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Hypopigmented mycosis fungoides is an uncommon clinical variant of cutaneous T-cell lymphoma. We
hypothesized that hypomelanosis in hypopigmented mycosis fungoides may have a similar mechanism as in
vitiligo, a condition in which it is believed that alterations in expression of CD117 (stem cell factor receptor/KIT
protein) on epidermal melanocytes and abnormal interactions between melanocytes and surrounding
keratinocytes may play a pathogenic role. To test the hypothesis that similar mechanisms might also explain
hypopigmentation in hypopigmented mycosis fungoides, skin specimens from five cases each of hypo-
pigmented mycosis fungoides and vitiligo were studied immunohistochemically for immunophenotype of the
infiltrating cells, CD117 (expressed by epidermal melanocytes), and pan melanoma cocktail of antigens (gp100,
tyrosinase, and MART-1) expression; cases of conventional mycosis fungoides and normal skin were studied in
parallel as controls. Our findings confirm a predominance of CD8þ neoplastic T cells in hypopigmented
mycosis fungoides. Similarly, the epidermal lymphocytic infiltrate in vitiligo was also composed of CD8þ
cytotoxic T cells, in contrast to an epidermal infiltrate composed of CD4þ T cells in conventional mycosis
fungoides. The average number of epidermal CD117 expressing cells followed the same pattern of decreased
expression in hypopigmented mycosis fungoides as in vitiligo, whereas the levels in conventional mycosis
fungoides were higher, and similar to that observed in normal skin. Furthermore, a decreased number of
melanocytes per high-power field of the length of the biopsy was present in hypopigmented mycosis fungoides
and vitiligo, as compared with either conventional mycosis fungoides or normal skin, suggesting a correlation
between decreased expression of CD117 and decreased number of melanocytes. We propose that decreased
expression of CD117 and its downstream events in melanocytes may be initiated by cytotoxic effects of
melanosomal-antigen-specific CD8þ neoplastic T lymphocytes, resulting in destabilization of CD117 and
leading to dysfunction and/or loss of melanocytes in the epidermis of hypopigmented mycosis fungoides.
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Hypopigmented mycosis fungoides is a variant of
cutaneous T-cell lymphoma more commonly seen in
dark-skinned individuals.1–4 The natural history of
hypopigmented mycosis fungoides is similar to that
of conventional mycosis fungoides, although the

disease onset in hypopigmented cases is usually in
childhood or adolescence; indeed, hypopigmented
mycosis fungoides comprises 17% of all cases of
mycosis fungoides in childhood. In contrast to
conventional mycosis fungoides, in which the
neoplastic cells are CD4þ in the vast majority of
cases,5 the neoplastic cells in hypopigmented
mycosis fungoides have a CD8þ T-cell pheno-
type.6–9 The mechanism of hypomelanosis in hypo-
pigmented mycosis fungoides is as yet unclear.
Damaged melanosomes10 and a decreased number
of melanocytes11,12 have been reported in hypopig-
mented mycosis fungoides lesions.

The etiological basis of hypopigmentation in
vitiligo likewise is not completely understood;
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several mechanisms including apoptosis or func-
tional impairment of melanocytes have been pro-
posed.13–20 Experimental data support the role
of T-cells within active inflammatory lesions of
vitiligo in initiating apoptosis of melanocytes.13–15

Abnormal interactions between melanocytes and
surrounding keratinocytes resulting from a decrease
in the melanogenic cytokines produced by the
keratinocytes, or from downregulation of specific
receptors on the surface of melanocytes have been
considered as possible pathways in pathogenesis of
hypopigmentation in vitiligo.19,20

We hypothesized that as in vitiligo, the pigment
loss in hypopigmented mycosis fungoides may be
related to alterations in expression of CD117 (also
known as stem cell factor receptor or c-KIT), which
is present on epidermal melanocytes. To test this
hypothesis, we analyzed skin specimens of hypo-
pigmented mycosis fungoides and vitiligo immuno-
histochemically for CD117 and pan-melanoma
antigen cocktail (gp100, tyrosinase, and MART-1)
expression.

