín 956 4

th
 floor (1113), Buenos Aires, Argentina 

Abstract: Ultraviolet radiation (UVR) effects on skin have been extensively studied. Several mice strains have been 
used worldwide in photobiology and photoimmunology studies. Recently, we have developed a method based on flow 

cytometry in order to analyze mitochondrial dysfunction and superoxide (O2
•-
) production ex vivo in keratinocytes isolated 

from irradiated-mice. This method can be helpful to evaluate mitochondrial alterations in different mice models. 

In this work, we aimed to compare epidermal response to UVR in five mice strains, both pigmented and albino as well as 

hairy and hairless strains (SKH:1, Balb/c, C57/BL, DBA/2N and Swiss). Keratinocytes mitochondrial alterations, 
epidermal hyperplasia and inflammatory mediators’ production (epidermis and serum) were determined 72 hours after a 
400 mJ/cm

2
 UV dose. 

All strains showed epidermal hyperplasia and loss of mitochondrial polarization after irradiation, differing in the 
magnitude of the response. However, there were significant differences in the basal mitochondrial polarization between 
strains, showing that the metabolic state of keratinocytes may vary between them. Moreover, mitochondrial O2

•-
 

production was induced in SKH:1 and Balb/c after irradiation, whereas in DBA/2N, Swiss and C57/BL it was at the same 
level or even lower than in the non-irradiated control. Finally, an increase in inflammatory mediators was only detected in 
the serum of C57/BL and Swiss mice and in the epidermis of DBA/2N and C57/BL. 

Results show that each mice strain has particular characteristics related to cellular metabolism, which may lead to 
particular responses to UVR exposure. Therefore, the use of a particular mice strain in photobiology models should be 
carefully considered. 
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INTRODUCTION 

Ultraviolet radiation (UVr) included in sunlight is one 

of the most important environmental carcinogens. It 

includes UVA (320-400 nm), UVB (280-320 nm) and 

UVC (below 280 nm) radiations, the latter completely 

blocked by stratospheric ozone. UVr has plenty of 

effects on exposed cells, from molecular modifications 

(such as urocanic acid isomerization) to organelles’ 

and cellular alterations (mitochondrial depolarization 

and apoptotic cell death) [1-4]. The most exposed 

organ to UVr is the skin, and particularly the epithelia of 

the skin: the epidermis, composed by keratinocytes (up 

to 95% of the total cells), melanocytes, Langerhans 

cells and T lymphocytes. Acute exposure of 

keratinocytes to UVr leads to inflammation, epidermal 

thinning with an ulterior hyperplasia, mitochondrial 

depolarization, reactive oxygen and nitrogen species 

production and apoptotic cell death (due to DNA 

damage) through p53 activation, Bax/Bcl-2 balance 

alteration and mitochondrial release of cytochrome c 

[5-8]. Chronic exposure may lead to failures in the 

elimination of altered cells and continuous production  
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of mediators that promote keratinocytes’ proliferation, 

such as Prostaglandin E2. Both events can ultimately 

generate keratinocytes-derived tumors, such as 

Squamous Cell Carcinoma and Basal Cell Carcinoma 

[9, 10]. 

As it was mentioned, mitochondrial alterations and 

inflammatory skin response are important UVr-induced 

effects. In our laboratory we have studied mitochondrial 

damage in epidermis-isolated mitochondria (in vivo 

model), in keratinocytes’ culture (in vitro model) and, 

recently, in freshly epidermis-isolated cells (ex vivo 

model) [5, 6, 11]. In vitro and ex vivo models were 

developed using fluorescent probes to assess 

mitochondrial polarization (DiOC6) and mitochondrial 

superoxide anion (O2
•-
) production (MitoSOX or 

dihydroethidium) by flow cytometry. The ex vivo model 

is particularly useful since mice are exposed to UVr 

(allowing in vivo tissular and cellular interactions) and 

after the adequate time, epidermal cells are isolated 

and immediately analyzed. Outer mitochondrial 

membrane polarization reflects the metabolic capacity 

of cell populations. Regarding the inflammatory 

response, there are key cytokines produced by 

keratinocytes after UVr. Among them, TNF-  and IL-6 

are characteristic pro-inflammatory cytokines that are 

increased not only in epidermis, but also in the sera of 

exposed animals [12, 13]. 
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In humans, UVr effects on skin greatly depend on 

