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SUMMARY
Kaposi’s sarcoma (KS) is one of the most frequent transplant related
tumors. Several pathways are involved; however, the impact of the molecular phenotype associated to the tumor stage and the behavior-depending
resultant therapy is still unknown. The aim of our study was to analyze the
role of HHV-8 and mTOR pathway in tumor stages of skin KS after renal
transplantation. Twelve renal transplant recipients with cutaneous KS from
five transplant centers (1980–2007) under reduction of immunosuppression or conversion to mTOR inhibitor were included. The expression of
HHV-8, PTEN, TGFb, VEGF, phospho-mTOR, and phospho-P70S6K in
tumoral tissue was analyzed. KS lesions were classified as patch, plaque,
and nodule state. HHV-8 infection was found in all tissue samples. KS
lesions showed high activation of VEGF, p-mTOR and p-P70S6K, low
PTEN, and null TGFb expression. The only pathway activated in a stagingdependent manner was mTOR with higher p-mTOR and p-P70S6K expression in nodule versus patch stage. KS lesions disappeared after
5.24 months in all converted patients without any recurrence in
14.05 years of mean follow-up. The activation of mTOR pathway according to KS stages supports the rational of the mTOR inhibitor in posttransplant Kaposi.
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Introduction
Kaposi’s sarcoma (KS) incidence in transplant recipients
is dramatically increased 500-fold compared to agematched controls [1]. KS is a multifocal vascular neoplasm strongly linked to infection by human herpes
virus 8 (HHV-8) [2], and seropositive recipients
have 50-fold higher risk of KS than uninfected recipients [3–5]. Additionally, other factors have been related
with KS; age higher than 60 years old, male sex,
end-stage renal disease, and the inherent risk of transmission related with chronic renal disease on dialysis
who receive HHV-8 blood transfusions [6,7]. HLA-B
mismatching has been shown as a risk factor in the
USA, highlighting the role of immunosuppression and
immune stimulation in KS pathogenesis [8]. In this
context, the high prevalence of KS post-transplant suggests an important role of interactions between viral
infection, the immune system, and host factors.
The alteration of the immune surveillance system
during the immunosuppressive therapy as well as the
pro-angiogenic mechanisms independent of the host
immunity favored by calcineurin inhibitors, through
vascular endothelial growth factor (VEGF) and transforming growth factor b (TGFb), has been proposed as
oncogenic mechanisms for KS in transplant recipients
[9–11]. The traditional approach to managing transplant-associated Kaposi’s sarcoma was to reduce or even
discontinue immunosuppressive therapy; skin lesions
usually regressed; however, it carried a risk of graft
rejection. Kaposi’s sarcoma generally recurred when
immunosuppressive therapy was reintroduced or after a
second transplantation [12].
On the other side, Montaner et al. [13] proposed
another mechanism of carcinogenesis for the development of KS, through a single lytic gene of the HHV-8,
viral receptor coupled to the protein G (vGPCR), which
is able to produce vascular tumors in mouse models.
This receptor activates AKT, which has been recognized
as an essential kinase to link PI3K and mammalian target of rapamycin (mTOR) pathways [14].
The mTOR pathway is a critical intracellular route in
the regulation of several cellular processes including cell
proliferation and survival, cell size and response to
nutrient availability, intermediary metabolism, angiogenesis, and tissue invasion [15]. The mTOR acts by
directly activating P70S6 kinase (P70S6K), a primary
downstream effector of mTOR that regulates protein
synthesis. In KS mouse models and AIDS, KS has
shown elevated levels of P70S6K, and its level of expression has been used as a predictor of early tumor
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response to the mTOR inhibition sarcomas in nontransplant patients [16,17].
There are clinical evidences about mTOR inhibition
and skin KS regression being safe for the transplant
patient without loss of the renal graft [18,19]. Furthermore, several markers have been proposed as markers
of the mTOR pathway activity and its activity as a marker or mTOR inhibition responses, including the
P70S6K, the phosphatase and tensin homolog deleted
on chromosome ten (PTEN), a tumor suppressor protein, and TGFb.
The aim of our study was to analyze the role of
HHV8 and mTOR pathway in tumor staging of KS as a
predictor of long-term graft and patient survival and
the sensitivity to mTOR inhibitor therapy.