Materials and methods

Retrospective case selection was performed by
searching the computerized data files of the Uni-
versity of Chicago Dermatopathology Laboratory
using commands in the ‘diagnosis,’ ‘clinical notes,’
and ‘text’ fields for ‘mycosis fungoides,’ ‘mycosis
fungoides with clinical notes of hypopigmented
mycosis fungoides,’ and ‘decreased/absent melano-
cytes consistent with vitiligo.’ The diagnosis of
hypopigmented mycosis fungoides, conventional
mycosis fungoides, or vitiligo was made on both
clinical and histologic grounds. In cases of con-
ventional mycosis fungoides and hypopigmented
mycosis fungoides, patients clinically demonstrat-
ing plaque-stage disease and having an unequivocal
neoplastic infiltrate in the epidermis on histopatho-
logic examination were selected. Skin margins of
cutaneous non-lymphoid tumor resections served as
normal skin controls. The study included five cases
each of hypopigmented mycosis fungoides, vitiligo,
and conventional mycosis fungoides. The study
protocol was approved by our IRB. All cases were
de-identified and demographic information was not
obtained.

Immunohistochemical staining was performed on
4-mm-thick, formalin-fixed, paraffin-embedded tis-
sue sections using antibodies against CD3 (Novocas-
tra), CD4 (Neomarkers), CD8 (Neomarkers), pan
melanoma cocktail (gp100, tyrosinase, and MART-
1) (Biocare Medical), and CD117 (DAKO). Slides
were deparaffinized in xylene and rehydrated
through a graded alcohol series before being placed
in 3% H2O2/methanol blocking solution to quench
endogenous peroxidase activity, followed by subse-
quent antigen unmasking. Incubation with the
primary antibodies was performed for 1 h at room

temperature at the following dilutions: 1:300 for
CD3, 1:20 for CD4, 1:50 for CD8, 1:100 for pan-
melanoma, and 1:75 for CD117 antibodies. After
washing with TBS, the slides were incubated for
30min at room temperature with goat anti-mouse or
anti-rabbit IgG conjugated to a horseradish perox-
idase-labeled polymer (Envisionþ System, DAKO,
Carpinteria, CA, USA), or to an alkaline phospha-
tase-labeled polymer (MACH3TM, Biocare Medical,
Walnut Creek, CA, USA). Reactions were developed
with 3, 30-diaminobenzidine chromogen or Vulcan
Red, respectively, and counterstained with hema-
toxylin. For negative controls, incubation with the
primary antibody was omitted, and nonimmune
mouse or rabbit serum was substituted.

All the slides were reviewed by two investigators
(ZNS and VMP). For pan-melanoma and CD117
immunostains, the immunoreactive cells were
scored as number of positive cells per 10 high-
power fields (10 fields or entire length of epidermis).
For CD3, CD4, and CD8, positive staining was
recorded separately in the epidermis and dermis as
follows: 1þ (sparse), 2þ (moderate), and 3þ
(dense).

Results

Table 1 shows the CD3/CD4/CD8 staining score in
the cases and the controls. The epidermotropic
neoplastic cells in all cases of hypopigmented
mycosis fungoides had a CD8þ phenotype. Four
of the five conventional mycosis fungoides cases
had a CD4þ phenotype, and one had a CD8þ
phenotype. The infiltrate in both hypopigmented
mycosis fungoides and conventional mycosis fun-
goides was variably dense (1þ to 3þ ). The infiltrate
was denser in the dermis than the epidermis
(hypopigmented mycosis fungoides: CD4¼CD8

Table 1 Immunostaining scores for CD3, CD4, and CD8 anti-
bodies

Diagnosis Marker Case 1 Case 2 Case 3 Case 4 Case 5

Vitiligo CD3 E/D 0/1 0/2 1/1 1/1 0/1
CD4 E/D 0/2 0/1 0/1 0/1 0/0
CD8 E/D 1/1 1/3 1/1 2/3 0/1

HMF CD3 E/D 2/2 1/2 2/3 1/2 0/1
CD4 E/D 1/3 1/1 1/2 0/1 0/2
CD8 E/D 3/3 3/2 3/3 1/2 1/1

CMF CD3 E/D 2/2 3/2 3/3 3/3 3/3
CD4 E/D 2/2 2/2 0/3 2/3 3/3
CD8 E/D 1/2 0/1 2/3 1/2 1/2

Control CD3 E/D 0/1 0/1 0/1 0/1 0/1
CD4 E/D 0/1 0/1 0/1 0/1 0/1
CD8 E/D 0/1 0/0 0/0 0/0 0/0

