
Stem cell apoptosis in HIV-1 alopecia

Background: Diffuse alopecia occurs in almost 7% of HIV-1-infected
patients. Telogen effluvium is the main pathogenic mechanism
involved. Apoptotic keratinocytes in the outer root sheath at bulge level
was described as the most characteristic histopathologic finding of this
kind of hair loss.
Methods: A case–control study was conducted to investigate the
occurrence of apoptosis of follicular stem cells at the bulge in diffuse
alopecia of HIV-1 infection. We applied a double-staining procedure to
transverse scalp sections from 15 HIV-1-infected patients and 12
controls, with the monoclonal antibody anticytokeratin 19 as stem cell
marker and TUNEL technique to identify apoptosis.
Results: Eighty percent of cases and 25% of controls presented at
least one double-stained follicle. The proportion of positive follicles per
section was 48% (�7%) for cases and 26% (�13%) for controls.
Conclusion: Our study demonstrated that diffuse alopecia related to
HIV-1 infection represents a hair cycle disturbance and that part of the
follicular stem cell population become apoptotic in a higher proportion
than normal subjects. We found no cytotoxic folliculitis. Owing to its
cell-cycle interaction and caspase-induction capacities, we propose
HIV-1 viral protein R as a possible follicular stem cell apoptosis
inductor.
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Highly active antiretroviral therapy (HAART) has
substantially modified the expectation of life of HIV-
1-infected individuals and is responsible for a
change in the morbidity of cutaneous diseases.1

Among dermatological disorders, alopecia occurs
in almost 7% of those patients.2 Despite being an
esthetic issue, hair loss has a very negative influence
on the patients self-image and quality of life.3

Telogen effluvium is the main pathogenic mechan-
ism involved in hair loss, and the causes are many:
immunological disturbances, endocrinological dys-
regulation, nutritional deficiencies, drugs, acute
and chronic systemic infections, and others.4

A tightly controlled balance of proliferation, dif-
ferentiation, and apoptosis characterizes hair follicle
morphogenesis and cycling. The catagen regression
is driven by massive apoptosis of hair bulb keratino-
cytes. Multiple factors are involved in the control of
catagen apoptosis such as Fas, TGF-b, TNF-a,
FGF-5, IGF-1, PTHrp, neurotrophins, and others.5

Recently, it was demonstrated that clusters of

TUNEL-positive cells (apoptotic cells) were present
in the isthmus/bulge, where follicular stem cells are
situated, during the catagen phase, indicating that a
subpopulation of bulge cells is not permanent.6–8

Furthermore, bulge cells undergo apoptosis after
mechanical depilation and are replaced by second-
ary germ cells. 9

Smith et al.4 described apoptotic keratinocytes in
the outer root sheath at the bulge level as the most
characteristic histopathologic finding in HIV-1 dif-
fuse alopecia. This is also the site where apoptotic
keratinocytes are seen in graft vs. host disease
(GVHD)10,11 in which the stem cells are the prime
target. They hypothesized that an autoimmune
(GVHD-like) reaction could play a role on the
pathogenesis of HIV-1 disease including hair loss.

The aim of the study described in this paper was
to characterize the histological pattern and to inves-
tigate the occurrence of apoptosis of the follicular
stem cells at the bulge, in diffuse non-cicatricial
alopecia of HIV-1 infection.
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Materials and methods

The casuistic of this case–control study consisted of
15 HIV-1-seropositive patients with diffuse non-
cicatricial alopecia, seven males and eight females,
aged 22–42 years (mean ¼ 35.3 � 6.5), and CD4
cell count ranging from 66 to 601 cells/mm3

(mean ¼ 302.7 � 134.5), with no other systemic
infection or endocrinological disturbance, were sub-
mitted to scalp biopsy of the occipital region with a
4-mm punch. This area was selected to avoid initial
pattern alopecia misdiagnose. During their regular
visit, patients were asked about hair disorders.
Patients who presented a volume reduction and/or
texture change of the scalp hairs were included in
the study. All patients were subjected to clinical
examination in order to exclude other hair condi-
tions such as cicatricial alopecia, androgenetic alo-
pecia, traction alopecia, tricotillomania, alopecia
areata, and acute telogen effluvium. Twelve healthy
volunteer subjects, five males and seven females, of ages
ranging from 25 to 64 years old (mean ¼ 34 � 11.0)
without alopecia, were chosen as controls.