Materials and methods
Study population
HIV-negative renal transplant patients who received a
renal graft in five transplant centers in Spain between
1980 and December of 2007 and developed cutaneous
KS at least 1 month after transplantation were analyzed.
Patients who developed visceral KS and those with cutaneous KS and without enough sample for the complete
immunohistochemical analysis were excluded. The
immunosuppressive management after KS depended on
era and transplanting center: reduce or eliminate calcineurin inhibitor (immunosuppression reduction
group) versus conversion to mTOR inhibitor (conversion group). In the reduction group, the calcineurin
inhibitor was reduced or eliminated. Conversion strategy
was planned within 2 weeks after KS diagnosis. The decision of use a rapamycin loading dose was based on clinical practice of each center to achieve rapamycin blood
levels between 4 ng/ml and 8 ng/ml. The patient followup was conducted according to each center clinical practice until KS diagnose. Then, a dermatologist performed
KS follow-up every 3 months. Transplant physician
intensified the follow-up to the immunosuppressive
management and achieve immunosuppressive target
levels. The follow-up of the study was conducted until
September of 2015. The study was approved by the local
ethics committees in Spain and was performed in accordance with the declarations of Helsinki and Istanbul.

Histology
The primary tumor specimens were obtained from the
tumor bank of each center. Tissue sections (3-lm-thick)
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were mounted on HistoBond adhesion microslides,
dewaxed, and rehydrated. Hematoxylin/eosin (H/E) was
performed in one from every five slices to check the adequate orientation of the preparation. H/E was performed
to localize the most important types of cells, vessels, and
muscle fibers as well as to differentiate muscle fibers,
cells nuclei, fibrin, and collagen (data not shown).
The KS was diagnosed in all cases by histopathological evaluation after H/E staining. KS lesions were classified as patch, plaque, and nodule state.

Immunohistochemistry
Sections (3-lm-thick) mounted on xylene glass slides
(Dako, Carpinteria, CA, USA) were used for immunohistochemistry. All procedures were performed as previously published by our group [20,21]. After antigen
retrieval carried out by 5 min pressure-cooking in
10 mM sodium citrate buffer (pH 6.0), endogenous
peroxidase blocking for 10 min in 3% hydrogen peroxide (Merck, Darmstadt, Germany) was performed before
primary antibody incubation.
The primary antibodies were anti-HHV-8 (Adv.
Biotechnologies Inc., Columbia, MD, USA), anti-PTEN,
anti-phospho-mTOR (Ser 2448) (p-mTOR), and antiphospho-P70S6K (Thr389) (p-P70S6K) from Cell Signaling (Beverly, MA, USA); anti-TGFb(Clone TGFB21)
and anti-VEGF (Chemicon, Millipore corp., Billerica,
MA, USA). The distinct primary antibodies used in this
study were incubated overnight at 4 °C except for antiHHV-8 that was incubated for 60 min at room temperature. Envision system-specific anti-rabbit secondary antibodies, labeled with horseradish peroxidase polymer
(Dako, Glostrup, Denmark), were applied for 30 min.
All sections were counterstained with Mayer’s hematoxylin for 1 min. Immunohistochemical procedures for
each antibody were performed at the same time to avoid
possible day-to-day variations in staining performance.
Controls for specificity of immunohistochemistry
were performed by omitting any essential step of the
immunoreaction or by substituting the primary antibody with an equivalent concentration of nonimmune
immunoglobulin. The analysis of the samples was performed independently by two different experienced
observers blinded to the tumor pattern and to the
patient outcome. A semiquantitative method was performed to evaluate extension of positivity of these proteins in the cytoplasm and nucleus of tumoral cells and
epidermal cells adjacent to the tumor based on the following categories: (0) absence, (1) low (<25%), and (2)
high expression (>25%).
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Statistical analysis
Statistical analysis was performed using Graph Pad Prism
version 5 (GraphPad Software Inc., San Diego, CA, USA)
or the IBM SPSS 19.0 statistics package (IBM, Armonk,
NY, USA). Data are expressed as the mean  standard
deviation and were analyzed using nonparametric t-test
(Mann–Whitney U-test). Univariate analysis using the
log-rank test was conducted to visualize (Kaplan–Meier
curves) and assess graft and patient survival (time from
kidney transplantation to graft lost, and to death or last
follow-up, respectively) in the longitudinal cohort of
patients with KS. All presented P values are two-sided,
and P < 0.05 was considered to be statistically significant.

