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MicroRNA-126 regulates the phosphatidylinositol-
3 kinase (PI3K)/protein kinase B (AKT) pathway in
SLK cells in vitro and the expression of its
pathway members in Kaposi’s sarcoma tissue
Gaihui Lu, PhDa,b, Xiujuan Wu, PhDb,∗, Zongfeng Zhao, MAb, Yuan Ding, MDb, Peng Wang, MAb,
Caoying Wu, MAb, Xiaojing Kang, MDb, Xiongming Pu, MAa,b,∗

Abstract
In vitro, microRNA-126 (miR-126) inhibits SLK cell proliferation, inhibits the cell cycle, induces cell apoptosis, and reduces cell
invasiveness. Double luciferase assays have shown that phosphatidylinositol-3 kinase (PI3K) is the miR-126 target in SLK cells. We
aimed to investigate the influence of miR-126 on the phosphate and tension homology deleted on chromosome ten (PTEN)/PI3K/
protein kinase B (AKT) pathway members in SLK cells and to determine the expression of these pathway members in Kaposi’s
sarcoma (KS). The mimic and inhibitor of miR-126 were transfected into SLK cells and PTEN and AKT1 expression was assayed in
SLK cells by real-time quantitative PCR and western blotting. PTEN, AKT1, phosphorylated (P)-PTEN, and phosphorylated (P)-AKT
expression in KS and paraneoplastic skin were assayed by immunohistochemistry. AKT1 expression was downregulated in SLK cells
that overexpressed miR-126, while there was no significant difference in PTEN expression between SLK cells overexpressing miR-
126 and those in which its expression was knocked down. PTEN and AKT1 were expressed in KS and paraneoplastic skin but P-
AKT was not. Interestingly, P-PTEN was not expressed in paraneoplastic skin but it was expressed in 90% of KS biopsies (P< .05).
P-PTEN expression was also significantly higher in visceral than in cutaneous KS (P= .01) and was higher in indoor than in outdoor
workers (P= .018). In vitro, miR-126 negatively regulated AKT1 expression but no regulation of PTEN expression was evident.
Results indicated that in KS, PTEN is activated and may therefore be a potential therapeutic target for KS. In addition, these results
also indicate that sunlight may not be the cause of KS.

Abbreviations: AKT = protein kinase B, HHV8 = human herpesvirus 8, HIV = human immunodeficiency virus, KS = Kaposi’s
sarcoma, miR-126 = microRNA-126, miR-126i = miR-126 inhibitor, miR-126iNC = miScript Inhibitor Negative Control miR-126,
miR-126m = miR-126 mimic, miR-126NC = AllStars Negative Control siRNA, PI3K = phosphatidylinositol-3 kinase, PTEN =
phosphate and tension homology deleted on chromosome ten, SD = standard deviation.
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1. Introduction

Kaposi’s sarcoma (KS) is a heterogeneous angioproliferative
neoplasm that requires HHV-8 infection and presents in 4
recognized epidemiological forms. Pathogenesis of all types of this
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disease is not clear, and there is no standard treatment. Previous
studies have reported the involvement ofmicroRNAs (miRNAs) in
the etiology, diagnosis, prognosis, and treatment of many
cancers.[2,3] miR-126 expression is upregulated in KS, and miR-
126 has been shown to inhibit cell proliferation, arrest cell cycle
progression, induce cell apoptosis, and inhibit cell invasiveness of
KS SLK cells.[4–6] The results of bioinformatics analysis and
luciferase reporter assays revealed that phosphatidylinositol-3
kinase (PI3K) was a direct target of miR-126 and that aberrant
expressionof genes in the phosphate and tensionhomologydeleted
on chromosome ten (PTEN)/PI3K/ protein kinase B (AKT)
signaling pathway was involved in tumorigenesis and regulation
of gene expression, the cell cycle, cell proliferation, differentiation,
proliferation, angiogenesis, and metastasis in tumor cells.[6–9]