the skin type of the exposed individual. According to 

the pigmentation level of the skin, human beings are 

more or less susceptible to sunburn and photodamage 

[14]. However, even the darker phototypes suffer skin 

malignancies related to UVr exposure [15]. In spite of 

this fact, the pigmentation of mice strains is not usually 

considered in animal models. Photodamage has been 

evaluated both in pigmented (i.e. C57 or DBA) and 

albino (i.e. Balb/c or SKH:1) mice strain models, 

without an exhaustive comparison between mice 

strains responses. Recently, Sharma et al. published a 

comparative study on the skin response to UVr in C57, 

Balb/c and SKH:1 mice [16]. They demonstrated 

different responses between mice strain in the 

transcription of TNF-  and dermal collagen content, but 

no differences in epidermal hyperplasia and epidermal 

and dermal glycosaminoglycans and hialuronic acid 

contents. Previously, Noonan and Hoffman described 

three phenotypes with different susceptibilities to UVr-

induced immunosuppression: highly susceptible mice 

(C57/B strain among them), lowly susceptible mice 

(Balb/c among others) and intermediately susceptible 

(DBA among them) [17]. 

The aim of this study was to compare epidermal 

alterations (epidermal hyperplasia, mitochondrial 

polarization and mitochondrial O2
•-
 production) and 

inflammatory response (TNF-  and IL-6 in epidermis 

and serum) of five mice strains (SKH:1, C57/BL, Swiss, 

Balb/c and DBA/2N) 72 hours after the exposure to 400 

mJ/cm
2
 of UVr. We found that keratinocytes’ metabolic 

basal state (mitochondrial polarization in control mice) 

differs between mice strains, being SKH:1 and Balb/c 

the most and DBA/2N the less active ones. Moreover, 

SKH:1 and Balb/c were also the strains with the 

greatest increase in mitochondrial O2
•-
 production. 

Finally, and agreeing with the results from Sharma et 

al., C57/BL was the strain with the strongest 

inflammatory response after UVr exposure. These 

results reinforce the idea of reviewing the mice model 

to be used for photodamage evaluation. 

MATERIALS AND METHODS 

Animal Models and UV Irradiation 

SKH:1 hairless mice were purchased from Charles 

River Laboratories and reproduced in our facilities. 

C57/BL, Balb/c and DBA/2N mice were purchased from 

Comisión Nacional de Energía Atómica – Centro 

Atómico Ezeiza. Swiss mice were purchased from 

Universidad de Buenos Aires - Facultad de Farmacia y 

Bioquímica. All animals were housed in quarters with 

12/12 h light/dark cycle and maintained with water and 

food ad libitum. Three days prior to the irradiation 

procedure, hair from the back of all mice was 

completely removed using an electrical clipper and 

commercial depilatory cream. SKH:1 hairless mice 

were also treated with depilatory cream in order to 

produce comparable results. 

Female 8 weeks old mice were irradiated on their 

back with UV light using an 8W UVM-28 Mid-Range 

Wave (302 nm) lamp from Ultraviolet Products (UVP, 

Upland, CA, USA), which emits most of its energy 

within the UVB range (emission spectrum 280-370 nm) 

peaking at 302 nm and including a 20-30% amount of 

UVA. The lamp was calibrated with a UVX radiometer 

(UVP), and its power was determined as 1.1 

mWatt/cm
2
. Mice were exposed 6 min and 4 sec to 

generate a dose of 400 mJ/cm
2
 of UV. Seventy two 

hours after irradiation mice were bled by submaxillary 

puncture [18] and sacrificed using a CO2 gas chamber. 

