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Abstract Kaposi’s sarcoma (KS) is a multicentric
angioproliferative tumor of mesenchymal origin. The molec-
ular and biologic aspects of KS are not fully understood.
MicroRNAs are non-protein-coding small RNAs in the size
range 19–25 nucleotides (nt) that play important roles in
biological processes, including cellular differentiation, prolif-
eration, and death. We performed a miRNA microarray anal-
ysis by detecting six paired KS and matched adjacent healthy
tissues using the 7th generation of miRCURYTM LNA Array
(v.18.0) (Exiqon) containing 3100 capture probes. We select-
ed 10 significant differentially expressed miRNAs, which
were confirmed by quantitative real-time reverse transcription
polymerase chain reaction (qRT-PCR) in 18 paired KS and
matched adjacent healthy tissue specimens. We also investi-
gated the associations between clinical features and miRNA
expression. Among the 3100 human miRNA probes in the
microarrays, we identified 170 differentially expressed
miRNAs (69 upregulated and 101 downregulated miRNAs)
in KS versus adjacent healthy tissues. Among the most

significantly upregulated miRNAs were miR-126-3p, miR-
199a-3p, miR-16-5p, and the 13 KSHV-related miRNAs.
The most significantly downregulated miRNAs included
miR-125b-1-3p and miR-1183. Eight upregulated miRNAs,
miR-181b-5p, miR-199a-3p, miR-15a-5p, miR-126-3p, miR-
1297, kshv-miR-k12-12-3p, kshv-miR-k12-1-5p, and miR-
16-5p, and two downregulated miRNAs, miR-125b-1-3p
and miR-1183, were confirmed by qRT-PCR in 18 paired
KS samples. The qRT-PCR results for 10 miRNAs were
consistent with our microarray results. The miR-125b-1-3p
and miR-16-5p had statistically significant associations with
HHV-8 and HIV infections in KS. The results of miRNA
profiling showed that KS appears to have unique expression
patterns when compared with paired adjacent healthy tissues,
suggesting that deregulation of miRNAs plays an important
role in the progression of KS. These differentially expressed
miRNAs may provide novel diagnostic and prognostic tools.
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Introduction

MicroRNAs (miRNAs) are small (19–25 nucleotides; nt),
single stranded non-protein-coding RNAs that play a role in
many biological processes [1]. MiRNAs regulate target
mRNA expression by binding to complementary sequences
of their target mRNA genes in the 3′-untranslated regions [2].
The functions of miRNAs include signal transduction, cell
differentiation, cell proliferation, and apoptosis [3–6]. The
role of miRNAs in cancer is important, and they include
oncogenic/tumor suppressor miRNAs, and those involved in
regulation of proliferation, angiogenesis, etc. MiRNAs gener-
ally have specific expression profiles in cancer [7], and
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therefore miRNAs can serve as markers for diagnosis and the
response to therapy.

Kaposi’s sarcoma (KS) is a multicentric angioproliferative
tumor of mesenchymal origin [8, 9]. The disease was first
described in 1872 by Moritz Kaposi, and it mostly affects
elderly men of Italian, Jewish, or Mediterranean origin [10,
11]. Xinjiang is a multiethnic gathering place in China with a
population that includes Uyghur (45.7 %), Han (39.7 %),
Kazakh (7 %), and Hui (4.5 %) ethnic groups [12]. More than
90% of KS cases in China have occurred in Xinjiang [13–15].
A recent report described a clinical study of 105 KS cases
between January 1997 and April 2013 in Xinjiang, China. The
cases comprised 77 classic KS (CKS) and 28AIDS-associated
KS (AIDS-KS). Among them, 80 patients were Uyghur men
and 11 patients were Uyghur women; the disease seldom
occurred in Kazakh (eight men and three women), Hui (1
man), Xibo (1 man), and Han (1man) ethnic groups. The
prevalence of human herpesvirus 8 (HHV-8) was very high
(98.98 %) [16].

