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Systemic immunomodulatory effects of
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to PUVA therapy in generalized vitiligo:
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Although extensive research has been done to
improve the treatment of vitiligo, an universal
effective treatment for vitiligo is not yet available
[1]. PUVA therapy has demonstrated to have immunomodulatory effects, mainly in the T lymphocyte
compartment but has several adverse effects, such
as skin cancer risk [2,3]. The optimization of PUVA
therapy is a relevant clinical objective in the management of vitiligo patients.
Polypodium leucotomos (PL) extract has demonstrated to have relevant photoprotective effects in
humans [4,5] and animal models [6]. These biological effects may be involved in the action mechanism
of PL on vitiligo patients, and could explain the
enhancement of the pigmentary response of conventional PUVA by PL when this was used as adjuvant
treatment in vitiligo patients [4].
In order to optimize PUVA treatment for management of vitiligo patients, we therefore investigated
potential immunomodulatory effects of PUVA associated with PL. For this purpose, a pilot randomized,
double-blind, placebo-controlled, clinical trial
designed to study effects of PUVA + PL on T lymphocytes from 19 generalized vitiligo patients was conducted (Table 1). At baseline (before first PUVA
session) and after 12 weeks of treatment (before
of the last PUVA session), peripheral blood both from
patients and from each corresponding control was
withdrawn. Repigmentation response was evaluated

by three independent dermatologists at 12 weeks
and graded as none or minimal (<25%), mild (25—
50%) and moderate to excellent (>50%). Peripheral
blood mononuclear cells (PBMC) isolation, immunofluorescence and proliferative response (PR) assays
have been previously described [7].
At baseline we observed an abnormal in vivo
activation of T lymphocytes in patients (increased
CD25 and HLA-DR expression and decreased percentage of CD8+CD45RO+ cells) (Fig. 1, Panel A). The
percentages and absolute counts of CD56+CD3,
CD16+, CD2+, CD3+, CD3+CD4+, CD4+CD45RA+,
CD4+CD45RO+, CD3+CD8+, CD8+CD45RA+, CD11a+,
CD11b+, CD19+ and CD45+ cells were similar in
patients and healthy controls (data not shown).
Subjects treated with PUVA + placebo did not significantly change any of the parameters analyzed,
however, in patients receiving PUVA + PL, we
observed a significant increase in the percentage
of CD8+CD45RA+ subset (24.5  1.5 to 33.7  2.6)
with a significant decrease in the percentage of
CD25+, HLA-DR+ and CD8+CD45RO+ lymphocytes
when compared to baseline. As shown in Panel B,
there was no significant difference in the PR of PBMC
between patients and healthy controls. Whereas no
significant change in the PR was seen after treatment with PUVA + placebo, the treatment with
PUVA + PL provoked a significant decrease in the
PR as compared to baseline and controls. The in
vitro addition of ionomycin or IL-2 significantly
increased PR from all subjects when compared to
those found in the presence of anti-CD3+TPA alone.
The addition of IL-4 did not induce significant modifications in the PR of patients treated with PUVA + placebo, but significantly reduced the PR of the
group treated with PUVA + PL with respect to that
found in presence of anti-CD3+TPA alone.
We found that the percentage of subjects with a
skin repigmentation >50% was significantly higher in
arm of PUVA + PL than in the arm with PUVA + placebo. The PUVA treatment significantly decreased
the percentages of CD3+CD25+ and CD8+CD45RO+
cells in the patient group with a mild repigmentation response (Panel C). We also found that the PUVA
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Table 1 Profile, treatment and clinical response of vitiligo patients
Patients
number

Age
(years)/sex

Duration of
disease (years)

Family history
of vitiligo

Adjuvant to
PUVA treatment

Clinical response
after PUVA therapy

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

54/female
27/male
50/female
33/male
20/male
50/female
24/male
59/female
45/female
35/male
19/female
38/male
42/female
71/male
50/male
26/female
47/female
20/female
38/male

10.57
9.04
3.04
9.18
13.20
6.06
6.24
12.35
4.35
23.55
6.55
2.57
15.57
2.57
13.97
9.04
13.04
3.08
1.24

No
No
No
No
No
Yes
Yes
No
No
No
No
No
No
No
No
No
No
Yes
No

Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
PL
PL
PL
PL
PL
PL
PL
PL
PL
PL