Two 8 mm diameter skin samples were taken from the 

back of each mouse, one for flow cytometry analysis 

and the other one for histological analysis. Total dorsal 

skin was separated in order to obtain tissue extracts. 

For all mice strains used a non-irradiated control group 

was included, treated in the same fashion that the 

irradiated one. For all the experiments the number of 

animals per group was five. 

Animals were used in compliance with the research 

animal use guidelines and with the EC Directive 

86/609/EEC [19].  

Histological Analysis 

Skin samples for histological analysis were fixed 

with 4% neutral formalin and embedded in white 

paraffin. Five μm paraffin sections were prepared and 

stained with hematoxylin and eosin. Three independent 

measurements of epidermal thickness were performed 

in 2 different slides per mice. The observation and 

photography were performed using an Olympus BX-51 

microscope (Olympus, Center Valley, PA, USA) with a 

Q-color 3 Olympus digital camera. Epidermal thickness 

was measured with Image Pro 5.1.0.2 for Windows 

(Media Cybernetics, Bethesda, MD, USA). 

Mitochondrial Alterations Analysis 

Skin samples obtained from each mouse were 

incubated with Dispase 25 mg/ml (Invitrogen, Carlsbad, 

CA, USA) in phosphate saline buffer (PBS) for 2 h at 



6     Global Journal of Dermatology & Venereology, 2014, Vol. 2, No. 1 Friedrich et al. 

37°C. Next, the epidermis was separated from the 

dermis and mechanically disrupted with a tissue 

homogenizer (Thomas Scientific, New Jersey, NJ, 

USA) in 1 ml of PBS supplemented with 10% of fetal 

bovine serum to obtain an epidermal cell suspension 

which was filtrated through a 50 m nylon mesh. Cells 

were stained with DiOC6 30 nm (Sigma-Aldrich, St. 

Louis, MO, USA) and MitoSOX Red 5 m (Molecular 

Probes, Invitrogen). Data were acquired on a PAS III 

PARTEC flow cytometer (Partec, Görlitz, Germany) 

and analyzed using Cyflogic software (CyFlo Ltd., 

Turku, Finland). 

Epidermal Homogenate Preparation and Cytokines 
Quantification 

Epidermal homogenates were prepared by 

immersing whole dorsal skin in a 60°C water bath 

during 30 sec, then the epidermis was scraped from 

the dermis using a blade. Each epidermis was 

homogenized individually in 1 ml of PBS, with 0.5 

mg/ml EDTA and 0.174 g/ml PMSF (Sigma Chemical 

Co.) using a tissue homogenizer (Bio-Gen PRO200, 

Pro Scientific), then centrifuged at 4°C for 15 min at 

10,000 xg. Afterwards, supernatant was isolated and 

total protein concentration was measured using the 

BCA Protein Assay Reagent kit (BCA, Pierce 

Biotechnology, Rockford, IL, USA). Finally, the 

epidermal extracts were stored at -70°C until cytokine 

quantification. Mouse TNF-  and IL-6 in epidermal 

extracts and serum samples were quantified using non-

competitive ELISA assays (BD Biosciences, San José, 

CA, USA). Values were expressed as pg/ml for serum 

samples and as pg/mg of protein in the case of 

epidermal extracts. 

Statistical Analysis 

All values are presented as the mean ± SD. For 

control vs. irradiated group comparison, the statistical 

significance was evaluated using Student t-test (if data 

fulfilled normality and homoscedasticity) or Mann-

Witney test (if data did not fulfill normality and/or 

homoscedasticity). For multiple groups comparison, 

statistical significance was evaluated by a parametric 

one way analysis of variance (ANOVA) with a Student-

Newman-Keuls post-test (if data fulfilled normality and 

homoscedasticity) or a nonparametric ANOVA with a 

Dunn post-test (if data did not fulfill normality and/or 

homoscedasticity). Graphical and statistical analyses 

were performed with GraphPad Prism 5.0 (GraphPad 

software, La Jolla, CA, USA), and GraphPad Instat 2.0 

(GraphPad software) respectively.  