PTEN is a tumor suppressor gene for phosphatases with lipid and
protein substrates[10] and its dysfunction can activate the PI3K/
AKTsignalingpathway, leading tomalignant cell proliferationand
cancer.[11] AKT is a proto-oncogene, and a downstream effector of
thePTEN/PI3K/AKTsignalingpathway. P-AKT, the active formof
AKT, is strongly expressed in various malignancies.[12,13] PI3K, a
second messenger system located on the plasma membrane. To
promote cell proliferation, PI3K activates AKT by transferring a
phosphate from PTEN.[14]

Here, we investigated the regulation of miR-126 in SLK cells
on the PTEN/PI3K/AKT signaling pathway in vitro, and the
expression of its members in KS tissue.

mailto:puxiongming@126.com; xjwuxj@sina.com
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2. Material and methods

2.1. SLK cells

The human KS-derived SLK cell line was purchased from the
National Institutes of Health AIDS Reagent Program (Bethesda,
Maryland) and cultured in Dulbecco’s Modified Eagle Medium
(DMEM) with 4.5g/L glucose (Gibco, Grand Island, NY) and
10% fetal bovine serum (Gibco, Grand Island, NY). Cells were
cultured in a humidified atmosphere of 95% air and 5% CO2

at 37°C.
2.2. Transfection of SLK cells by miR-126 mimic and
inhibitor
2.2.1. Determination of the optimal transfection conditions.
HiPerFect Transfection Reagent (Qiagen, Hilden, Germany) and
AllStars Hs Cell Death Control siRNA (Qiagen) were mixed
according to the manufacturer’s instructions. The mixture was
then added to 96-well plates containing SLK cell cultures and an
MTT Cell Proliferation Cytotoxicity Assay Kit (Sang Biotech,
Shanghai, China) was used to measure the cell viability at 6, 24,
48, and 72hours, respectively, by measuring the absorbance at
450nm using a spectrophotometer (NanoDrop, NY). Six wells
were measured for each time point and all experiment were done
in triplicate. Cell viability (%)= (As–Ab)/(Ac–Ab) � 100%,
with data expressed as the mean (Ab: blank control group; Ac:
negative control group; As: experimental group).[6]

According to the above optimal transfection conditions, the
miR-126 mimic (miR-126m, cat. no. MSY0000445), miR-126
inhibitor (miR-126i, cat. no. MIN0000445), AllStars Negative
Control siRNA (miR-126NC, cat. no.1027272), and miScript
Inhibitor Negative Control miR-126 (miR-126iNC, cat
no.1027271) were purchased from Qiagen (Qiagen). Cells were
transfected with HiPerFect Transfection Reagent (Qiagen)
following the manufacturer’s instructions. SLK cells were
used as blank control to exclude the effect of small nucleotide
fragments on SLK cells.

2.2.2. Quantitative real-time reverse transcription PCR (qRT-
PCR).After 48hours transfection, total RNAwas extracted from
cells using an RNeasy Mini Kit (Qiagen). The cDNA was reverse
transcribed with an miRcute miRNA cDNA Kit (Tiangen,
Beijing, China) and a PrimeScript First strand cDNA Synthesis
Kit (TaKaRa, Dalian, China) following the manufacturer’s
instructions. The RNA concentration was determined by
fluorometric quantitation (Invitrogen, NY), and RNA integrity
was assayed by gel electrophoresis. miR-126, PTEN, and AKT1
expressions were assayed by qRT-PCR using SYBR Green
(Tiangen). Real-time PCR experiments were performed in a
ThermoFisher PCR system (Thermo Fisher Scientific, NY), under
the following conditions: 1 cycle of 95°C for 2minutes, 40 cycles
of 95°C for 15seconds, and 60°C for 10seconds. The primers
used were miR-126 sense (50-30, 100354638, Sang Biotech,
Shanghai, China), U6 (Hs_RNU6 miScript Primer Assay,
MS00033740, Tiangen), PTEN (F, 9407365113; R,
9407365114, Sang Biotech), AKT1 (F, 9407365109; R,
9407365110, Sang Biotech), and b-actin (assay kit
QT00095431, Qiagen). Each sample was assayed in triplicate
and the values (expressed as mean± standard deviation (SD))
were calculated using the 2–DDCt method.