The scalp samples were fixed in 10% buffered
formalin solution, horizontally sectioned according
to Headginton’s technique,12 and paraffin embedded,
with the freshly cut surfaces down in the block.

Evaluation of the histological morphometric ana-
lysis included the total number of follicular units, the
total number of follicles (anagen, telogen, and cata-
gen; velus and terminal types), total number of folli-
cular stela (residual fibrous tracts), and terminal
germinal units. Specimens were stained through
the Gomori’s method.

To investigate stem cell apoptosis in the bulge, we
performed a double-staining technique with deoxy-
nucleotidyl transferase-mediated deoxyuridine tri-
phosphate nick-end (TUNEL), which delineates
single cells with fragmented DNA and anticytoker-
atin 19 antibody (CK19), as a stem cell marker.13–15

The number of follicles presenting double-staining
positive cells at the bulge level in each section was
achieved. Sections presenting at least one double-
stained follicle were considered positive.

Paraffin sections mounted onto 3-amino-propyl-
triethoxy-silane (cod. A3648, Sigma Chemical, St
Louis, MO, USA)-coated glass slides were deparaf-
finized in xylene, rehydrated, and rinsed in phos-
phate-buffered saline (PBS), pH 7.4. Sections were
treated with proteinase K (20 mg/ml) (cod. P6556,
Sigma Chemical) for 15 min at room temperature
to strip proteins from nuclei and then rinsed in PBS.
Endogenous peroxidase was inactivated by covering
the sections with 2% H2O2 in methanol for 30 min
at room temperature. Sections were rinsed with PBS
and incubated with terminal deoxynucleotidyl trans-
ferase (ApopTag� Plus Peroxidase In Situ Apoptosis

Detection Kit, cod. S7101, Chemicon International,
Temecula, CA, USA) (Tdt enzyme 1 : 12 reaction
buffer) for 1 h at 37�C. Sections were incubated with
anti-digoxigenin conjugate for 30 min at room tem-
perature. Color development was achieved by incuba-
tion for 6 min with 3,3

0
-diaminobenzidine

tetrahydrochloride (DAB) 1 : 1000 (brown) (cod.
D5637, Sigma Chemical). Sections were then incu-
bated with the antibody anticytokeratin 19 (mouse
monoclonal antibody anti-cytokeratin 19 cod. NCL-
CK19, Novocastra Laboratory, Newcastle upon
Tyne, UK) (1 : 1000) overnight, rinsed in PBS, and
again incubated with the secondary antibody anti
mouse/rabbit (Envision� Labelled Polymer, AP
Mouse/Rabbit cod. K4017, DAKO, Carpinteria,
CA, USA) for 30 min at room temperature. The
color development (dark blue) was achieved with
Nitro blue tetrazolium chloride/5-bromo,4-chloro-3-
indoyl phosphate, toluidine salt (NBT/BCIP) (Roche
Diagnostics, Penzberg, Germany, Cat. no. 1681451).

Results

The proximal arrector pili muscle insertion indicat-
ing the bulge level was identifiable in all transverse
scalp biopsy specimens of cases and controls. The
mean number of identifiable follicular units in cases
was 9.2 (�1.1) and 9.8 (�1.1) in controls. There was
an architectural disturbance of the perifollicular col-
lagen bundles in cases when compared with con-
trols. The mean number of follicles was slightly
higher in cases [23.7 (�7.1)] than that in control
subjects [20.5 (�3.0)]. By classifying the follicles in
terminals and velus, we observed a higher propor-
tion of terminals follicles in cases [95% (�2%)] than
that in controls [80% (�1%)]. By contrast, the pro-
portion of anagen follicles was lower in cases [91%
(�2%)] than that in controls [96% (�1%)]. The
proportion of catagen follicles was very similar in
cases 2% (�3%) and controls 2% (�4%). The
proportion of telogen follicles was higher in cases
[7% (�6%)] than that in controls [2% (�12%)]
(Fig. 1). The mean number of telogen germinal
units and residual fibrous tracts was 0.7 (�0.7) and
0.1 (�0.4) in cases and 0.7 (�0.5) and 0.2 (�0.4) in
controls, respectively (Table 1). No perifollicular
inflammatory infiltration was found in cases and
controls.

