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Background: Krüppel-like factor 4 (KLF4) is a transcription 
factor that regulates a diverse array of cellular processes, 
including development, differentiation, proliferation, and 
apoptosis. Although its function in keratinocytes has been 
widely studied, its exact role in psoriasis has not been 
elucidated. Objective: We designed this study to investigate 
epidermal expression levels of KLF4 and the change in KLF4 
expression after treatment in patients with psoriasis. 
Methods: We compared the expression levels of KLF4 in the 
basal, suprabasal, and superficial epidermal layers, in 
psoriatic lesional, non-lesional, and normal skin, using an 
immunoreactivity intensity distribution index (IRIDI). In 
addition, we measured the change in KLF4 expression on the 
basis of the IRIDI and by reverse transcription polymerase 
chain reaction (RT-PCR) analysis after treatment. Results: The 
combined IRIDI scores in psoriatic lesional skin were 
significantly higher than the scores in both non-lesional and 
normal skin. The psoriatic epidermis, particularly the 
suprabasal layer, showed a significantly increased IRIDI 
score compared to that of non-lesional and normal skin, 
which was significantly decreased after treatment. RT-PCR 
analysis exhibited a slight increase in KLF4 mRNA expre-
ssion level after treatment; however, this increase was not 
significant. Conclusion: These data indicate that KLF4 could 

regulate epidermal proliferation and differentiation. More-
over, we believe that KLF4 may play an important role in the 
physiological reaction to counteract abnormal differen-
tiation and proliferation of keratinocytes. (Ann Dermatol 
26(6) 675∼680, 2014)
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INTRODUCTION

Krüppel-like factors (KLFs) are named based on their 
sequence homology with the Krüppel protein of the 
Drosophila embryonic pattern regulator1. KLFs are zinc 
finger-containing transcription factors that regulate a 
diverse array of cellular processes, including develop-
ment, differentiation, proliferation, and apoptosis2. For the 
KLF family, 17 members have been identified in mamma-
lian cells, and they are referred to as KLF1-171,3. KLF4 is 
highly expressed in epithelial tissues, including the skin 
and gastrointestinal tract4-6, and plays an important role in 
differentiation and specification of the skin epithelium7. 
Recent studies8,9 revealed a correlation between KLF4 and 
psoriasis. However, currently, no data are available on the 
differences in KLF4 expression between lesional and 
non-lesional skin of patients with psoriasis or on the 
change in KLF4 expression after treatment. In the present 
study, we aim to elucidate evidence supporting the in vivo 
association between KLF4 and psoriasis. 

MATERIALS AND METHODS
Subjects and skin samples

We studied patients with psoriasis (aged ＞18 years), who 
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visited the Department of Dermatology at the Hallym 
University Sacred Heart Hospital from July 2010 to 
December 2012. In total, 31 patients with moderate- to se-
vere psoriasis (defined by a psoriasis area and severity 
index [PASI] score ≥12 or a total body surface area 
involvement ≥10%) were included. None of the patients 
had received any psoriasis treatment except for emollient 
for at least 3 weeks prior to the study. Two punch biopsies 
(diameter: 3 mm) were obtained under local anesthesia 
from each patient before initiating treatment: one from 
lesional skin (n=31) and the other from adjacent non- 
lesional skin (n=9). After 2 months of treatment, skin 
biopsies were again obtained from a site adjacent to the 
previous biopsy sites in 15 of the 31 patients, who showed 
a reduction in the baseline PASI score of ≥50%. The 
specimens were subjected to immunohistochemical (n=15) 
and reverse transcription polymerase chain reaction 
(RT-PCR) (n=11) analyses. Additionally, skin samples were 
taken from healthy volunteers with no personal or family 
history of psoriasis (n=4, control group). The study was 
approved by the institutional review board of Hallym 
University Sacred Heart Hospital (IRB No. 2010-I029).

Immunohistochemistry

Sections were cut from paraffinized specimens, depara-
ffinized in xylene for 5 min and sequentially rehydrated in 
100%, 95%, and 75% alcohol solutions for 3 min each, 
washed with water, and boiled twice for 10 min each in 
10 mM citrate buffer by using an ultrashort wave. To 
inhibit intrinsic enzymatic activation, samples were treated 
with 0.3% hydrogen peroxide for 10 min and washed 
with phosphate-buffered saline (PBS). For immunohisto-
chemistry, samples were incubated with approximately 
0.7 mg/ml of anti-KLF4 antibody (Millipore, Billerica, MA, 
USA) for 1 hour at 37oC, washed with PBS, and treated 
with a secondary, biotinylated antibody for 20 min. After 
washing in PBS, the sections were incubated with 
streptavidin peroxidase for 20 min. Diaminobenzidine was 
used as a chromogenic substrate, and the sections were 
lightly counterstained with 10% hematoxylin.