cMF¼ conventional mycosis fungoides; E/D¼ epidermal/dermal
positivity; HMF¼hypopigmented mycosis fungoides.
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(three cases), CD44CD8 (1), CD4 oCD8 (1); con-
ventional mycosis fungoides: CD4¼CD8 (2 cases),
CD44CD8 (3)). In vitiligo, the epidermal infiltrate
was sparse and composed of CD8þ cells, while the
dermal infiltrate was of mixed CD4þ and CD8þ
cells. In normal skin samples, only sparse perivas-
cular infiltration by CD4þ cells and rare CD8þ
cells was noted. The melanosomal (pan-melanoma)
antigen score (per high-power field) was as follows:
vitiligo: 0–2, mean 0.8; hypopigmented mycosis
fungoides: 1–6, mean 3.4; conventional mycosis
fungoides: 1–13, mean 5.6; normal skin: 6–8,
mean 7.4. The CD117 staining score/hpf was:
vitiligo: 0–2, mean 1.2; hypopigmented mycosis
fungoides: 0–2, mean 1.6; conventional mycosis
fungoides: 2–6, mean 4.4; normal skin: 3–6, mean
3.8. The pan-melanoma and CD117 scores are
summarized in Figure 1. Figure 2(a–p) shows the
immunostaining pattern of CD4, CD8, pan-melano-
ma, and CD117 antibodies in cases and control skin.

Discussion

The etiology and pathogenesis of hypomelanosis in
the hypopigmented form of mycosis fungoides has
been unclear. A decrease or absence of melanocytes
within lesions of hypopigmented mycosis fun-
goides, akin to melanocyte loss in vitiligo, has been
noted leading to speculation on a cytotoxic effect of
CD8þ T cells on melanocytes.1 In this context,
hypopigmentation during flares of erythrodermic
cutaneous T-cell lymphoma has been purported to
result from reaction of cytotoxic T-cells.12 On
ultrastructural examination, damaged melano-
somes10 and a decreased number of melanosomes11

have been observed in the lesional skin. The
pathogenesis of hypopigmentation in vitiligo is also
not completely understood; suggested mechanisms
include autoimmune, neural, biochemical, oxidative
stress, autocytotoxic, viral, and melanocyte detach-
ment.13–20 The survival and growth of melanocytes is
regulated by binding of stem cell factor (SCF)

produced by keratinocytes, to its receptor CD117
on the surface of melanocytes.20 Melanocyte-specific
microphthalmia-associated transcription factor
(MITF-M) expression is regulated downstream of
the SCF/SCF receptor linkage21 and serves as a
transcription factor controlling the expression of
tyrosinase mRNA, which essentially leads to mela-
nocyte differentiation.22 It is known that CD117 and
MITF-M show complex interactions; CD117 signal-
ing modulates MITF-M activity and stability in
melanocytes, and MITF-M in turn is needed for
the maintenance of CD117 expression on melano-
blasts.23 Kitamura et al19 observed that the reduction
of CD117 and its downstream targets (including
MITF-M) by melanocytes might be associated with
dysfunction or loss of melanocytes in vitiliginous
epidermis. In contrast, Lee et al20 implicated
decreased SCF expression by keratinocytes of
vitiliginous skin to be responsible for apoptosis
and loss of melanocytes. Our findings are in
accordance with those of Kitamura et al19 in that
there was a decreased expression of the CD117 in
the lesional melanocytes of our vitiligo skin speci-
mens. Interestingly, the average number of epider-
mal CD117-expressing cells (which are melanocytes
from their dendritic morphology on immuno-
stains, and positivity for pan-melanoma antigen in
immunostaining performed on consecutive serial
sections) followed the same pattern of decreased
expression in hypopigmented mycosis fungoides as
in vitiligo, while the levels in conventional mycosis
fungoides were higher and similar to that observed
in normal skin. Furthermore, a decreased number of
melanocytes per high-power field of the length of
the biopsy were present in hypopigmented mycosis
fungoides (mean 3.4) and vitiligo (mean 0.8) as
compared to 5.6 in conventional mycosis fungoides
and 7.4 in normal skin, suggesting a correlation
between decreased expression of CD117 and de-
creased number of melanocytes. Although keratino-
cyte dysfunction resulting in decreased SCF
production is a theoretically possible alternative
explanation, such dysfunction has not been reported
in mycosis fungoides, and it seems unlikely that
both the growth factor and its ligand would be
simultaneously affected. In addition, it may be
argued that absence of melanogenic antigens
(gp100, tyrosinase, and MART-1) is not synonymous
with loss of melanocytes and may reflect dysfunc-
tion rather than melanocyte loss. Recently a genetic
cooperativity has been reported between MITF and
Bcl-2 in human melanocytes, and a deficiency of
MITF in melanocytes is closely associated with their
apoptosis as a result of downregulation of Bcl-2.24