RESULTS 

Results from epidermal cellular characteristics 

(epidermal thickness, DiOC6
+
 cells, MitoSOX

 +
 cells and 

double positive cells) studied in control animals of the 

five mice strains are summarized in Table 1. For each 

characteristic, individual and extended illustrations are 

described hereafter. 

Epidermal Thickness 

Figure 1 shows one representative photomicrograph 

of an H&E stained skin sample of one control and one 

irradiated mouse of each mice strain. Quantification of 

epidermal thickness, performed in five samples per 

group, is shown in a bar graph beside the 

microphotographs. All mice strains responded with a 

remarkable keratinocyte proliferation 72 hs after 

irradiation. Epidermal hyperplasia was statistically 

greater in all irradiated groups, compared to the 

corresponding control groups. Basal epidermal 

thickness (control groups) ranged between 14.0 m 

(Balb/c) and 23.3 m (DBA/2N), without statistically 

significant differences among them (Table 1). 

Mitochondrial Polarization 

Figure 2 shows representative histograms of total 

epidermal cells’ green fluorescence (DiOC6 probe) of 

one control and one irradiated mouse of each mice 

Table 1: Summary of epidermal characteristics in control mice of the five strains studied. Data were analyzed using a 
parametric (*) or a non-parametric (#) ANOVA, according to the fulfillment of normality and homoscedasticity. 
Different letters indicate statistically significant differences between groups; while same letters indicate no 
significant differences (p<0.05; n=5) 

 SKH:1 C57/BL Swiss Balb/c DBA/2N 

Epidermal Thickness ( m) 
#
 22.9±6.5

 a
 14.9±5.2

 a
 15.3±4.9

 a
 14.0±1.9

 a
 23.3±5.5

 a
 

DiOC6
+
 cells (%) 

*
 66.4±9.4

 c
 48.3±2.8

 b
 50.5±8.6

 b
 78.4±6.6

 d
 33.8±9.4

 a
 

MitoSOX
+
 cells (%) 

*
 19.5±8.0

 a
 35.7±15.5

 b
 32.6±6.8

 b
 11.7±3.7

 a
 51.1±5.7

 c
 

MitoSOX
+ 
DiOC6

+
 cells (%) 

#
 3.3±3.1

 a
 9.2±3.8

 a
 6.2±2.3

 a
 2.7±1.4

 a
 5.7±0.8

 a
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strain. Histogram marker used for quantification of 

DiOC6
+
 cells is also shown. The percentage of cells 

bearing polarized mitochondria after irradiation was 

significantly decreased in all mice strains. However, 

while some irradiated mice strains like SKH:1, C57/BL 

and DBA/2N reached very low percentages of this kind 

of cells (12.0, 7.5 and 6.0, respectively),in UV-exposed 

Balb/c mice the values decreased just to a 39.5% of 

these metabolically active cells. DiOC6
+
 cell percentage 

ranged between 33.8% (DBA/2N) and 78.4% (Balb/c) 

in unirradiated control mice. Balb/c control mice 

showed the highest levels of metabolically active cells 

followed by SKH:1, which also had high levels of these 

cells. On the other hand, less than a half of total 

epidermal cells in DBA mice showed metabolically 

active mitochondria (Table 1). 

Mitochondrial O2
•-
 Production 

Figure 3 shows representative histograms of total 

epidermal cells’ red fluorescence (MitoSOX probe) of 

one control and one irradiated mouse for each mice 

strain. Mitochondrial O2
•-
 production by total epidermal 

cells, quantified using the marker shown in the figure, 

was significantly increased in SKH:1 and Balb/c 

 

Figure 1: Epidermal histological aspect is shown in a photomicrograph for one control and one irradiated mouse per strain. 
Quantification of epidermal thickness ( m) is shown in bar graphs. Statistical analysis was performed using a Student t-test, 
**p<0.01, *** p<0.001. 
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irradiated mice, while it was unaffected in Swiss and 

DBA/2N. On the other hand it was significantly 

decreased in C57/BL, compared to unirradiated control 

mice. 