Immunoscoring

The semiquantitative evaluation method by Chaiyarit et 
al.10, which involves scoring the percentage of positive 
cells and the staining intensity, was used to assess KLF4 
expression. On microscopic examination, the epidermis 
was divided into three layers: basal, suprabasal, and 
superficial. Each layer was evaluated for the proportion of 
positive cells and the intensity of overall staining. The 
percentage of positive cells was graded as follows (per-
centage scores): 0=no stained cells; 1=＜25% stained 

cells; 2=25%∼50% stained cells; and 3=＞50% stained 
cells. The intensity of the immunostaining was graded as 
follows: 0=non-reactive; 1=weakly stained; 2=interme-
diately stained; and 3=intensely stained. The immuno-
reactivity intensity distribution index (IRIDI) was then 
computed as follows: the percentage score for each layer 
was multiplied by the intensity score of that layer to 
provide the IRIDI of the layer; the resulting scores for the 
three layers were then added to provide a combined IRIDI 
for each specimen.

Reverse transcription polymerase chain reaction

Total RNA was isolated from whole tissue specimens 
(before and after treatment) by using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA), following the manufac-
turer’s protocol. Two micrograms of extracted RNA were 
reverse-transcribed using reverse transcriptase (Invitrogen). 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was 
used as a control to correct for variation in mRNA extraction 
and reverse transcription. KLF4 and GAPDH transcripts 
were amplified using an RT-PCR PreMix Kit (Intron Bio-
technology, Seongnam, Korea). The primer sequences 
were as follows: KLF4 forward: 5'-CCTACCTCGGAG-
AGAGACCG-3', KLF4 reverse: 5'-GGACTCCCTGCCATA-
GAGGA-3' and GAPDH forward: 5'-CGTCTTCACCACC-
ATGGAGA-3', GAPDH reverse: 5'-CGGCCATCACGCC-
ACAGTTT-3'. PCR products were electrophoresed on an 
agarose gel, stained with ethidium bromide, and visuali-
zed under ultraviolet light. The results are reported as the 
ratio of relative intensity of KLF4/GAPDH. All experiments 
were performed in triplicate.

Knockdown of KLF4 expression

For this procedure, we used KLF4 Trilencer-27 Human 
siRNA (Cat. No. SR306162; Origene Technologies, Rock-
ville, MD, USA) with Lipofectamine (Invitrogen), accord-
ing to the manufacturer’s protocol. Trilencer-27 Universal 
Scrambled Negative Control siRNA Duplex (Cat. No. 
SR30004; Origene Technologies) was used as a negative 
control. HaCaT cells were seeded at a density of 5,000 
cells/well in 96-well plates and transfected with siRNA. 
Methyl-thiazolyl- tetrazolium (MTT; Amresco, Solon, OH, 
USA) was added to each well 24 hours after the trans-
fection. After additional incubation for 2 hours, the me-
dium was removed, dimethyl sulfoxide (DMSO; Am-
resco) was added to each well, the plate was mixed 
thoroughly for 10 min, and optical density (OD) was mea-
sured on a microplate reader (Multiskan GO; Thermo 
Scientific, Waltham, MA, USA) at 540 nm. Proliferation 
index (PI) was calculated from the formula PI=OD of the 
KLF4 knockdown group/OD of the control.
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Fig. 1. Immunohistochemical stain-
ing for KLF4. (A) Normal skin speci-
men showing KLF4 expression in 
the basal layer. (B) Non-lesional skin 
of a patient with psoriasis, show-
ing an increased number of KLF4- 
positive cells compared to that in 
a normal skin specimen. (C) Psori-
asis plaque showing increased 
KLF4 expression. KLF4 expression 
in psoriatic lesional skin was sig-
nificantly higher compared to that 
in both non-lesional and normal skin. 
(D) After treatment, KLF4 expre-
ssion decreased in suprabasal layer 
(A, B, D: ×200; C: ×100).

Statistical analysis 

Lesional and non-lesional skin samples from patients with 
psoriasis and normal skin samples from healthy donors 
were compared to identify differences in KLF4 staining. 
IRIDI scores for each layer were compared using the 
Kruskal-Wallis test. If the difference was significant, as 
determined by the Kruskal-Wallis test, the Bonferroni post 
hoc test was used to identify the difference between each 
group. Statistical analysis of the RT-PCR results and the 
MTT assay was performed using Student’s t-test for paired 
samples. IBM SPSS Statistics 20.0 (IBM Co., Armonk, NY, 
USA) was used for all statistical analysis, and a p-value 
＜0.05 was considered statistically significant.