Many studies have demonstrated that HHV-8, also known
as Kaposi’s sarcoma (KS)-associated herpesvirus (KSHV), is
the pathogen involved in KS [17]. Interestingly, the seroprev-
alence of HHV-8 in the general population of Uyghur and
Kazakh people is not high, but KS is commonly seen among
people of these ethnicities [17]. Owing to the lack of genomics
research, the pathogenesis of KS in this population is unclear.

The particular geography, environment, and ethnic compo-
sition may have led to the specific characteristics of KS in
Xinjiang, which may also be embodied in the miRNA expres-
sion profile in KS tissues. To discover diagnostic and thera-
peutic targets for KS, we first investigated the expression
profile of miRNAs in six paired KS and matched adjacent
healthy tissues. Subsequently, we verified the 10 obvious
differentially expressed miRNAs using real-time quantitative
reverse transcription-polymerase chain reaction (qRT-PCR) in
18 pairs of KS and matched adjacent healthy tissues. The
associations between miRNA expression and clinical features
were also analyzed.

Materials and methods

Specimen collection

Diseased tissue samples from patients with KS and matched
adjacent healthy tissues were obtained from surgical speci-
mens immediately after resection, from January 2012 to Sep-
tember 2013 in the Department of Dermatology, People’s
Hospital of the Xinjiang Uyghur Autonomous Region, China.
The samples were flash frozen in liquid nitrogen and stored at
−180 °C until RNA extraction. Among these samples, 6 KS
and matched adjacent healthy tissues were used for miRNA
microarray analysis and 18 pairs of KS and adjacent healthy

tissues were using for qRT-PCR analysis. The tumor speci-
mens underwent histological examination to confirm the di-
agnosis, establish the pathological stage, and detect HHV-8
infection. Written consent for tissue donation (for research
purposes) was obtained from the patients before tissue collec-
tion, and the protocol was approved by the Institutional Re-
view Board of the People’s Hospital of the Xinjiang Uyghur
Autonomous Region.

miRNA microarray analysis

miRNA microarray

The 7th generation of miRCURYTM LNA Array (v.18.0)
(Exiqon, Copenhagen, Denmark) contains 3100 capture
probes, covering all human, mouse, and rat microRNAs an-
notated in miRBase 18.0, as well as all viral microRNAs
related to these species. In addition, this array contains capture
probes for 25 miRPlus™ human microRNAs.

RNA extraction

Total RNA was isolated using TRIzol (Invitrogen, Carlsbad,
CA, USA) and a miRNeasy mini kit (Qiagen, Hilden, Germa-
ny) according to the manufacturer’s instructions. This effi-
ciently recovered all RNA species, including miRNAs. The
quality and quantity of RNAweremeasured using a Nanodrop
spectrophotometer (ND-1000, Nanodrop Technologies), and
RNA integrity was determined by gel electrophoresis.

RNA labeling

After isolation of RNA from the samples, the miRCURY™
Hy3™/Hy5™ Power labeling kit (Exiqon, Copenhagen, Den-
mark) was used according to the manufacturer’s guidelines for
miRNA labeling. One microgram of each sample was 3′-end-
labeled with Hy3TM fluorescent label, using T4 RNA ligase
and the following procedure. RNA in 2.0 μL of water was
combined with 1.0 μL of CIP buffer and CIP (Exiqon). The
mixture was incubated for 30 min at 37 °C, and was termi-
nated by incubation for 5 min at 95 °C. Subsequently, 3.0 μL
of labeling buffer, 1.5 μL of fluorescent label (Hy3TM), 2.0 μL
of DMSO, and 2.0 μL of labeling enzyme were added to the
mixture. The labeling reaction was incubated for 1 h at 16 °C,
and terminated by incubation for 15 min at 65 °C.

Array hybridization

After stopping the labeling procedure, the Hy3TM-labeled
samples were hybridized on the miRCURYTM LNA Array
(v.18.0) (Exiqon) according to the array manual. The total
25-μL mixture from Hy3TM-labeled samples, with 25-μL
hybridization buffer, was first denatured for 2 min at 95 °C,
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incubated on ice for 2 min and then hybridized to the micro-
array for 16–20 h at 56 °C in a 12-Bay Hybridization System
(Hybridization System-Nimblegen Systems, Inc., Madison,
WI, USA). Following hybridization, the slides were washed
several times using a Wash buffer kit (Exiqon). The slides
were scanned using an Axon GenePix 4000B microarray
scanner (Axon Instruments, Foster City, CA).