Results
Immunosuppression and clinical outcome
The mean incidence of cutaneous KS in the five centers
analyzed was 0.25% in the period of study. Twelve renal
transplant patients with KS lesions were included
(Table 1). Eleven patients received calcineurin inhibitor
(tacrolimus–cyclosporine: 3–8 patients) treatment in the
first month of transplant, and only one patient received
an anticalcineurinic-free treatment with antilymphocytic
antibodies. Seven patients were on mycophenolic acid
and 5 on azathioprine, and all of them were on prednisone as coadjuvant therapy. The median time of KS
onset after renal transplantation was 8.5 months (min–
max: 5–282 months). The mean age at the time of KS
diagnosis was 65 years (range: 49–76 years), and 75% of
the patients were male.
The patients developing KS before the year 2000 (n = 6)
were treated with a reduction of immunosuppression,
which caused in all cases loss of the graft (min–max: 1–
36 months). In reduction group, calcineurin inhibitors
and azathioprine, four and one patients respectively, were
discontinued by a short withdrawal interval of 2 weeks,
and mycophenolate reduced. Two patients died with functioning graft 2.5 months due to cardiovascular and terminal liver disease. The remaining patients return to dialysis
died related to cardiovascular reasons (3/4) or sepsis (1/4).
None patient died due to KS. The patients presenting with
KS after the year 2000 (n = 6) were switched to rapamycin
as a strategy for skin KS treatment. In four out six patients
the calcineurin inhibitors elimination and mTOR inhibitor
introduction were performed within 2 weeks. In two converted patients, rapamycin was introduced with calcineurin
inhibitors withdrawn in a longer time. Fifty percentage of
patients received rapamycin loading dose, and all patients
Transplant International 2016; 29: 1008–1016
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Table 1. Patient demographics and baseline characteristics.

Mean age at KS  SD (years)*
Male gender, n (%)†
Smoking habit, n (%)†
Hypertension, n (%)†
Diabetes, n (%)†
Dyslipidemia, n (%)†
Cardiovascular disease, n (%)†
Etiology of CKD, n (%)‡
Poliquistosis
Glomerulopathy
Interstitial nephropathy
Unknown
Time on dialysis (months)*
Previous transplants, n (%)†
0
1
Immunosuppression at KS†
CNI, n (%)
AZA/MMF, n (%)

Conversion group (n = 6)

Reduction group (n = 6)

P-value

67.83  3.37
4 (66.7)
2 (33.3)
6 (100)
1 (16.7)
5 (83.8)
1 (16.7)

62.33  8.87
5 (83.3)
4 (66.7)
5 (83.8)
0 (0)
6 (100)
2 (33.3)

0.963
0.963
0.992
0.992
0.963
0.776

3 (50)
0 (0)
2 (33.3)
1 (16.7)
37.89  45.36

0 (0)
2 (33.3)
1 (16.7)
3 (50)
27.86  29.62

5 (83.3)
1 (16.7)

