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Expression of Bcl-2, Bcl-x, and Mcl-1 was immuno-
histochemically evaluated in 33 cases of Kaposi’s
sarcoma (KS) of the skin. Of these, classic KS (C-KS)
accounted for 17 cases (10 in plaque stage and 7 in
tumor stage) and acquired immunodeficiency syn-
drome–associated KS (AIDS-KS) accounted for 16
cases (8 in plaque stage and 8 in tumor stage). In
both C-KS and AIDS-KS, Bcl-2 immunoreaction cor-
related with progression stage, its average score in-
tensity being more than 2-fold in tumors than in
plaques. In contrast, Bcl-x and Mcl-1 staining inten-
sity was unrelated to progression stage but was de-
pendent on human immunodeficiency virus infec-
tion status. Thus, whereas Bcl-x expression was
stronger in C-KS cases, Mcl-1 immunostaining was
more intense in AIDS-KS instances. These findings
indicate that in cutaneous KS, some Bcl-2 family
proteins exhibit differential expressions that are de-
pendent on either progression stage or human im-
munodeficiency virus infection status.
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Kaposi’s sarcoma (KS) is an angioproliferative disease
that has a complex pathogenesis involving a disor-
dered cytokine network, immune alterations, and ac-
tive infection with human herpesvirus 8 (HHV-8) (1–
6). Four epidemiologic forms of KS have been
described: classic form (C-KS), affecting mainly el-
derly men of Mediterranean origin; African-endemic
KS; immunosuppressive drug-related KS; and ac-
quired immunodeficiency syndrome–related KS
(AIDS-KS). The last one affects mainly human immu-
nodeficiency virus (HIV)–infected homosexual men
and typically is associated with an aggressive course
(1). All forms of KS have the same histology, which is
characterized initially by a prominent angiogenesis
and subsequently by the proliferation of spindle-
shaped cells that are considered to be the tumor cells
of KS.

The binomial (hyperplastic/neoplastic) nature of
KS is one of the most fascinating features of this
disease. KS seems to begin as a reactive vascular pro-
liferation caused by an unbalanced cytokine network
(1) rather than as a true neoplasm. In some cases, KS
may regress, either spontaneously (coinciding with
the recovery of the normal immune response [7]) or
in association with pregnancy (probably the result of
a modulatory effect of human chorionic gonadotro-
pin on vascular proliferation [8]). In advanced stages,
KS behaves as a multifocal neoplasm; a monoclonal
origin of multicentric lesions has been demonstrated
(9).

Tumor cells can evade normal control of cell
growth and survival by several mechanisms, includ-
ing autocrine stimulation and overexpression of
proto-oncogenes that function as antagonists of ap-
optosis. One of the most important negative regu-
lators of apoptosis is Bcl-2 and its related proteins
(the Bcl-2 family members), the expression of
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which is regulated by cytokines and other death
survival signals at different levels (10, 11). Previous
studies have shown that the pattern of expression
of Bcl-2 and its homologues Bcl-xL (10) and Mcl-1
(12, 13), which share a blocking cell death function,
may vary with tumor progression in some neo-
plasms (14 –18).

Recent studies have shown expression of Bcl-2 in
spindle cells of KS, both in vivo (19 –21) and in
culture (22). Bcl-2 upregulation in KS might prolong
spindle cell viability, an effect that might result in
the maintenance, growth, and progression of KS
when coupled with the cell proliferation stimuli
provided by the synergistic action of inflammatory
and angiogenic cytokines and HIV-1 Tat protein
(19).

There is a consistent relationship between HHV-8
infection and KS (2– 4, 23), but the latter does not
behave like any other virus-induced malignancy
(24). HHV-8 is a g-2 herpes virus that encodes viral
effectors homologous to many oncogenes with the
ability to induce transformation and angiogenesis
(2, 25–29). Some of them, such as FLICE inhibitory
protein and viral Bcl-2 (2, 27, 28), seem to be in-
tended to evade apoptotic destruction of the in-
fected cell. Nevertheless, the expression of some of
these viral genes in tissues is extremely low and
does not seem to be relevant (6). The enhancement
of Bcl-2 upregulation in advanced pathologic stages
of KS (19 –21) and the expression of the related
antiapoptotic protein Bcl-xL (30) are arguments in
support of a pivotal role of the Bcl-2 family proteins
in the development of KS, regardless of its epide-
miologic form.