Data analysis

Scanned images were imported into GenePix Pro 6.0 software
(Axon) for grid alignment and data extraction. Replicated
miRNAs were averaged, and miRNAs with intensities ≥30
in all samples were chosen for calculation of the normalization
factor. The data were normalized using the median normali-
zation. Only those with a greater than twofold increase or
twofold decrease in expression in two paired samples and
with p<0.05 were considered significantly changed [18, 19].

miRNA real-time RT-PCR quantification

The miRNA levels were determined by quantitative real-time
reverse transcription polymerase chain reaction (qRT–PCR)
using miScript SYBRTM Green mastermix (Exiqon) per-
formed on complementary DNA (cDNA) generated from
1 μg of total RNA. Briefly, total RNA was extracted using
TRIzol Reagent (Invitrogen) from clinical KS samples. The
cDNAs were synthesized from total RNA using gene-specific
primers. The reverse transcriptase reactions contained 700 ng
RNA sample, 50 μM/μL stem–loop RT primer, 10×RT buff-
er, 2.5 mmol/L each of the dNTPs, 200 U/μL MMLV reverse
transcriptase, and 40 U/μL RNase inhibitor. The 20 μL reac-
tions were incubated for 30 min at 16 °C, 30 min at 42 °C,
5 min at 85 °C, and then held at 4 °C. The 10-μL PCR
reactions included 2-μL RT product, 2×PCR master mix,
and 1-μL primers. Reactions were incubated in a 96-well
optical plate at 95 °C for 10 min, followed by 40 cycles at
95 °C for 10 s and 60 °C for 1 min. The PCR reactions were
run on a ViiA 7 Real-time PCR System (Applied Biosystems),
and U6 small nuclear RNAwas used as an internal control to
normalize RNA input. The relative amounts of miRNAs were

normalized against U6 snRNA, and the fold change for each
miRNA was calculated by the 2–△△CT method [20]. The RT
primer and qRT-PCR primer sequences were designed on the
basis of the miRNA sequences obtained from the miRBase
database (Supplementary data Tables 1 and 2). For the melting
curve and amplification curve analyses, see Supplementary
Figures 1 and 2.

HHV-8 immunohistochemistry

Fixed, paraffin-embedded tissue sections were examined
immunohistochemically using the mouse monoclonal anti-
body to HHV-8 [LN35] (1:50; Abcam, Cambridge, UK).
Tissue sect ions were stained with an automated
immunostainer (BenchMark XT) using heat-induced epitope
retrieval and a standard DAB detection kit (Ventana).

Statistical analysis

Analysis of the qRT-PCR data involved comparison of the CT
values between tumor and normal tissue adjacent to tumors
using the paired t test. Statistically significant associations
between clinical features and the fold change in miRNA
expression were evaluated using one-way analysis of variance
or t test. A P value<0.05 was considered statistically signifi-
cant. All calculations were performed using Statistical Pro-
gram for the Social Sciences (SPSS Inc., Chicago, IL, USA)
software 17.0.

Results

Patient characteristics

The specimens for miRNA microarray analysis were all ob-
tained from patients with CKS. The 18 specimens used for
qRT-PCR included cases of CKS and AIDS-KS. Their details
are shown in Table 1. Tumor specimens underwent histolog-
ical examination to confirm the diagnosis and for HHV-8
staining (see Fig. 1). Data were recorded on patient age and
gender; multifocal or single onset KS; how long since KS had