2.2.3. Western blotting assay (WB). After transfection for
48hours, the cells were collected in cold PBS and splitted in
radioimmunoprecipitation assay buffer (RIPA) buffer with
2

protease inhibitors (e.g., 1mmol/L phenylmethylsulfonyl fluo-
ride, 2mmol/L NaVO4, 50mmol/L NaF, 1mg/mL aprotinin, and
10mg/mL leupeptin) at 4°C for 30minutes. Protein concentration
was determined with a Pierce (bicinchoninic acid) BCA assay kit
(Thermo Fisher Scientific) following the manufacturer’s instruc-
tions. Equal amounts of protein were electrophoresed on 10%
sodium dodecyl sulfate-polyacrylamide gels and transferred to
nitrocellulose membranes. Membranes were blocked with 5%
goat serum for 2hours at room temperature and washed 3 times
with tris-buffered saline and Tween 20 (TBST). The membrane
was incubated overnight at 4°C with primary PTEN, AKT1, or
b-actin antibodies (diluted 1:200; Abcam, London, UK), washed
3 times with TBST and incubated with HRP-conjugated
secondary antibody (diluted 1: 10,000; Abcam, London, UK).
Signals were detected using enhanced chemiluminescence
reagents (ECL) (BosterBio, Wuhan, Hubei, China). Image J
software was used to calculate the optical density of the target
proteins relative to b-actin protein levels. Each sample was
assayed in triplicate.

2.2.4. Participants. Participants gave written consent before
inclusion. The ethics committee of the People’s Hospital of
Xinjiang Uygur Autonomous Region (China) approved the study
protocol (no. 16-87-KY). Paraffin blocks of tumor tissue
obtained from 40 KS patients treated between 2010 and 2016
were selected from the hospital dermatology laboratory. The
patients included 29 Uygur, 3 Han, 7 Hakesa, and 1 Siberian
Chinese. Thirty-three were males and 7 were females with ages
that ranged from 26 to 85 (mean 57.30±17.56) years; 24 were at
the patch/plaque stage and 16 were at the nodular stage when
treated. Ten cases were human immunodeficiency virus (HIV)
seropositive and 35 cases were human herpesvirus 8 (HHV8)
seropositive. The HHV8 status of 2 patients was unknown.
Chemotherapy, radiation, laser, immunization, cryotherapy, and
other treatments had not been performed in the 3 months before
specimen preparation. Paraffin blocks of paraneoplastic skin
were used as controls.

2.2.5. Immunohistochemistry (IHC). Forty formalin-fixed,
paraffin-embedded KS and 40 normal adjacent biopsy tissue
blocks were evaluated by 2 independent pathologists who were
blinded to the experimental groups. PTEN, P-PTEN, AKT1, and
P-AKT1 expression were assayed in sections by IHC. After
fixation, the slides were deparaffinized by placing them in xylene
followed by absolute, 95%, and 70% ethanol and finally water
for 2minutes each. Antigen retrieval was performed in a pressure-
cooker with pH 9.0Tris/EDTA buffer, followed by a 20minutes
cool-down. Then the slides were treated with 3% H2O2 in
methanol for 15minutes to inhibit endogenous peroxidase. After
washing, the slides were blocked with 10% normal goat serum in
a humid chamber for 30minutes at room temperature, and
incubated with PTEN, P-PTEN, AKT1, and P-AKT primary
antibodies (1:300 dilution; Abcam, London, England) overnight
at 4°C. The slides were counterstained with hematoxylin,
dehydrated, and mounted. Positive control slides were provided
by the reagent company (Abcam), and an isotype antibody
instead of the primary antibody was used as a negative control.
Staining was evaluated by 2 pathologists who were blinded to the
experimental conditions.
The percentage of positive cells in 10 randomly selected high-

power visual fields (400�) was calculated. Brownish to yellow
staining was considered as a positive reaction. Staining intensity
was scored as 0 (colorless), 1 (light yellow), 2 (light brown), and 3
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(dark brownish yellow). Percent positivity was scored as 0 (no
positive cells), 1 (< 25% positive cells), 2 (25%–50% positive
cells, 3 (51%–75% positive cells), and 4 (> 75% positive cells).
An integral IHC score was calculated by adding the intensity and
percentage scores; total scores of 0–1 were recorded as –, scores
of 1–3 as +, scores of 4–8 as ++, and scores of 9–12 as +++.[15]