 

Figure 3: Epidermal total cells’ red fluorescence analysis 
(MitoSOX probe). For each mice strain, histograms 
corresponding to one control (solid grey) and one irradiated 
(black line) mouse are shown. The marker used to quantify 
MitoSOX

+
 cells is also shown. Quantification of O2

•-
 producing 

cells (% of total epidermal cells) is shown in bar graphs. 
Statistical analysis was performed using Student t-test, 
*p<0.05, *** p<0.001 (n=5). 

This parameter ranged between 11.7% (Balb/c) and 

51.1% (DBA/2N) in unirradiated control mice, showing 

important differences between mice strains in their 

basal metabolic state. 

Mitochondrial O2
•-
 production by metabolically active 

cells (DiOC6
+
 cells) is shown in Figure 4. Contrary to 

 

Figure 2: Epidermal total cells’ green fluorescence analysis 
(DiOC6 probe). For each mice strain, histograms 
corresponding to one control (solid grey) and one irradiated 
(black line) mouse are shown. The marker used to quantify 
DiOC6

+
 cells is also shown. Quantification of cells bearing 

polarized mitochondria (% of total epidermal cells) is shown 
in bar graphs. Statistical analysis was performed using a 
parametric Student t-test (*) or a nonparametric Mann-Witney 
test (#), ** or ## p<0.01, *** p<0.001 (n=5). 
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total epidermal cells mitochondrial O2
•-
 production, 

when a particular subpopulation of epidermal cells is 

analyzed (those bearing polarized mitochondria), a 

significant increase in the production of this free radical 

was observed in all mice strains.  

 

Figure 4: Epidermal DiOC6
+
 cells’ red fluorescence analysis 

(MitoSOX probe). For each mice strain, histograms 
corresponding to one control (solid grey) and one irradiated 
(black line) mouse are shown. The marker used to quantify 
MitoSOX

+
 cells is also shown. Quantification of O2

•-
 

production by metabolically active cells (% of DiOC6
+
 cells) is 

shown in bar graphs. Statistical analysis was performed using 
a parametric Student t-test (*) or a nonparametric Mann-
Witney test (#), * or # p<0.05, ## p<0.01 (n=5). 

In control mice, this parameter ranged between 2.7 

% (Balb/c) and 9.2 % (C57/BL) (Table 1). 

Inflammatory Cytokines Quantification 

Figure 5 shows the quantification of the 

inflammatory cytokines TNF-  and IL-6 in serum 

(Figures 5a and 5c, respectively) and epidermal 

homogenates (Figures 5b and 5d, respectively) of 

irradiated and unirradiated control mice from all strains. 

A significant increase in serum IL-6 was observed in all 

irradiated mice strains, with the greatest increments for 

C57/BL and Swiss mice (138.4 and 94.7 pg/ml, 

respectively). No changes were observed for serum 

TNF- . On the other hand, in epidermal homogenates, 

a significant increase in TNF-  production was 

observed in irradiated C57/BL and DBA/2N, compared 

to their corresponding control group. No changes were 

observed for epidermal IL-6. 

DISCUSSION 

Skin exposure to UVr leads to a wide variety of 

molecular and cellular effects, many of them directly 

related to skin cancer development. Plenty of these 

effects have been evaluated using mice models along 

the last 40 years, since the pioneer studies on UV-

induced carcinogenesis performed by Dr. Margaret 

Kripke [20, 21]. Direct effects of UV irradiation on skin, 

as well as indirect systemic effects, highly depends 

both on the dose of UVr and the total number of 

exposures. In this way, acute exposure produces 

different effects than multiple or long term chronic ones 

[22, 23]. Long term chronic effects are vastly 

represented by skin cancer development, which can be 

evaluated assessing the multiplicity of tumors or tumor 

growth rate [23]. Since Dr. Kripke’s studies, the 

establishment of an immunosuppressive state in UV-

irradiated mice, which leads to a decrease in anti-tumor 

immunosurveillance, was clearly evidenced. 