Fig. 1 Clinical data, histological traits, and HHV-8 staining of KS lesions. a KS lesions. b Histological findings on KS lesions. c HHV-8 staining
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Fig. 2 miRNAs deregulated in KS as detected bymicroRNAmicroarray.
Six pairs of KS and matched normal tissues were analyzed by the 7th
generation of miRCURY™ LNA Array (v.18.0). Unsupervised hierar-
chical cluster analysis of miRNA expression in six patients with KS.
Rows: miRNAs; columns: cases. The analysis showed that two chips in

each case were consistent. For each miRNA, red represents higher
expression and blue represents lower expression than the average. XJ-
100, sample 1; XJ-111, sample 2; XJ-113, sample 3; XJ-114, sample 4;
XJ-115, sample 5; XJ-117, sample 6. M: KS tumor; C: matched adjacent
healthy tissues. Red words represent the 10 verified miRNAs
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been diagnosed; general area of lesion; tumor location; tumor
stage; and HHV-8 infection. The male-to-female ratio was
17:1 (17/1). The mean age at the time of KS diagnosis was
60.1±14.1 (range=29–79) (CKS 67.7±9.2, AIDS-KS 48.0±
11.9) years. The median age at onset of morbidity was 58.2±
14.0 (range=29–78) (CKS 64.9±11.0, AIDS-KS 47.6±11.9)
years. The duration of disease was 24.2±33.8 (range=1–132)
(CKS 36.3±39.1, AIDS-KS 5.3±2.8) months. In the 11 cases
of CKS, the viral (HHV-8) prevalence was 81.82 % (9/11).
Among the seven cases of AIDS-KS, six patients were infect-
ed with HHV-8 (85.71 %). Three patients had KS accompa-
nied by syphilis, and two patients had lymph node
involvement.

Expression profiling of miRNAs in KS

To identify deregulated miRNAs associated with KS, we used
miRNA microarray assay on paired tissues from six patients
with KS. Using the miRNA microarray, we identified the
miRNAs that were differentially expressed in the paired sam-
ples. Only miRNAs that were altered by at least twofold in at
least two of the samples were considered significant candi-
dates. Among the 3100 human miRNA probes in the micro-
arrays, we identified 170 differentially expressed miRNAs (69
upregulated and 101 downregulated miRNAs) in KS versus
normal skin adjacent to the tumors. The most significantly
upregulated miRNAs were miR-126-3p, miR-199a-3p, and

miR-16-5p. There were 25 KSHV-related miRNAs in the
miRNA microarray. We detected 13 upregulated KSHV-
related miRNAs, kshv-miR-K12-3-5p, kshv-miR-K12-9-3p,
kshv-miR-K12-2-5p, kshv-miR-K12-12-3p, kshv-miR-K12-
4-5p, kshv-miR-K12-10a-5p, kshv-miR-K12-11-3p, kshv-
miR-K12-8-3p, kshv-miR-K12-7-3p, kshv-miR-K12-4-3p,
kshv-miR-K12-5-3p, kshv-miR-K12-6-5p, and kshv-miR-
K12-1-5p. Among the most significantly downregulated
miRNAs were miR-125b-1-3p and miR-1183. Heat maps
depict the differentially expressed miRNAs from six paired
tissues from patients with KS (see Fig. 2). All raw and nor-
malized miRNAs expression data are available from the GEO
publicly accessible server (http://www.ncbi.nlm.nih.gov/geo/)
with the accession number: GSE55625.

qRT-PCR validation

To validate the results of the microarray data, we first exam-
ined the expression of eight upregulated miRNAs (miR-181b-
5p, miR-199a-3p, miR-15a-5p, miR-126-3p, miR-1297,
kshv-miR-k12-12-3p, kshv-miR-k12-1-5p, miR-16-5p) and
two downregulated miRNAs (miR-125b-1-3p and miR-
1183) by qRT-PCR in the same six paired KS tissues used
for the microarray. Further, we validated the 10 miRNAs by
qRT-PCR in the fresh tissues from additional patients, com-
prising 12 case–control pairs. The total validation rate was
100 % when comparing the qRT-PCR with the microarray.