6 (100)
0 (0)

0.341

6 (100)
6 (100)

5 (83.3)
6 (100)

0.341
1.000

0.396

0.660

KS, Kaposi sarcoma.
*t-student; Levene = variances.
†Fisher Chi-Square.
‡Pearson Chi-Square; NS, non-statistical significance; CKD, chronic kidney disease; CNI, calcineurin inhibitors; AZA, azathioprine; MMF, mycophenolate.

achieved to the target rapamycin blood levels. Two converted patients lost the graft: one returned to dialysis and
the other one died due to mitral insufficiency 8 and
12 years after conversion, respectively. Conversion to
mTOR inhibitor significantly increased the time of
graft survival compared to patients who were treated with
a reduction of immunosuppression (169.4  60.9 months
vs. 12.7  17.0 months; P = 0.0022) (Fig. 1a). Similar
results were found in death-censored graft survival analysis
(P = 0.0029) (Fig. 1b). Conversion strategy prolonged
significantly patient survival compared to reduction strategy (169.4  60.9 months vs. 40.4  54.6 months;
P = 0.0089) (Fig. 1c).

Human herpes virus-8 expression in Kaposi’s sarcoma
skin lesions
HHV-8 was detected in all cases with a nuclear expression (Fig. 2a).

Activation of TGFb, VEGF, and mTOR pathways in
Kaposi’s sarcoma skin lesions
Transforming growth factor b was not expressed in
tumor; however, TGFb endoluminal staining was found
Transplant International 2016; 29: 1008–1016
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in 11 cases (Figs 2b and d). In contrast, VEGF was
highly expressed by KS cells and epidermal cells adjacent to the tumor in all cases (Figs 2c and d).
Considering mTOR pathway, PTEN was expressed in
75% of KS samples. However, this staining was deemed
as low in 89% of the cases (Figs 2e and h). The expression of p-mTOR was medium or high in all cases
(Figs 2f and h). Positive nuclear staining for p-P70S6K1
was observed in all cases and some of them presented
also cytoplasmic staining (Figs 2g and h).

Kaposi’s sarcoma stages; comparative analysis of the
immunohistochemistry
Patch state of KS lesion was diagnosed in four patients,
five cases were lesion in plaque, and three patients
showed lesion in nodule state (Fig. 3a). VEGF was
highly expressed in all stages of KS lesions. A clinical
correlation between the status of the KS and the expression of several mTOR pathway molecules was found. In
addition, the differences between low and high stages of
KS in mTOR expression were higher in downstream
molecules (p-mTOR and p-P70S6K) than PTEN
(Fig. 3b).
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Effect of mTOR inhibition on Kaposi’s sarcoma skin
lesions and long-term follow-up
The cutaneous lesions disappeared macroscopically after
5.24  6.42 months (min–max: 0.9–18.0 months) in all
patients converted to mTOR inhibitors. Clinical remission was confirmed in four cases through the histological analysis of another skin specimen from the site of a
previous Kaposi’s sarcoma lesion. All rebiopsies were
negative for Kaposi’s sarcoma.
None of patients under mTOR inhibitor treatment
presented recurrence of KS lesions, only one patient
developed a de novo malignancy after 6 years of conversion: an esophageal adenocarcinoma unrelated with KS
extensively described by Canha et al. [22].