The different biologic behavior of KS according to
its epidemiologic presentations might be related to
the degree of the host immune response impair-
ment and the occurrence of specific derangements
of the mechanisms controlling tumor growth and
development, such as cytokine/growth factor over-
stimulation or apoptotic cell death escape. This
pathogenetic construct gains support from the
demonstration of the growth-promoting role of on-
costatin M (31) and HIV-1 Tat protein (32) in AIDS-
KS. However, the possible differences between
AIDS-KS and C-KS in regard to the expression of the
antiapoptotic Bcl-2 family members are as yet un-
explored. Equally unknown is whether the expres-
sion of these proteins varies between KS initial
stages and final tumor stages, a discrepancy to be
expected in light of the likeness of initial KS to a
reactive hyperproliferation and of tumor stage KS to
a genuine neoplasm. To address these questions,
we investigated the immunohistochemical expres-
sion of Bcl-2, Bcl-x, and Mcl-1 in the various pro-
gression stages of AIDS-KS and C-KS.

MATERIALS AND METHODS

Human Tissue Samples
Skin biopsy paraffin blocks were retrieved from

the files of the Department of Pathology at the
Hospital Universitari Germans Trias i Pujol, Bada-
lona, Spain. Only cases in which immunohisto-
chemical preservation was adequate for evaluation
were included in the study. They corresponded to
33 randomly selected cases of C-KS and AIDS-KS,
including 18 cases of plaque stage KS (10 C-KS and
8 AIDS-KS) and 15 cases of tumor stage KS (7 C-KS
and 8 AIDS-KS). The stage was determined by his-
topathologic study of hematoxylin and eosin–
stained sections. Patch lesions were not included in
this study because it is very difficult to discriminate
between tumor cells and activated endothelial cells
in this stage of KS. A diagnosis of KS plaque stage
was made when most of the lesion was located in
the middle and superficial dermis and consisted of
malformed vascular channels that dissected the
collagen fibers and contained only isolated spindle-
shaped cells or small groups of them. A diagnosis of
the nodular or tumor phase was made when the
entire lesion or most of it showed a compact pro-
liferation of spindle-shaped cells with an intersect-
ing fascicle-like pattern alleviated only by some
inflammatory cells, erythrocytes, or telangiectatic
spaces. All tissue specimens had been fixed in
neutral-buffered formalin for less than 24 h and
routinely processed.

Antibodies and Immunohistochemical Studies
Immunohistochemistry was performed with the

following primary antibodies: (1) mouse monoclonal
antihuman Bcl-2 oncoprotein antibody (DAKO-Bcl-2
clone 124; DAKO, Glostrup, Denmark; diluted 1:20
with phosphate-buffered saline), (2) goat polyclonal
antihuman Bcl-xS/L (S-18)-G antibody (Santa Cruz
Biotechnology, Santa Cruz, CA; diluted 1:50), and (3)
polyclonal rabbit antihuman Mcl-1 antibody (Pharm-
ingen, San Diego, CA; diluted 1:1000). For Bcl-2 and
Mcl-1 detection, 5-mm sections were deparaffinized,
hydrated, immersed in buffered citrate, and auto-
claved. Afterward, the sections were incubated for 30
min in rabbit serum (bcl-2) or pig serum (mcl-1).
Incubations with primary antibodies were carried out
for 22 h at room temperature. Slides were washed and
incubated with biotinylated rabbit antimouse IG an-
tibodies at a 1:700 dilution and then incubated in
phosphate-buffered saline/6% hydrogen peroxide for
15 min at room temperature before avidin-biotin-
peroxidase complex addition (Dakopatts, Glostrup,
Denmark). For Bcl-x detection, the cells were previ-
ously permeabilized with saponin and then a semi-
automated system (Nexes; Ventana Medical Systems,
Tucson, AZ) was used. The chromogen 3,39-
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diaminobenzidine tetrachloride (Serva, Heidelberg,
Germany) was applied, and counterstaining was per-
formed with Harris hematoxylin. A nonimmune
mouse serum was used as a negative control in this
protocol. Immunohistologic procedures for each an-
tibody were run in all specimens on the same day to
minimize intersample technical variability.