Table 1 Characteristics of patients with KS studied by miRNA microarray and qRT-PCR

Identifier Gender Age at the time
of KS diagnosis

Age at morbidity
(year)

Duration of
disease(months)

Tumor location Area of lesion Form HHV-8 Stage

100 M 68 65 48 ⑤⑨ 5 %<lesions ≤10 % CKS N Patch

111 M 78 77 12 ⑤⑨ 1 %<lesions ≤5 % CSK P Patch

113 M 63 63 8 ③④⑤⑧⑨ 10 %<lesions ≤30 % CKS P Nodule

114 M 69 64 60 ①②③④⑤⑥ 10 %<lesions ≤30 % CKS P Nodule

115 M 63 63 8 ⑤⑨ 5 %<lesions ≤10 % CKS P Nodule

116 M 54 54 4 ⑤⑨ 1 %<lesions ≤5 % AIDS-KS P Plaque

117 M 78 74 48 ⑧⑨ 1 %<lesions ≤5 % CKS P Patch

118 M 64 64 3 ②③⑦⑧ 1 %<lesions ≤5 % AIDS-KS P Patch

121 M 69 64 60 ⑤⑨ 5 %<lesions ≤10 % CKS N Plaque

122 M 49 38 132 ⑤⑨ 5 %<lesions ≤10 % CKS P Patch

123 M 46 45 10 ②⑤⑥⑨ 1 %<lesions ≤5 % AIDS-KS P Nodule

124 M 79 78 12 ⑤ Lesions ≤1 % CKS P Nodule

125 W 71 70 10 ⑤⑨ 5 %<lesions ≤10 % CKS P Patch

126 M 58 58 1 ②⑨ Lesions ≤1 % CKS P Nodule

127 M 59 58 8 ⑤⑨ Lesions ≤1 % AIDS-KS P Nodule

128 M 43 43 3 ②③④⑤⑧⑨ Lesions ≤1 % AIDS-KS P Nodule

129 M 29 29 3 ⑨ Lesions ≤1 % AIDS-KS N Plaque

130 M 41 40 6 ②③④⑤⑧⑨ Lesions ≤1 % AIDS-KS P Nodule

Samples from all patients were used for qRT-PCR, but onlythose with identifiers 100,111,113,114,115 and 117 were used for the miRNA microarray

M man, W women, N negative, P positive, ① head, ② faciocervical, ③ trunk,④ upper limb,⑤ lower limbs, ⑥ mouth, ⑦ vulva, ⑧ hand, ⑨ foot
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The Supplementary Table 3 shows the results of the microar-
ray and qRT-PCR. The levels of miR-181b-5p, miR-199a-3p,
miR-15a-5p, miR-126-3p, miR-1297, kshv-miR-k12-12-3p,
kshv-miR-k12-1-5p, and miR-16-5p were upregulated and
those of miR-125b-1-3p and miR-1183 were downregulated
in the tissues from KS specimens when compared with
matched normal tissues (p<0.05). The qRT-PCR results for
the 10 miRNAs were consistent with our microarray results
(see Fig. 3). As shown in Figure 3, the expression levels of the
10 miRNAs were significantly different in KS and matched
adjacent healthy tissues. We also compared the results
between qRT-PCR and microarray for the 10 significant
differentially expressed miRNAs, using the same six pairs of
tissue samples. This also showed the consistency of the results

between qRT-PCR and microarray (see Supplementary
Figure 3).

Associations between levels of the 10 miRNAs and clinical
data from patients with KS

In order to investigate the clinical correlates of the 10
miRNAs, we analyzed the relationships between the levels
of expression of the 10 miRNAs in KS tissues and clinical
data on the patients with KS (see Table 2). As shown in
Table 2, there was no statistically significant difference in
expression of miR-125b-1-3p and miR-16-5p in association
with the clinical data, except for HHV-8 and HIV infections
(see Fig. 4). The other eight miRNAs showed no statistically

Fig. 3 The levels of expression of 10 miRNAs measured using miRNA
microarray and qRT-PCR. Expression patterns of miR-125b-1-3p (a),
miR-1183 (b), kshv-miR-K12-12-3p (c), miR-1297 (d), miR-199a-3p
(e), miR-15a-5p (f), miR-126-3p (g), miR-16-5p (h), miR-181b-5p (i),
and kshv-miR-K12-1-5p (j) in tumor and matched adjacent healthy

tissues. The left most two bars of each panel show miRNA validated by
quantitative reverse-transcriptase PCR (qRT-PCR) in 18 pairs of KS
tissues. C: matched adjacent healthy tissues; T: KS tumor. Data are
means±SE; *p<0.05 compared with matched adjacent healthy tissues
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significant difference in expression in association with the
clinical data.