Discussion

Figure 1 (a) Kaplan–Meier plots of graft survival after renal transplantation. (b) Kaplan–Meier plots of death-censored graft survival
after renal transplantation. (c) Kaplan–Meier plots of patient survival
after renal transplantation. Reduction group (circle) includes all
patients that after KS diagnosis, the calcineurin inhibitor was reduced
or even eliminated. Conversion group (square) includes all patients
that after KS diagnosis were converted from calcineurin inhibitor to
mTOR inhibitor treatment.
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Renal transplant patients with Kaposi’s sarcoma skin
lesions in different transplant centers were analyzed.
HHV-8 infection was found in all KS samples, and
mTOR pathway was activated in different KS stages.
Previous reports have been shown that tapering
immunotherapy in post-transplant KS had benefit in cutaneous lesions; however, the majority of patients lost the
graft [23–25]. In contrast, mTOR inhibitor conversion
offers complete remission without any detrimental effect
on graft function [18,19]. In our reduction group, all grafts
were lost within 3 years after transplantation, whereas all
patients converted to mTOR inhibitors preserved renal
graft function at least 8 years after transplantation
(6.5 years after mTOR inhibitor conversion). Cumulative
graft survival was 62.5% at 14.08 years of mean follow-up
(10.1 years since mTOR inhibitor conversion), rising to
83.3% in death-censored graft survival analysis. In
addition, one patient was followed during 260 months
(21.7 years) after transplantation, who remained
147 months (14 years) under mTOR inhibitor therapy.
Cancer development reduces patient survival in transplant patients [26,27]. Despite a lack of information
about KS-related mortality in transplant patients, a
trend to higher mortality in KS renal transplant patients
has been reported [28]. In our cohort, 83.3% of patients
from the reduction group died before 5 years after
transplantation, whereas all patients converted to an
mTOR inhibitor at least survived 9 years. Cumulative
patient survival showed that 75% patient stayed alive at
least 12.8 years, and one patient was followed during
21.7 years after transplantation.

Transplant International 2016; 29: 1008–1016
ª 2016 Steunstichting ESOT

HHV-8 and mTOR pathway in Kaposi’s sarcoma staging

Figure 2 HHV-8 infection and the activation of TGFb, VEGF, and mTOR pathways in Kaposi’s sarcoma skin lesions. (a) Positive immunostaining
for HHV-8. (b) Positive immunostaining for TGFb. (c) Positive immunostaining for VEGF. (d) Quantification of TGFb and VEGF staining into
tumor cells and epidermal cells adjacent to the tumor (Ø). (e) Positive immunostaining for PTEN. (f) Positive immunostaining for p-mTOR. (g)
Positive immunostaining for p-P70S6K. (h) Quantification of cytoplasm and nuclear PTEN, p-mTOR, and p-P70S6K staining in tumor and tumor
surrounding epidermis (Ø). All images are shown at 9100 magnification. Insets images are higher magnification of staining at 9400.

Figure 3 Kaposi’s sarcoma skin lesions. (a) Different patterns of Kaposi’s sarcoma lesions. A representative image for each stage is shown:
patch, plaque, and nodule. All images are shown at 9100 magnification. (b) Immunohistochemical analysis of each stage; VEGF, PTEN,
p-mTOR, and p-P70S6K staining. *P < 0.05, significant difference compared with patch stage.