Immunostaining results were scored as previ-
ously described (14, 15, 33). The percentage of pos-
itive tumor cells was graded from 0 to 4 as follows:
0, none to 10%; 1, 11 to 33%; 2, 33 to 66%; 3, 67 to
90%; and 4, 91 to 100%. Specimens were considered
immunopositive when more than 10% of cells
showed clear evidence of immunostaining. The in-
tensity of immunostaining was rated as follows: 0,
none; 1, weak; 2, moderate; and 3, intense. Because
KS lesions frequently show significant intraspeci-
men heterogeneity, a score was calculated in which
the percentage positive rating was multiplied by the
intensity rating. In this scoring system, each com-
ponent of the tumor was scored independently and
the results were added up. For instance, a biopsy
specimen in which 25% of cells stained intensely
(1 3 3 5 3) and 50% had a moderate staining
intensity (2 3 2 5 4) was assigned a global score of
3 1 4 5 7. The reproducibility of the results was
confirmed by comparison of the scores assigned by
two different researchers (MTFF and LP). The score
was calculated on 6 to 10 representative high-power
fields after examination of the totality of tumor
present in one section for each case. The smallest
size of the biopsy specimens included in the study
was that of a punch biopsy measuring 4 mm in
diameter and 5 mm in depth. All tissue sections
contained nontumor cells, such as epidermal and
adnexal cells, and melanocytes, as well as arrecto-
res pili muscles or nerves in some cases, which
served as internal positive and negative controls for
the assessment of antibody specificity and epitope
immunopreservation. When the intensity of stain-
ing of the internal controls did not reach the ex-
pected score of 2 or 3 (depending on the cell type
and location), the cases were discarded for further
evaluation.

Statistical Study
Statistical significance for differences observed in

the staining scores between C-KS and AIDS-KS le-
sions and between plaque lesions and tumor le-
sions was determined using analysis of variance.
When variances were not homogeneous or samples
were not normally distributed, the Kruskal-Wallis
test was used. Differences between groups were
considered to be statistically significant when the P
value was less than 0.05.

RESULTS

Bcl-2
The expression of Bcl-2 by nontumor cells was

intense in melanocytes and moderate in portions of
the secretory coil of sweat glands. The basal layer of
the epidermis exhibited some positivity, as did re-
active endothelial cells of non-neoplastic vessels
located in the vicinity of the lesions or in areas of
inflammation. Capillary vessels and medium-sized
arterioles in noninflamed areas were negative.

Even though patch (macular) stage lesions were
not included in this study, some biopsy specimens
of plaques or tumors contained adjacent areas of
macular stage KS. In those areas, the immunostain-
ing of neoformed vessels was negative (Fig. 1a).

Bcl-2 expression was weak in KS plaque lesions
(Fig. 1b) and moderate or intense in nodular lesions
(Fig. 1c). There were some variations in the inten-
sity between adjacent cells in the same area and
from one area to another, which were scored with
consideration of the approximate percentages of
cells corresponding to each intensity, as detailed in
the “Materials and Methods” section. The results of
immunostaining scores are detailed in Table 1. The
mean scores were significantly lower in plaque le-
sions than in tumor lesions when all cases were
grouped together, irrespective of the patients’ HIV
serologic status (2.8 6 1.6 [mean 6 SD] versus 6.2 6
2.6; P , .0003). The differences remained statisti-
cally significant when cases were stratified accord-
ing to the serologic status of the patients in both
AIDS-KS (2.6 6 1.8 versus 5.6 6 2.8; P , .0262) and
C-KS cases (3.0 6 1.6 versus 6.9 6 2.3; P , .0031)
(Fig. 2). In general, biopsy specimens correspond-
ing to AIDS-KS cases seemed to exhibit a stronger
staining than those corresponding to C-KS, but the
differences in mean staining scores were not signif-
icant, both when all cases were grouped together
and after stratification according to the type of le-
sion.