Afterwards, systemic immunosuppression in UV-

irradiated mice was vastly studied by the decrease in 

cutaneous immune reactions to haptens (contact 

hypersensitivity reaction, CHS), in short-term and 

unique UV exposure models.  

The mice strain used in the evaluation of UVr 

effects on skin is also a variable not commonly 

considered, that may bias the results obtained. As a 

few examples, hairless SKH:1 mice were frequently 

used in single irradiation and tumor development 

studies [24-28], Balb/c mice were useful to investigate 

systemic immunosuppression and tumor development 
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Figure 5: Inflammatory cytokines quantification in serum (a and c) and epidermal homogenates (b and d). Statistical analysis of 
irradiated groups compared to control was performed for each strain using a parametric Student t-test (*) or a nonparametric 
Mann-Witney test (#), * or # p<0.05, ** p<0.01 (n=5). 

[29-31] as well as C3H mice [32, 33] and, finally, 

C57BL mice were primarily used for UV-induced 

immunosuppression mediators studies [34, 35]. 

However, there are few communications regarding 

comparative studies between mice strain for particular 

UVr-induced effects. Sharma et al. compared 

responses of C57BL, SKH:1 and Balb/c to a four-doses 

scheme of irradiation and found that C57BL mice 

exhibit a bigger inflammatory response than the other 

two strains after UV exposure [16]. Moreover, Noonan 

and Hoffman demonstrated a high susceptibility of the 

same mice strain for UV-induced immunosuppression, 

being Balb/c mice more resistant to this effect [17]. In 

the present work we show both comparable responses 

between the strains for some effects, and particular 

ones for others. All mice strains generate an epidermal 

hyperplasia 72 hours after UVr exposure, showing that 

general stimuli that promote keratinocyte proliferation 

are present for all strains. Since keratinocyte 

hyperproliferation is an important event in skin cancer 

development, all of the analyzed mice strains may 

potentially be equally susceptible to it. However, 

oxidative damage in epidermal cells is quite different 

between mice strains. While mitochondrial O2
•-
 

production by epidermal cells is increased in irradiated 

SKH:1 and Balb/c mice, it is not affected in Swiss and 

DBA mice and is decreased in C57BL mice. According 

to the relevant role of reactive oxygen species as 

carcinogenesis promoters [36], we can infer that there 

may be important differences in tumor susceptibility 

between mice strains, regarding the amount of 

oxidative species produced. Moreover, differences in 

mitochondrial O2
•-
 production between non-irradiated 

control mice are evident. These differences correlate 

with the mitochondrial polarization, the less the 

percentage of cells with polarized mitochondrial, the 

more the percentage of O2
•-
 producing cells. These 

differences imply a different susceptibility to oxidative 

damage between mice strains. Finally, inflammatory 

responses after UVr exposure also show differences. 

While C57BL and Swiss irradiated mice show a 

significant increase in inflammatory mediators (C57BL 

in epidermis and serum and Swiss only in serum), the 

other mice strains just produce a slight increase in 

inflammatory molecules. As the inflammatory profile is 

related to skin cancer development [37], these different 
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responses between mice strains are another evidence 

to consider possible differences in tumor susceptibility 

between strains. 

According to the above presented results, and the 

ones from other groups, it can be concluded that the 

selection of a specific mice strain for photodermatology 

and photoimmunology studies is not a negligible issue 

and should be carefully done. As results obtained from 

experiences in these fields are commonly extrapolated 

to skin cancer development and generalized into 

relevant species conclusions, the use of one or another 

mice strain that can bias the conclusions and the 

usefulness of a particular research should strongly be 

considered. We finally recommend the comparison of a 

particular effect in a minimum of two mice strains, 

before reaching trascendental resolutions. 
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