Double-staining (TUNEL/CK19) positive outer
root sheath keratinocytes showed a dark blue cyto-
plasm and brown nucleus (Figs 2 and 3). Eighty
percent of cases (n ¼ 12) and 25% (n ¼ 3) of the
controls presented TUNEL/CK19-positive cells in
the outer root sheath at the bulge level. The proportion
of positive follicles in each section in cases was 48%
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(�7%) and in controls 26% (�13%) (Table 2). There
was no correlation between CD4 cell counts and
the proportion of double-stained follicles. TUNEL-
positive/CK19-negative keratinocytes of the outer
root sheath surrounding TUNEL/CK19-positive cells
were seen in most part of cases and controls.

Discussion

Apoptosis of bulge cells was previously described in
HIV-1-diffuse alopecia;4 however, its etiopathogenic
mechanism is still unknown. There were no con-
trolled studies demonstrating that bulge CK19-posi-
tive cells apoptosis occurs in a higher degree in
HIV-1-infected patients than in normal subjects.
Although stem cell apoptosis sounds paradox, it
has been described in other self-renewing tissues
under physiological conditions and is vital for remo-
deling the follicle and bulge during catagen.8

By using a molecular immunohistochemical tech-
nique, in transverse scalp samples, we were able to
detect apoptosis in the bulge of follicles represented
in both cases and controls. The proportion of posi-
tive results (at least one double-stained follicle per
section) was 80% of cases and 25% of controls. The
proportion of follicles presenting apoptotic
(TUNEL/CK19 positive) cells in outer root sheath

at the bulge, in each section, was also higher in
HIV-1-infected patients [48% (�7%)] than that in
normal controls [26% (�13%)], and it was not
related to immunodeficiency state.

Even so, CK19 can be considered as a marker of
undifferentiated keratinocytes in the bulge, it is not
restricted to the stem cells, and it is also found in more
differentiated transit amplifying cells that originate the
secondary germ.16 In our study, we cannot be precise
immunohistochemically that apoptosis was restricted
to stem cell population.

No perifollicular inflammatory infiltrate was found
in our study, making the possibility of a cytotoxic
folliculitis (GVHD-like), as proposed by Smith et al.4,
very unlikely. Furthermore, if the stem cell compart-
ment had been damaged by a cytotoxic process,
we might expect inflammation leading to scar form-
ation and that is not the course of HIV-diffuse non-
cicatricial alopecia.

There was an architectural disorder of the peri-
follicular collagen bundles that was reflected in the
lower number of identifiable follicular units in cases
(Fig. 1). Comparing to control group, this result was
not very different, but from a morphological view-
point, it was noteworthy. Such structural alteration
is more frequently found in cicatricial alopecias but
can happen in late stages of non-cicatricial ones, as
observed in alopecia areata.17 The higher number
of telogen follicles seen in cases represents a hair
follicle cycle disturbance, leading to a chronic diffuse
telogen hair loss. This type of hair follicle cycle
disturbance can happen in the course of this chronic
infection, mainly in the late stages with a low num-
ber of CD4 cells.

Except for the protease inhibitor indinavir, there is
no relation between any drug used in HAART and
alopecia. The proposed pathologic mechanism for
indinavir-induced alopecia is an alteration of the hair
cycle induced by a disturbance on the retinoid meta-
bolism, leading to a reversible loss of telogenic hairs.18

Retinoid-like side effects as cheilitis, dry skin, parony-
chia, lipodystrophy, and alopecia are expected in
indinavir-treated patients because of the homologies
between amino acids sequences of retinoic acid-bind-
ing protein 1 (RABP-1) and the catalytic site of HIV-1
protease, the target of protease inhibitors.18–20

However, indinavir-induced alopecia has no relation
with other retinoid-like mucocutaneous manifesta-
tions, drug dosage, or CD4 cell counts, suggesting

Fig. 1. Diffuse alopecia in HIV-1-positive patient. Scalp transverse

section at the arrector pili muscle insertion level showing an

increased number of telogen follicles and terminal germinal units.

Gomori’s trichromic stain. Original magnification, �40.