Bcl-x
Bcl-x staining showed a coarse, granular pattern

in some cells and a fine, dustlike appearance in
others. In most cases, when the cell size permitted
the observation, a clear, perinuclear disposition
was evident. These findings suggested an organelle-
related localization. In the epidermis overlying the
tumor, Bcl-x expression resulted in an intense,
coarse, perinuclear granularity that in some cases
was more accentuated in the upper layers and
tended to disappear in the granular layer. Melano-
cytes, secretory cells of sweat glands, hair follicles,
and arrectores pili muscles were moderately posi-
tive. Normal endothelial cells of capillary vessels
and medium-sized arterioles were only occasion-
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FIGURE 1. Immunohistochemical analysis of Kaposi’s sarcoma (KS) lesions with Bcl-2 (a–c), Bcl-x (d–g), and Mcl-1 (h–k). Bcl-2 immunostaining
was negative in macules (a) and less intense in plaque lesions (b) than in tumors (c). Intensely stained melanocytes can be seen in the epidermis (a,
upper left corner). The intensely stained cells that can be seen in the dermis (in a and b) correspond to lymphocytes, which also can be seen in c.
Bcl-x immunostaining was less intense in plaques (d) and tumors (e) of AIDS-associated KS than in plaques (f) and tumors (g) of classic KS. Positive
Bcl-x epidermal staining can be appreciated on the right side of d and f. Mcl-1 immunostaining was less intense in plaques (h) and tumors (i) of
classic KS than in plaques (j) and tumors (k) of AIDS-associated KS. A positive-staining sweat gland coil is present among KS vessels.
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ally positive, usually in relation to areas of inflam-
mation, whereas their muscular walls displayed a
moderate staining. Nerve fibers were negative or
faintly positive, but a positive signal was present in
some perineurial cells.

Bcl-x immunostaining was less intense in plaques
(Fig. 1d) and tumors (Fig. 1e) of AIDS-KS than in
plaques (Fig. 1f) and tumors (Fig. 1g) of C-KS. The
mean scores of Bcl-x staining were significantly

lower in AIDS-KS than in C-KS cases, both when
plaques and tumors were grouped together (6.7 6
1.9 versus 8.9 6 1.9; P , .0039) and when only
plaque lesions were taken into consideration (6.4 6
1.3 versus 9.0 6 2.1; P , .0172). There were no
significant differences in staining scores according
to the type of lesions (namely, plaques versus tu-
mors) (Fig. 3).

Mcl-1
The expression of Mcl-1 was intense in the epi-

dermis overlying the lesions. The staining was more
accentuated in the granular layer and absent in the
stratum corneum. Melanocytes from the basal layer
were negative or weakly positive. Hair follicles and
sweat glands exhibited a weak positivity, arrectores
pili muscles showed a moderate positivity, and
small nerve fibers were steadily negative. These pat-
terns of expression were similar to those previously
described (13).

Within the KS lesions, the expression of Mcl-1
was moderate to intense in most cases, with a
stronger expression in AIDS-KS than in C-KS cases
(Figs. 1h– k). Variations in intensity and percentage
of positive cells were scored, and the results are
summarized in Table 1. The mean scores of Mcl-1
immunoreactivity were significantly higher in
AIDS-KS than in C-KS lesions, irrespective of their
type (7.7 6 1.7 versus 6.2 6 2.2; P , .0453). When
the results were stratified according to the type of
lesions (plaques or tumors), the differences be-
tween mean staining scores in AIDS-KS and C-KS
cases (Fig. 4) did not reach statistical significance,
even though the staining for Mcl-1 tended to be
more intense in plaque lesions from patients who
were HIV positive than in those corresponding to
C-KS (8.2 6 1.7 versus 6.4 6 2.0; P 5 .0645 [Kruskal-
Wallis]). There were no significant immunostaining
differences between plaques and tumors, either

TABLE 1. Results of Immunostaining Scores

Case Number Mcl-1 Bcl-2 Bcl-x

Plaques
AIDS-KS 1 8 0 5

2 6 2 6
3 8 4 6
4 9 5 7
5 7 2 5
6 11 5 7
7 10 1 6
8 7 2 6

C-KS 9 4 1 4
10 6 4 5
11 6 6 7
12 5 3 7
13 8 2 8
14 5 3 8
15 4 2 2
16 10 2 5
17 8 2 2
18 8 5 5

Tumors
AIDS-KS 19 4 4 12

20 8 8 10
21 8 5 5
22 8 0 5
23 6 6 7
24 6 7 6
25 8 6 9
26 9 9 7

C-KS 27 6 5 7
28 4 10 8
29 7 6 6
30 8 4 7
31 4 7 8
32 10 10 7
33 3 6 7

FIGURE 2. Mean Bcl-2 staining scores.