2.2.6. Statistical analysis. Repeated measure analysis of
variance (ANOVA) was used to compare the expression between
genes (and proteins), with data expressed as mean±SD. The
results of staining and clinical parameters were compared by Chi-
square or Fisher’s exact tests. All analyses were performed with
SPSS, version 20.0 software (IBMCorp. Armonk, NY). A 2-tailed
P< .05 was considered to be statistically significant.
3. Results

3.1. Transfection efficiency
3.1.1. Transfection efficiency. SLK cells were transfected with
the AllStars Hs Cell Death Control siRNA to determine the
optimal conditions. The cell survival percentage was the lowest,
and the transfection efficiency was the highest with 1mL of
transfection reagent and a transfection time of 48hours (Fig. 1A).
SLK cells were then transfected with either miR-126m, miR-126i,
miR-126NC, or miR-126iNC according to the above conditions
and SLK cells were treated as blank controls. miR-126 expression
in each group was assayed by RT-PCR. The expression in the
miR-126NC, miR126iNC, and blank control cell groups did not
differ significantly, but was higher in the miR126i than in
miR126m cell groups (Fig. 1B and C). The results confirmed
successful transfection of miR-126m, miR-126i, miR-126NC,
and miR-126iNC according to above transfection conditions.

3.1.2. Regulatory effects of miR-126 on AKT1 and PTEN
expression.AKT1 and PTEN expression in SLK cells transfected
with either miR-126m, miR-126i, miR-126NC, or miR-126iNC,
as well as in blank control cells was assayed by both RT-PCR and
western blot. AKT1 mRNA and protein expression were
significantly higher in miR-126i-transfected cells than in cells
Figure 1. Validation of transfection efficiency. (A) The optimal transfection condition
cells transfected with miR-126m, miR-126i, miR-126NC, and miR-126iNC, as we
miR-126 mimic, miR-126NC=AllStars Negative Control siRNA.

3

transfected with miR-126m (Fig. 2). These results suggest that
miR-126 overexpression was associated with reduced expression
of both AKT1 mRNA and protein. PTEN mRNA and protein
expression in miR-126m-transfected, miR-126i-transfected,
miR-126NC, miR-126iNC, and blank control cells did not
differ significantly (Fig. 3). These results suggest that PTEN
expression was not affected by miR-126.

3.1.3. PTEN, P-PTEN, AKT, and P-AKT expression and
clinicopathological characteristics. The expression of PTEN,
P-PTEN, AKT, and P-AKT in KS tissue was assayed by IHC. As
expected, PTEN and AKT were positive in both KS and
paraneoplastic skin tissues, primarily in the cytoplasm of tumor
cells (Fig. 4C, D, G, H), which was similar to previous
reports.[16,17] P-AKT was negative in KS tissue (Fig. 4I and J)
and in paraneoplastic skin tissue. P-PTEN was positive in 36 of
40 KS biopsies, was negative in 4 (Fig. 4E and F), and was
negative in all normal samples. The differential expression of P-
PTEN in KS and paraneoplastic skin tissues was statistically
significant (P< .001; Table 1). These results suggest P-PTEN is
highly expressed in KS. The association of P-PTEN expression
and the clinical manifestations of KS were found to be significant.
There were also significant differences in P-PTEN expression in
KS skin and visceral KS samples (P= .01) and in indoor and
outdoor workers (P= .018; Table 2).