Discussion

In recent years, miRNAs have become known as important
regulators of protein expression. Being involved in the ex-
pression of many genes, miRNAs are related to the initiation
and progression of various cancers [21]. Many studies have
indicated that some miRNAs are disordered in human cancer,
which demonstrates that miRNAs may play an important role
in tumorigenesis [22]. Some miRNAs have tissue-specific or
disease-specific expression profiles [7, 23]. One study report-
ed six pregnancy-associated miRNAs as biomarkers for the
diagnosis and prognostication of fetal neural tube defects [19].
In this case, a diagnosis made in the first trimester allows early
intervention. In general, the identification of biomarkers for
diagnosis and therapy is very important.

Currently, the pathogenesis of KS is not very clear. In this
study, we identified differences in miRNA profiles between
six KS tissues and their matched adjacent healthy tissues, and
we also analyzed the associations between the level of expres-
sion of 10 dysregulated miRNAs and the clinical data from
patients with KS.

The results clearly identified 170 differentially expressed
miRNAs, of which 69 were upregulated and 101 downregu-
lated between KS and matched adjacent healthy tissues.
Among the obviously differentially upregulated miRNAs
were miR-126-3p, miR-199a-3p, miR-16-5p, and the 13
KSHV-related miRNAs. The downregulated miRNAs includ-
ed miR-125b-1-3p and miR-1183. In further validation by
qRT-PCR, the expression of 10 miRNAs (miR-181b-5p,
miR-199a-3p, miR-15a-5p, miR-126-3p, miR-1297, kshv-
miR-k12-12-3p, kshv-miR-k12-1-5p, miR-16-5p, miR-125b-
1-3p, and miR-1183) agreed with that shown by the microar-
ray assay.

In this study, our miRNAmicroarray results partially agree
with the findings of Ene [24] and O’Hara [25]. O’Hara de-
tected the levels of 84 mature miRNAs using a qRT-PCR-
based miRNA array. The results showed that miR-143/145
was a novel KS tumor-upregulated miRNA biomarker and
that miR221/222, miR-155, miR-220, and let-7 family were
downregulated in KS. However, in our study, miR-221, miR-
143, miR-200a-3p, miR-200c-3p, let-7g-5p, let-7d-5p, and
let-7f-5p were upregulated in KS. The levels of miR-200
and let-7 in O’Hara’s study were contrary to our results. In
addition, we did not detect miR-145, miR-222, and miR-155.

The results of Ene’s study [24] demonstrated 185 differen-
tially expressed miRNAs, among which 76 were upregulated
and 109 were downregulated, between 17 formalin-fixed par-
affin-embedded KS samples and three KSHV-negativeT
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normal FFPE samples. The authors used a miRNAMicroarray
Kit V2 platform (containing 723 human and 76 human viral
miRNAs from the Sanger database, v.10.1). The most signif-
icantly downregulated miRNAs were miR-99a, the miR-200
family (miR-200a, b, c, miR-141, and miR-429), miR-199b-
5p, miR-100, miR-335, and the let-7 family (let-7a to let-7i);
kshv-miR-K12-4-3p, kshv-miR-K12-1, kshv-miR-K12-2,
kshv-miR-K12-4-5p, kshv-miR-K12-8, kshv-miR-k12-6-3p,
kshv-miR-6-5p, kshv-miR-6-3p, kshv-miR-K12-6-5p, kshv-
miR-K12-3, kshv-miR-K12-11, and kshv-miR-K12-7 were
significantly upregulated. In our study, miR-221, miR-199b-
5p, miR-200a-3p, miR-200c-3p, let-7g-5p, let-7d-5p, let-7f-
5p, and 13 KSHV-related miRNAs were upregulated. More-
over, we did not detect miR-99a, miR-222, miR-100, miR-
200b, miR-141, miR-429, miR-335, and some let-7 family
members. The level of expression of nine KSHV-related
miRNAs in our study was identical to Ene’s results. Possible
reasons for the similarities and differences between studies are
differences in the number of miRNAs analyzed, differences in
the patient population, and the different miRNA platforms.
The miRNA expression profile in patients with KS from the
Xinjiang area in China may be significantly altered and show
apparent regional features. Our results provide new un-
derstanding of the pathogenic mechanism of KS in the
Xinjiang area.