RESULTS 
KLF4 expression in the epidermis 

In all groups, immunoreactivity for KLF4 was noted in the 
basal and suprabasal layers, and no stained cells were 
observed in the superficial layer (Fig. 1A∼C, Table 1). 
Moreover, KLF4 positive cells were predominantly located 

in the basal layer; however, no significant difference was 
observed among the groups. For the suprabasal layer, the 
mean score in psoriatic lesional skin was significantly 
higher than that in both non-lesional and normal skin 
samples. The combined IRIDI scores in psoriatic lesional 
skin were significantly higher than the scores of both 
non-lesional and normal skin (Table 2). While normal skin 
showed a lower level than did non-lesional skin, both 
IRIDI score of each layer and combined IRIDI score were 
not significantly different. 

Effect of treatment on KLF4 expression

The combined IRIDI score before and after treatment was 
11.92±3.45 and 11.52±3.85, respectively, which are not 
significantly different (Table 3). For the basal layer, the 
difference was not significant, although it showed a 
tendency to increase slightly after treatment. However, a 
significant decrease in the IRIDI score was noted in the 
suprabasal layer (Fig. 1C, D). In addition, mRNA expres-
sion of KLF4 before and after treatment was evaluated by 
RT-PCR. The relative intensity of KLF4 mRNA expression 
compared to that of GAPDH (control) was slightly, but not 
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Fig. 2. (A) Representative RT-PCR analysis of KLF4 and GAPDH
(control) before and after treatment. After treatment, the intensity
of KLF4 mRNA expression was increased compared to that in
the control. (B) The relative intensity of KLF4 mRNA expression
was slightly, but not significantly, increased.

Fig. 3. Reduction in the proliferation of HaCaT cells after KLF4 
knockdown. Three siRNA probes (A, B, and C) were evaluated,
all of which showed a decreasing tendency in proliferation index 
(PI); however, this decrease and the margin of decrease between
the groups were not statistically significant.

Table 1. The KLF4 expression in each layer of epidermis 

IRIDI score Bonferroni p-value

Basal layer 
Lesion (A) 7.20±1.93 0.364
Non-lesion (B) 6.22±2.54
Normal (C) 6.00±2.45

Suprabasal layer
Lesion (A) 4.72±2.17 A＞B, C 0.000*
Non-lesion (B) 1.33±0.70
Normal (C) 0.50±1.00

Superficial layer
Lesion (A) 0.00±0.00
Non-lesion (B) 0.00±0.00
Normal (C) 0.00±0.00

Values are presented as mean±standard deviation.
KLF4: Krüppel-like factor 4, IRIDI: immunoreactivity intensity 
distribution index.
*p＜0.001.

Table 2. The KLF4 expression in epidermis

 IRIDI score Bonferroni p-value

Lesion (A) 11.92±3.19 A＞B, C 0.000*
Non-lesion (B) 7.56±3.17
Normal (C) 6.50±2.65

Values are presented as mean±standard deviation. 
KLF4: Krüppel-like factor 4, IRIDI: immunoreactivity intensity 
distribution index.
*p＜0.001. 

Table 3. The change in KLF4 expression after treatment 

IRIDI score p-value

Combined 
Baseline 11.92±3.45 0.166
After treatment 11.52±3.85

Basal layer 
Baseline 7.29±1.94 0.829
After treatment 9.58±2.70

Suprabasal layer
Baseline 4.42±2.28 0.015*
After treatment 2.50±2.06

Values are presented as mean±standard deviation. 
KLF4: Krüppel-like factor 4, IRIDI: immunoreactivity intensity 
distribution index.
*p＜0.05.

significantly, increased after treatment (Fig. 2).

The effect of KLF4 expression on the proliferation of 
HaCaT cells

The siRNA probes did not lead to a significant change in 
PI, although a decreasing tendency in PI was noted 

(p=0.37). Three siRNA probes (A, B, and C) were 
evaluated; however, they did not result in significantly 
different PIs. We achieved the highest level of inhibition 
by using siRNA probe B, which reduced the proliferation 
of HaCaT cells from 100% to 73.3% (Fig. 3).
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DISCUSSION

Evidence for the role of KLF4 in regulating epithelial 
differentiation has been demonstrated by gene targeting 
experiments that confirmed the effect of KLF4 on the 
differentiation and development of epidermal keratinocytes. 
KLF4−/− knockout mice died from the rapid loss of body 
fluids as a result of defects in the barrier function of the 
skin, suggesting that KLF4 plays an important role in the 
differentiation and specification of the skin epithelium7. 
Conversely, in transgenic mice that are induced to 
ectopically express KLF4 in their epidermis, KLF4 has 
been shown to accelerate terminal differentiation11. In 
addition to regulating differentiation, KLF4 may have an 
important function in the regulation of cell proliferation12. 
Induction of KLF4 results in G1/S cell-cycle arrest; this 
arrest is accompanied by the activation of p21WAF1/Cip1, a 
potent suppressor of cell proliferation13. Although psori-
asis is a common skin disease, featuring abnormal differen-
tiation and proliferation of keratinocytes, few studies8,9 
have reported an association between KLF4 and psoriasis. 
Tsoi et al.8 identified KLF4 as a new psoriasis susceptibility 
locus, and Madonna et al.9 demonstrated the expression 
of KLF4 in psoriatic keratinocytes.
We found that the KLF4 expression level was significantly 
higher in psoriatic lesional skin than in non-lesional and 
normal skin. The increased expression of KLF4 in psoriatic 
skin is likely a physiological reaction to maintain homeo-
stasis. KLF4 is markedly induced in response to IFN-γ 