FIGURE 3. Mean Bcl-x staining scores.
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when grouped together or after stratification ac-
cording to HIV infection status.

In summary, the intensity of Bcl-2 staining
seemed to correlate with the stage in KS lesions, the
intensity being higher (more than 2-fold in average
score) in tumors than in plaques. Bcl-2 staining was
negative in normal endothelial cells and in newly
formed vessels corresponding to areas of macular
stage KS. In contrast, the mean staining intensity of
the other Bcl-2 family members evaluated in this
study seemed to be dependent on the presence of
HIV infection. Specifically, Mcl-1 staining was more
intense in AIDS-KS cases, whereas Bcl-x expression
was stronger in C-KS cases.

DISCUSSION

All of the epidemiologic forms of KS seem to be
linked to HHV-8 infection (23). However, the spe-
cific role of HHV-8 in the development of KS has
not yet been clearly established. It is surmised that
HHV-8 may exert its effects either directly through
the encoding of growth-promoting and antiapop-
totic proteins or indirectly through the induction of
cytokines and angiogenic protein synthesis in in-
fected and inflammatory cells (6, 23). Among the
latter, the most relevant are interferon-g (gIFN),
basic fibroblast growth factor (bFGF or FGF-2), and
vascular endothelial growth factor (VEGF), which
are responsible for the hyperplastic angiogenic pro-
liferation so characteristic of the initial stages of KS
and the spindle cell phenotype. Moreover, gIFN,
bFGF, and other cytokines are known to influence
the activity of some Bcl-2 family members (34, 35),
thus disrupting the mechanisms that control apo-
ptosis. Deregulation on Bcl-2– controlled apoptotic
pathways is important in the pathogenesis of KS
and may be one of the first steps leading to the
transformation of the initial hyperplastic process
into neoplasia (6).

In patients who have AIDS-KS, HIV-1 may play a
role similar to or synergistic with that of HHV-8. It
has been demonstrated that the HIV-1 Tat protein
not only has angiogenic properties (36) but also
may act synergistically with bFGF to induce KS-like
lesions in mice (32). The presence of a double in-
fection by HHV-8 and HIV-1, and a dual source of
cytokines and vascular growth factors, might ex-
plain the greater incidence and aggressiveness of
AIDS-KS in comparison with C-KS or with KS in
patients who are HIV negative and experiencing
immunosuppression. However, as stated above,
differential alterations in the expression profile of
Bcl-2 family members in AIDS-KS and C-KS are to
be expected.

The Bcl-2 family is a group of at least 15 related
cytoplasmic proteins that control an evolutionarily
conserved mechanism for regulation of apoptosis.
Some of the members of this family, including
Bcl-2, Bcl-xL, and Mcl-1, are blockers of pro-
grammed cell death, whereas others, such as Bax,
Bak, and Bcl-xS, are promoters of apoptosis (11).
Cytokines and other death or survival signals mod-
ulate the expression and function of these mole-
cules at different levels, and they can be differen-
tially regulated in association with tumor
progression and differentiation. The balance be-
tween these opposite actions is essential for normal
development, protection against pathogens, and
tissue homeostasis. Consequently, mutations of the
genes encoding for Bcl-2 family proteins can lead to
neoplasia (11).

Protecting cells from apoptosis is a function
shared by Bcl-2, Bcl-xL, and Mcl-1, but they differ
significantly in many regards. Bcl-2 seems to be the
only family member that is susceptible to induction
by bFGF (35), and its expression by KS spindle cells
in vitro does not seem to be upregulated after ex-
posure to gIFN (30). The angiogenic activity attrib-
uted to VEGF may be due in part to its ability to
enhance endothelial cell survival by inducing ex-
pression of Bcl-2, as has been shown in human
dermal microvascular endothelial cells in vitro (37).