4. Discussion

KS is a skin tumor with a high recurrence rate, and there is no
effective treatment. The mechanism and regulation of growth in
KS have not been extensively studied. Future investigations will
help to provide a molecular basis for targeted treatment of KS.
miRNAs participate in tumor development by degrading or
inhibiting the translation of target mRNAs. miR-126 expression
is downregulated in endometrial carcinoma and non-small cell
lung cancer,[18–20] and its downregulation has been associated
with shortened survival.[21,22] We hypothesized that low miR-
126 expression promoted malignant proliferation and metastasis
of tumor cells, but the mechanism of growth regulation was not
s were determined inmiR-126NC cells. (B, C) The expression of miR-126 in SLK
ll as in blank control cells for 48hours as assessed by qRT-PCR. miR-126m=

http://www.md-journal.com


Figure 3. Regulatory effects of miR126 on PTEN expression. (A) PTEN primer sequence. (B) PTEN mRNA expression in SLK cells after transfection with either the
miR-126mimic, inhibitor, negative control, or inhibitor negative control, as well as in blank control at 48hours. (C, D)Western blot assays of PTEN protein expression
in SLK cells transfected with either the miR-126 mimic, inhibitor, negative control, or inhibitor negative control, as well as in blank control cells.

∗
P< .05. PTEN=

phosphate and tension homology deleted on chromosome ten.

Figure 2. Regulatory effects of miR126 on AKT1 expression. (A) AKT1 primer sequence. (B) The expression of AKT1 mRNA in SLK cells after transfection with
either the miR126 mimic, inhibitor, negative control, and inhibitor negative control, as well as in blank control cells at 48hours, as assessed by qRT-PCR. (C, D)
Western blot assays of AKT1 protein expression in SLK cells transfected with either the miR-126 mimic, inhibitor, negative control, or inhibitor negative control, as
well as in blank control cells.

∗
P< .05. AKT=protein kinase B, miR-126m=miR-126 mimic.
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Figure 4. PTEN, P-PTEN, AKT, and P-AKT expression in patch/plaque phase and nodular phase KS (�20 magnification). (A, B) Hematoxylin and eosin staining of
plaque/patch and nodular phase KS. (C, D) PTEN is expressed in the cytoplasm of spindle cells and vascular endothelial cells at both plaque/patch and nodular
phase KS. (E, F) P-PTEN is expressed in the cytoplasm of spindle cells and vascular endothelial cells at both plaque/patch and nodular phase KS. (G, H) AKT is
expressed in the cytoplasm of spindle cells and vascular endothelial cells at both plaque/patch and nodular phase KS. (I, J) P-AKT expression is not seen in the
cytoplasm of spindle cells and vascular endothelial cells at both plaque/patch and nodular phase KS. AKT=protein kinase B, KS=Kaposi’s sarcoma, PTEN=
phosphate and tension homology deleted on chromosome ten.
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clear. Previous studies have shown that the expression of miR-
126 in KS was significantly upregulated, and that its target was
PI3K.[4–6] The PTEN/PI3K/AKT signaling pathway regulates cell
growth in breast, lung, and gastric cancer.[23–27] The PTEN gene
integrates the activity of multiple upstream and downstream
signaling pathways, and inactivation and mutations in this gene
have been associated with endometrial cancer, hepatocellular
carcinoma, and breast cancer.[28–30] Recent studies have found
that transfection of human prostate cancer cells with wild-type
PTEN reduced tumor angiogenesis; furthermore, AKT inhibitors
are currently in clinical trials as anticancer treatments.[31–33]

PTEN and AKT were chosen as research targets because they are
key regulators of tumor cell growth. AKT1was chosen because of
previous studies confirming its extensive tissue distribution and
regulation of cell growth and apoptosis.[34–35]

In this study, the SLK cell line was transfected in vitro with
miR-126 mimic and inhibitor as a cytological method to confirm
the regulation of PTEN/PI3K/AKT pathway components. AKT1
expression was significantly lower in the miR-126 mimic group
than in the miR-126 inhibitor group at both gene and protein
levels. There were no significant differences in the expression of
PTEN mRNA or protein in SLK cells transfected with the miR-
126 mimic, miR-126 inhibitor, or miR-126 negative control
Table 1

Expression of PTEN, P-PTEN, AKT1 and P-AKT1 in the tissues of
Kaposi’s sarcoma and its paraneoplastic skin.

n

PTEN P-PTEN AKT P-AKT

KS NC KS NC KS NC KS NC

Positive (+ ++ +++) 40 40 36 0 40 40 0 0
Negative (�) 0 0 4 40 0 0 40 40
x2 65.45
P <0.01

AKT=protein kinase B, KS=Kaposi’s sarcoma, NC=negative control, PTEN=phosphate and
tension homology deleted on chromosome ten.