As there is a close link between MITF and CD117
expression,19 a decreased expression of CD117 has
been associated with markedly decreased expres-
sion of MITF-M protein in the lesional epidermis of
vitiliginous skin, indicating that melanocytes loca-
lized in vitiliginous skin have a high predisposition
for apoptosis. In addition, it has been suggested that

Figure 1 Average immunostaining scores for Pan-melanoma and
CD117 antibodies in the cases and controls. Note that the average
immunostaining scores for pan-melanoma and CD117 are both
lower in vitiligo and in hypopigmented mycosis fungoides as
opposed to conventional mycosis fungoides and normal skin
controls. HMF¼hypopigmented mycosis fungoides; cMF¼ con-
ventional mycosis fungoides.
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CD117 serves to maintain the melanocytes within
the epidermis by attracting SCF. In the context of
this important interaction between CD117 and SCF
in stabilizing the melanocytes within the epidermis,
it can be inferred from our observations that at
least one of the mechanisms of hypomelanosis in
hypopigmented mycosis fungoides is likely to be
melanocyte loss.

Our study has confirmed earlier observation of the
predominance of CD8þ neoplastic T cells in the
epidermis of patients with hypopigmented mycosis
fungoides. All cases of hypopigmented mycosis
fungoides had a CD8þ immunophenotype. The
epidermal lymphocytic infiltrate in vitiligo was also

composed of CD8þ cytotoxic T cells whereas the
epidermal infiltrate in conventional mycosis fun-
goides was composed of CD4þ T cells in four out of
five cases; normal skin did not show any notable
number of T cells in the epidermis. Autoantibodies
to specific melanosomal surface and cytoplasmic
antigens, importantly tyrosinase and tyrosinase-
related proteins (TRP) 1 and 2 have been implicated
in melano-cytotoxicity of vitiliginous lesions.25 High
frequencies of Melan-A-specific CD8þ T cells have
been described in peripheral blood of patients
with autoimmune vitiligo.25,26 Recent research has
shown proliferation of Melan-A/MART 1, gp100,
tyrosinase, and TRP-1-specific CD8þ T cells in in-

Figure 2 Immunohistochemical staining for CD4, CD8, Pan-melanoma, and CD117 in hypopigmented mycosis fungoides (a–d), vitiligo
(e–h), conventional mycosis fungoides (i–l), and normal skin controls (m–p). Note that the epidermotropic cells in hypopigmented
mycosis fungoides are all CD8 positive (b) as opposed to the lymphocytes in conventional mycosis fungoides in which they are CD4
positive (i). Only scattered pan-melanoma and CD117 positive cells are present in hypopigmented mycosis fungoides (c, d), and in
vitiligo (g, h), as opposed to conventional mycosis fungoides (k, l) and normal skin (o, p).
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flammatory lesions of spontaneous or vaccination-
induced melanocyte destruction in melanoma
patients.27,28 By analogy with melanoma-associated
and autoimmune vitiligo-associated hypopigmenta-
tion, local melanocyte-specific CD8þ T-cell attack
could be involved in hypopigmented mycosis
fungoides as well, especially in the context of a
predominant CD8þ phenotype of the infiltrating
lymphocytes in hypopigmented mycosis fungoides
expressing the skin homing receptor CLA.

In conclusion, our results offer preliminary sup-
port for a possible role of CD8þ T cells and CD117
in the pathogenesis of hypomelanosis in hypopig-
mented mycosis fungoides, similar to that observed
for vitiligo. The comparability in mechanism of
hypopigmentation is interesting given the clinical,
histopathologic and immunophenotypic similarities
between vitiligo and hypopigmented mycosis fun-
goides. In fact, distinction of vitiligo especially from
early stage hypopigmented mycosis fungoides may
be difficult; discriminating histopathologic features
as suggested in a recent study29 may be applied
for differential diagnosis in early cases of hypo-
pigmented mycosis fungoides.

We propose that decreased expression of CD117
and its downstream events in melanocytes may
be initiated by cytotoxic effects of melanosomal-
antigen-specific CD8þ neoplastic T-lymphocytes,
resulting in destabilization of CD117, and leading to
dysfunction and/or loss of melanocytes in hypopig-
mented mycosis fungoides lesions. Further research
involving the expression of downstream effectors
of CD117 and the antigen specificity of the clonal
CD8þ neoplastic population for specific melano-
somal antigens (Melan a/MART 1, tyrosinase and
others) will be informative to support our hypothesis.
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