Mcl-1 expression is induced by several cytokines,
such as gIFN (38), granulocyte-macrophage colony-
stimulating factor (39), and IL6 (40), in several cell
models. The intracellular distribution of Mcl-1 is
essentially mitochondrial (41), being physiologi-
cally expressed in many types of long-lived cells
(13) and frequently overexpressed in neoplasms.
Mcl-1 expression in neoplasms does not follow an
obvious pattern, so although it increases with stage
or histologic grade in tumors of the thymus (18) and
prostate (15) and non-Hodgkin lymphomas (17), it
decreases in the more poorly differentiated neuro-
blastomas (14) and colorectal carcinomas (42).

Among the Bcl-2 family members, Bcl-xL is the
most similar in sequence to Bcl-2. Nevertheless,

FIGURE 4. Mean Mcl-1 staining scores.
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there are considerable differences between Bcl-xL

and Bcl-2 in regard to their subcellular localization;
relevance during embryogenesis (11); and distribu-
tion in healthy tissues, inflammation, and neoplasia
(11, 14, 30, 34). The expression of Bcl-xL may be
enhanced by some cytokines, including gIFN (30,
34) but not bFGF (35). In this study, we used an
antibody directed against Bcl-xS/L that recognizes
not only Bcl-xL but also other isoforms of this pro-
tein (including the proapoptotic Bcl-xS) that can
arise through alternative mRNA splicing mecha-
nisms. However, Bcl-xS concentration in normal
human tissues in vivo is extremely low (14), and
Bcl-xS levels are not detectable in KS-cultured cells
by flow cytometric or immunoblot studies (30).
Therefore, we agree with other authors (14, 15) in
considering Bcl-xS/L antibody immunostaining to
be representative of the Bcl-xL content of cells.

Overexpression of the apoptotic antagonists
Bcl-2 (19 –22, 30) and Bcl-xL (30) and absence of the
apoptosis promoter Bax (30) have been demon-
strated in KS and are considered to be important in
its pathogenesis. Nevertheless, the differences in
the expression of Bcl-2 family molecules among KS
epidemiologic forms with different aggressive po-
tential have never been systematically evaluated.
The aim of our study was to compare the immuno-
histochemical expression of Bcl-2, Bcl-xL, and
Mcl-1 in AIDS-KS and C-KS lesions, including their
variations from the plaque stage to the end tumor
stage. We found statistically significant differences
in the average intensity of immunohistochemical
staining according to the type of lesions (progres-
sion stages) and the serologic status of the patients.
The intensity of Bcl-2 staining was correlated with
the progression stage in KS lesions, being more
intense (more than 2-fold in average score) in tu-
mors than in plaques. The cellular composition of
lesions could explain some of the differences: Patch
stage lesions of KS contain more neoplastic vessels,
and tumors contain more spindle cell fascicles. The
stage-related differences that we found in Bcl-2 ex-
pression can be associated with changes in both
cell density and cell phenotype. Thus, the contribu-
tion of Bcl-2 overexpression to the progression of
KS lesions by an antiapoptotic mechanism seems to
be crucial, even though other antiapoptotic mole-
cules and mechanisms are also involved.

In contrast to Bcl-2, the mean intensity of stain-
ing corresponding to the other members of the
Bcl-2 family evaluated in this study seemed to be
dependent on the presence of HIV infection. Thus,
Mcl-1 staining was more intense in AIDS-KS cases,
whereas Bcl-x positivity was stronger in C-KS cases.
The local CD8-positive T-cell infiltration present in
KS likely is accountable for gIFN production and,
consequently, induction of Bcl-x (30, 34) and Mcl-1

(41) (but not Bcl-2 [30]) overexpression in KS spin-
dle cells.

It remains to be seen whether the herein identi-
fied differences in Mcl-1 and Bcl-x expression be-
tween AIDS-KS and C-KS are the result of HIV in-
fection–related influences on cytokines and growth
factors such as gIFN and bFGF, which provide the
paracrine/autocrine stimuli leading to the develop-
ment of KS. In the case of Mcl-1, it is plausible that
HIV-1 Tat protein contributes to the preferential
expression of this antiapoptotic molecule. Be that
as it may, our findings suggest the involvement of
Bcl-2 family proteins in the pathogenesis of KS,
particularly in relation to histopathologic stage and
HIV infection status.
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