However, no KS-related graft loss and death were
found. Most patients in the reduction lost the graft or
died in a short-term after the diagnosis of KS due to
other ongoing complications different to KS. Unfortunately, the study is retrospective, and potential confounding factors were not controlled. In addition, the
number of patients did not allow for a multivariate
Cox’s regression analysis. The prompt death of patients
in the reduction group does not allow us to evaluate
Transplant International 2016; 29: 1008–1016
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the total regression of cutaneous KS lesions, although
partially regression was observed at that point. However, in conversion group, we observed the complete
regression in a short period of time (5.24 months).
On KS development, HHV-8 has been found as a
one of the main oncogenic factors. HHV-8 seroprevalence in end-stage renal disease (ESRD) patients is
higher than in age and sex-matched healthy controls
[29]. The risk of post-transplantation Kaposi’s sarcoma
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is around 25% among seropositive patients compared
with 0.7% among seronegative patients [30]. In renal
transplant patients with KS, only 66.6% were HHV8
seropositive in an observational prospective follow-up
study [31]. In addition, lack of HHV-8 DNA load
correlation between advanced KS lesions and sera in
individual patients was reported [32]. In our study, all
patients analyzed showed HHV-8 expression in tissue
from KS specimens.
Viral receptor coupled to the protein G upregulates
VEGF secretion by acting on hypoxia inducible factor
(HIF) [33,34]. Inflammation and neovascularization are
associated with cytokine dysregulation and mTOR/HIF/
VEGF activation in KS development [16,34]. Our results
confirm the high expression of VEGF in all stages of KS
after renal transplantation. The elevated expression of
VEGF may be the result of the viral activation of the
mTOR pathway as a response to growth factors and
inflammatory mediators [13]. In addition, tumor surrounding epidermis shows high VEGF expression. It
was reported that the modification of the microenvironment could lead to different production of VEGF by
epithelial cells [35]. The tumor hypoxic microenvironment related with KS can explain the high expression of
VEGF in peritumoral epidermis, in contrast to the low
VEGF expression observed in nonpathological skin as
previously reports [36].
The PTEN tumor suppressor is a central negative regulator of the PI3K/mTOR/HIF/VEGF signaling pathway.
Loss of PTEN function plays essential roles in the development and progression of human cancers [37]. KS
lesions showed low PTEN expression.
The involvement of mTOR pathway in KS is confirmed by the activation of mTOR and the downstream effector molecule (P70S6K) in their
phosphorylated forms [34]. Medium to high expression
of p-mTOR and p-P70S6K was found in all KS
lesions. Furthermore, for the first time, the expression
of the mTOR pathway has been correlated with
increasing tumor stages.
PTEN-negative tumors and p-AKT or p-P70S6K1
expressing tumors have demonstrated in vitro to be
most sensitive to rapamycin treatment, suggesting a
determinant role of these molecular markers for
selecting appropriate patients for rapamycin therapy
[38,39]. A positive p-S6K1 tumoral expression has
been associated with recurrence of disease and shorter
survival in patients with breast cancer [40]. Iwenofu
et al. [17] showed a positive correlation between high
expression of P70S6k and positive response to mTOR
inhibitors treatment and low expression with
1014

progressive disease in spite of mTOR inhibitors treatment in sarcomas. Our results are concordant with
these investigations.
While cyclosporine treatment in solid organ transplantation can promote cancer progression by a direct
cellular effect through TGFb pathway [10], there are
many tumors with genetic defects in TGFb signaling,
especially in colon and pancreatic cancers [41]. Our
group reported low expression of TGFb in colon cancer
in renal transplant patients [21]. Regarding Kaposi’s
sarcoma, we did not detect TGFb expression in KS skin
lesions, which may be linked with the results presented
by Di Bartolo et al., where HHV-8 could silence TGFb
pathway through several mechanisms, including downregulation of the TGFb type II receptor [42]. In addition, those tumors with low expression of TGFb have
been associated with good response to rapamycin
treatment [43].
The resistance to mTOR inhibitor treatment on KS
lesions has been described, although in our cohort of
patients was not observed. Kaposi’s sarcoma relapses
have seen even with trough levels between 5 and 12 ng/
ml[25]. Resistance could be due to mutations of mTOR
pathway, which prevent the binding of mTOR inhibitor
or provoke the bypass of mTOR regulation through a
persistent activation of downstream molecules [44]. The
implication of other pathways like cyclooxygenase-2prostaglandin E2-eicosanoid receptor inflammatory axis
or NFjB pathway could be another explanation for
mTOR inhibition resistance [45,46].
In conclusion, HHV-8 infection in all tissue samples
and the activation of mTOR pathway according to KS
stages could explain the benefit of the mTOR inhibitor
switch in renal transplant patients who develop KS. The
reduced sample size, the lack of randomization, and
absence of multivariate analysis to control for possible
confounding factors are limitations in the analysis of graft
and patient survival. Further prospective and enlarge
studies are needed to address the impact of conversion to
mTOR inhibitors in graft and patient survival.
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