Table 1. Histological morphometric analysis in diffuse non-cicatricial alopecia in HIV-1-positive patients and normal control group without alopecia

Mean
Follicular
units

Total number
of follicles

Terminal
follicles (%)

Vellus
follicles (%)

Anagen
follicles (%)

Catagen
follicles (%)

Telogen
follicles (%)

Terminal
germinal units

Follicular
stela

Cases (n ¼ 15) 9.2 (�1.1) 23.7 (�7.1) 95 (�2) 5 (�6) 91 (�2) 2 (�3) 7 (�6) 0.7 (�0.7) 0.1 (�0.4)
Controls (n ¼ 12) 9.8 (�1.1) 20.5 (�3.0) 80 (�1) 20 (�4) 96 (�1) 2 (�4) 2 (�12) 0.7 (�0.5) 0.2 (�0.4)
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the possibility that this interference with the retinoid
metabolism may not be sole pathogenic mechanism of
this drug-induced alopecia.21 One of our cases had
used indinavir for 6 months prior to biopsy. He pre-
sented no other mucocutaneous retinoid-like manifes-
tations, and stem cell apoptosis was found in 82% of
the follicles represented.

Apoptosis can be induced by the activation of death
receptors (Fas, p55 TNF receptor, and TRAIL/APO
2-L receptors 1and 2)22–26 or by the mitochondrial
pathway,23 both leading to caspase activation and
proteolytic cleavage. There are many HIV-1-
mediated alterations in molecules that regulate apop-
tosis process, and there are virus proteins that are able
to induce apoptosis of infected and uninfected cells,

mainly T lymphocytes.27 Among them, viral protein
R (Vpr), a small (14 kDa) HIV-1 accessory protein,
has many functions and acts as a chaperone.28,29

Vpr was initially related to the induction of rhabdo-
myosarcoma cell differentiation and was later related
to induction of cell-cycle arrest at the G2/M phase
of the cell cycle, and this arrest is followed by apopto-
sis.28,29 Besides, HIV-1 Vpr is sufficient to induce
caspase activation and apoptosis.30

In an attempt to explain the follicular stem cell
apoptosis observed in diffuse alopecia of HIV-1-
infected patients, it is feasible that Vpr could induce
a follicular stem cell cycle arrest in the G2/M phase
that could be the cause of the catagen regression.
The referred cell-cycle arrest could also lead to a
telogen effluvium after the transient amplifying cells
(secondary germ) in the bulb become postmitotic. In
addition to that, after interaction with the mitochon-
drial membrane (increase Bax and decrease Bcl-2
expression), Vpr induces apoptosis of some cells. A
similar mechanism has been observed in the patho-
genesis of neuronal apoptosis induced by Tat pro-
tein in the context of the oxidative stress, with high
levels of TNF-a in HIV-1 dementia.31

Although our study set is small, it demonstrated
that diffuse alopecia found in HIV-1-infected patients
represents a hair cycle interruption that manifests
itself through an effluvium. The study also demon-
strated that part of the follicular stem cell population
becomes apoptotic in a greater extent than in normal
subjects. In which extent follicular stem cell apoptosis
is no more than a consequence of the catagen regres-
sion instead of the cause of this chronic diffuse telo-
gen hair loss is to be evaluated. No cytotoxic
folliculitis was found. Assuming that stem cell apop-
tosis plays a role in the pathogenesis of this alopecia,
one should seek a soluble factor that could be respon-
sible for apoptosis induction. Because of its cell-cycle
interaction and caspase-induction capacities,28–30 we
propose the HIV-1 protein Vpr as a possible answer.
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Fig. 3. Diffuse alopecia in HIV-1-positive patient. Note CK19-posi-

tive apoptotic cells in the outer root sheath, where follicular stem

cells reside. CK19-negative cells labeled by TUNEL reaction are

also observed. TUNEL (DAB, brown)/CK19 (NBT/BCIP, dark

blue) double labeling. Original magnification, �1000.

Fig. 2. Diffuse alopecia in HIV-1-positive patient. Horizontal sec-

tion of a hair follicle at the bulge level, showing double-labeling

TUNEL (DAB, brown)/CK19 (NBT/BCIP, dark blue)-positive

cells in the outer root sheath. Original magnification, �200.

Table 2. Apoptosis of follicular stem cells at the bulge in diffuse non-
cicatricial alopecia in HIV-1-positive patients and normal control group
without alopecia

Positive results
(CK19/TUNEL-
positive cells
at the bulge) (%)

Double-stained
follicles per section
percentage (%)

Cases 80 48 (�7)
Controls 25 26 (�13)
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