and TNF-α, which have been associated with the patho-
genesis of psoriasis14. Furthermore, the ETS-related tran-
scription factor ELF4 directly activates KLF4 downstream 
of T-cell receptor signaling to induce cell-cycle arrest in 
naïve CD8＋ T cells, and eventually regulates the pro-
liferation of naïve CD8＋ T cells15. Because psoriasis is 
characterized by T cell-mediated hyperproliferation of 
keratinocytes and CD8＋ T cells are predominantly located 
in the psoriatic epidermis, this inhibitory effect on CD8＋ T 
cell proliferation may be a physiological reaction to 
counteract the T-cell effect.
The epidermis is composed of a basal layer of proliferating 
cells and a suprabasal layer of terminally differentiating 
cells. We found that the psoriatic epidermis, particularly 
the suprabasal layer, showed significantly increased expre-
ssion of KLF4 compared to that in normal and non- 
lesional skin, which changed significantly after treatment. 
This finding suggests that the enhanced expression of 
KLF4 in the suprabasal layer is a physiological reaction to 
counteract the abnormal differentiation rather than the 
proliferation of keratinocytes.
Through RT-PCR analysis, we found that KLF4 mRNA 

expression was slightly, but not significantly, increased 
after treatment, suggesting that the total amount of 
expression increased as the psoriatic plaque normalized. 
Similarly, Madonna et al.9 reported that KLF4 levels, as 
determined by RT-PCR, were significantly reduced in 
psoriatic keratinocytes compared with healthy keratin-
ocytes. They suggested that reduction of KLF4 might be 
responsible for the enhanced expression of the suppressor 
of cytokine signaling 1 (SOCS1) in psoriatic cells, which 
plays an important anti-inflammatory and self- protective 
role. The increased KLF4 expression levels detected by 
RT-PCR after treatment correspond with the findings of 
previous reports9. In contrast, IRIDI analysis indicates a 
decrease in KLF4 expression after treatment. While the 
present results appear to contradict formerly published 
data, previous reports had not assessed psoriatic kera-
tinocytes after treatment; therefore, those results cannot be 
directly compared to the present findings. Moreover, it 
was difficult to compare the expression levels assessed 
with the IRIDI method, which involved only the epi-
dermis, and RT-PCR analysis, which involved the dermis 
as well as the epidermis. Regarding the reduction of 
proliferation after KLF4 knockdown, our results seem to 
be contradictory to those of a previous report, which 
showed that KLF4 inhibits cell proliferation by blocking 
G1/S progression of the cell cycle13. However, the 
decreased proliferation after KLF4 knockdown can be 
explained by the fact that KLF4 depletion caused p53- 
dependent apoptosis, as reported in breast cancer cells by 
Rowland et al.16.
Our study had several limitations such as the small 
number of tissue specimens evaluated and the determi-
nation of KLF4 expression levels by using immunohis-
tochemical staining and RT-PCR only; thus, we could not 
find a definitive explanation for the role of KLF4 in the 
development or maintenance of psoriasis. However, 
unlike previous studies, we were able to show that KLF4 
expression is significantly increased in the suprabasal layer 
of psoriatic epidermis compared to non-lesional and 
normal skin. A few data on KLF4 are available, except 
cancer. In particular, little is known regarding the asso-
ciation between KLF4 and psoriasis; therefore, further 
studies are needed.
In conclusion, we found that KLF4 expression levels in 
psoriatic lesional skin were significantly higher than those 
in non-lesional and normal skin. KLF4-positive cells were 
predominantly located in the basal layer; however, no 
significant differences were observed among the three 
groups. For the suprabasal layer, the KLF4 expression level 
in the psoriatic lesional skin was significantly higher than 
that in the other skin samples, and the scores were 
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significantly reduced after treatment. RT-PCR analysis 
showed slightly increased KLF4 mRNA expression after 
treatment; however, this increase was not statistically 
significant. We believe that KLF4 may play an important 
role in the physiological reaction to counteract abnormal 
differentiation and proliferation of keratinocytes.
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