5

group, or in the blank control cells, which indicated that miR-126
did not regulate PTEN expression in SLK cells in vitro.
PTEN and AKT were expressed in both KS and paraneoplastic

skin tissues, indicating that they were not downregulated in KS.
P-AKT was not expressed in KS tissues or paraneoplastic skin,
which indicated that AKT was inactive in KS. We speculate that
P-AKT, a downstream effector in the PTEN/PI3K/AKT signaling
pathway, had no effect on the growth of KS cells, indicating that
KS growth in tumors was regulated by other growth factors. The
difference in expression of PTEN in KS and paraneoplastic skin
tissues was statistically significant and the expression of P-PTEN
(the active state of PTEN) in KS tissue was higher than that in
paraneoplastic skin, indicating that PTEN is active in KS. As
PTEN is the upstream gene of AKT, it might be involved in the
inactivation of AKT. P-AKT is overexpressed in various
malignancies,[36–38] but was not expressed in KS tissues,
suggesting an absence of malignant hyperplasia or a regulation
of malignant hyperplasia by other factors; Therefore, we propose
that AKT is not a suitable treatment target in KS.
BothPTENandP-PTENwere expressed inKS tissues, indicating

partial activation. P-PTEN expression differedwith the location of
the lesion and the patient’s job type, being higher in skin than in
visceral tumors, and being more prevalent in tumors of indoor
workers than in those of outdoor workers, which indicated that
sun exposure was not a factor in the growth of KS. We therefore
propose that PTEN and its activated form, P-PTEN, participate in
the growth and regulation of KS. Combined with previous
studies,[6] results fromthe current study reveal thatPTENandmiR-
126 have similar roles in regulating the growth of KS cells, and in
theory, PTEN may be a potential therapeutic target in KS.
The KS tissues used in this study are all archive specimens, of

which RNA has been degraded and difficult to extract. But the
expression of miR126 in KS has been detected with gene chip
technology and published in previous articles by our research
team.[4] The interaction between miR126 and PTEN, P-PTEN,
AKT and P-AKT in vivo will be studied in future experiments.

http://www.md-journal.com


Table 2

The relationship between the expression of P-PTEN and clinical
features.

P-PTEN

n
Positive

(+ ++ +++)
Negative

(�) x2 P

Age, years
<44 6 6 0 1.725 .631
44–59 11 9 2
60–74 20 17 3
75–89 3 3 0

Gender
Male 33 29 4 0.025 1
Female 7 6 1

HIV infection
Yes 10 8 2 0.686 .408
No 30 27 3

HHV8 infection
Yes 35 30 5 0.494 .482
No 3 3 0

Stage
Patch/plaque 16 14 2 0 1
Nodule 24 21 3

Course of disease years
�1 25 24 1 4.404 .056
>1 15 11 4

Lesion area
�5% 26 23 3 0.063 1
>5% 14 12 2

Lesion location
Visceral 10 6 4 9.219 .01
Skin 30 29 1

Job type
Indoor worker 21 21 0 6.316 .018
Outdoor worker 19 14 5

Nation
Uygur 29 25 4 0.636 .888
Han 3 3 0
Kazak 7 6 1
Siberia 1 1 0

HHV8=human herpesvirus 8, HIV=human immunodeficiency virus, PTEN=phosphate and tension
homology deleted on chromosome ten.

Lu et al. Medicine (2018) 97:35 Medicine
5. Conclusions

In vitro, miR-126 negatively regulated AKT1 expression, but did
not influence the expression of PTEN. In KS tissue, P-PTEN was
highly expressed but P-AKT expression was not observed. We
speculate that AKT1 activation was negatively regulated by
PTEN and that PTEN/PI3K/AKT signaling was not the only
influence on the growth of KS. The lack of P-AKT expression in
KS suggested the absence of malignant proliferation or that
malignancy was regulated by other growth factors. Sunlight did
not affect the growth of KS. PTENmay be a therapeutic target for
KS, while AKT inhibitors may not be suitable for the treatment of
KS. The regulation of miR-126 on AKT and PTEN in vivo needs
further study.
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