We selected 10 miRNAs for qRT-PCR validation. MiR-
181b-5p, miR-199a-3p, miR-15a-5p, miR-1297, and miR-16-
5p were upregulated, and miR-125b-1-3p and miR-1183 were
downregulated in KS samples compared with controls. Many
studies have indicated that these miRNAs are involved in the
development, progression, treatment, prognosis, or suppres-
sion of angiogenesis in some tumors [26–31]. In Li’s [32]
study, the overexpression of miR-1297 promoted carcinoma
cell proliferation. Moreover, it was found that phosphatase
and tensin homologue gene (PTEN) is a novel and crucial
tumor suppressor target gene of miR-1297. PTEN is
expressed in KS and contributes to the activation of the
PI3KAkt-mTOR pathway and reduces colony formation in
KS [33].

MiR-126 regulates vascularization, and is encoded by in-
tron 7 of the epidermal growth-factor-like domain 7 (Egfl7)
gene [34]. It was discovered to be downregulated in lung,
breast, oral, pancreatic, stomach, cervical, bladder, and pros-
tate cancers and has been considered as a suppressor gene; the
mechanism involves repression of VEGF-A expression
[35]. Moreover, VEGF has an important role in KSHV
pathogenesis and is a molecular biomarker of KS le-
sions [36]. However, in our study, the expression of
miR-126 was upregulated, and its function has not been
determined in KS. It may promote the growth of KS by
increasing VEGF-A expression.

KSHV-miR-K12-11-3p (23.1-fold increase) and kshv-
miR-K12-1-5p (19.6-fold increase) were the genes with the
most significant differential expression in our study. K12 (the
Kaposin gene) is a latent gene that is activated during lytic
replication of KSHV and maintains latent KSHV infection
during KSHV-induced oncogenesis [37]. KSHV-miR-K12-
11 provides a unique model for studying tissue-specific gene
regulatory networks involved in viral infection and pathogen-
esis. It has been shown to have similar seed sequences and
functional targets to miR-155 [38, 39].

We identified 10 disordered miRNAs in 18 KS case–con-
trol tissue pairs and investigated the clinical associations of the
10 miRNAs. Only miR-125b-1-3p and miR-16-5p had statis-
tically significant associations with HHV-8 and HIV infec-
tions in KS. The other eight miRNAs showed no statistically
significant difference in miRNA expression in association
with the clinical data. It may be that HHV-8 and HIV infec-
tions promote the level of expression of miR-125b-1-3p and
miR-16-5p.

In summary, the current study has identified differentially
regulated miRNAs that are involved in the pathogenesis of
KS. We verified 10 dysregulated miRNAs in 18 KS case–
control tissue pairs and confirmed the results of the microarray
assay. These miRNAs may be useful biomarkers for KS. The
miR-125b-1-3p and miR-16-5p showed statistically signifi-
cant associations between HHV-8, HIV infection, and KS.
Although the current results have revealed the miRNA profile

Fig. 4 (a) Dot plot showing individual values of miR-16-5p for HIV-negative and HIV-positive patients. b Dot plot showing individual values of miR-
125b-1-3p for HHV-8-negative and HHV-8-positive patients
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of KS, further investigations are necessary to understand the
regulatory mechanisms of these miRNAs in KS.
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