None or minimal
None or minimal
Mild
None or minimal
Mild
Mild
None or minimal
Mild
None or minimal
None or minimal
Mild
Moderate to excellent
Moderate to excellent
Moderate to excellent
Mild
Mild
Moderate to excellent
None or minimal
Moderate to excellent

A computer program makes the assignment in placebo or PL arms. All patients had generalized vitiligo for a mean  S.D. of
8.69  5.69 years, all patients had skin phothotype II—III. No acral and/or segmental vitiligo patients were included in this study. None
of the patients had another significant intercurrent disease of the immune system, such as AIDS, congenital immunodeficiencies,
lymphoma, leukemia or myelodysplasic syndrome, autoimmune diseases, active infection, history of malignancy, psychiatric or
severe organic diseases. None of the patients had previously received treatment with PUVA, steroidal drugs, cytokines or other
immunomodulators for at least 6 months. Patients with acral vitiligo were excluded as well. After treatment, the classification of
vitiligo patients was similar although we found improve in the repigmentation in some patients treated with PUVA. The study followed
the principles of Declaration of Helsinki. All patients were treated with a combination of PUVA + PL or PUVA + placebo for 12
consecutive weeks. 8-Methoxypsoralen was given 2 h before each session of UVA irradiation at a dose of 0.6 mg/kg body weight. UVA
irradiation was applied with a solar simulator which emits 90% UVA and 10% UVB irradiation. The initial irradiation dose was 0.5 J/cm2
with subsequent increases of 0.5 J/cm2 in order to reach a moderate and asymptomatic erythema (mean dose of 8 J/cm2). The
frequency of PUVA sessions in both arms of the study was three times per week. The cumulative UVA dose after 12 weeks was 324 J/
cm2, similar in both groups of patients. PL (Difur1, Industrial Farmaceutica Cantabria [IFC], Madrid, Spain) or placebo (starch) were
given orally at a dose of 720 mg/day. An additional dose of 720 mg was given 1 h before irradiation.

treatment significantly decreased the percentage of
CD3+CD25+, CD3+HLADR+ and CD8+CD45RO+ cells in
the patient group with a moderate to excellent
response. The treatment with PUVA in patients with
a mild/moderate to excellent repigmentation
response provoked a significant decrease in the PR
to T cell mitogens as compared to baseline and
healthy controls (Panel D). Furthermore, this significant reduction was also observed in the presence
of ionomycin, IL-2 or IL-4 in the culture medium. For
all the patients as a whole, we observed a significant
correlation between the clinical response and
the percentage of CD3+CD25+ cells (correlation
coefficient = 0.493).
The normal PR of PBMC from generalized vitiligo
patients differs from those seen in other autoimmune diseases with similar activation of T lymphocytes [7]. It might be argued that the alteration of
the T lymphocyte compartment from vitiligo
patients does not reach the levels of functional
abnormality observed for us in other systemic dis-

eases [7]. PUVA therapy induces a cell cycle arrest
and subsequent apoptosis in T lymphocytes from
vitiligo patients [8]. Our data indicate that PUVA
therapy is not able to suppress the abnormal in vivo
activation of the T lymphocyte nor has it functional
effects on the PR of PBMC. In contrast, PUVA + PL
therapy normalized the expression of activation
markers by Tcells and it suppressed the proliferation
of PBMC to mitogens. These effects of the adjuvant
use of PL agree with its known biological effects,
since PL has demonstrated to have immunomodulatory activity upon T cell activation [9].
The relevance of the immunosuppression in the
treatment of vitiligo has been described but the
toxicity of the analyzed immunosuppressive drugs,
such as cyclosporine or steroids, as well as the
transitory effects of these treatments have limited
their clinical use. The increased long-term skin
cancer risk observed in PUVA treated patients is
also a limiting factor in this treatment modality
in vitiligo patients. In this study, neither significant
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Fig. 1 Immunophenotype and proliferative responses of PBMC from healthy controls and vitiligo patients. Panels A and B
show immunophenotype and proliferative responses of PBMC from healthy controls (n = 19) and those from vitiligo
patients at baseline (n = 19) and after PUVA + placebo treatment (n = 9) or PUVA + PL treatment (n = 10). Panels C and D
show immunophenotype and proliferative responses of PBMC from vitiligo patients classified according to clinical
response, none or minimal (n = 7), mild (n = 7) and moderate to excellent (n = 5) at baseline and after treatment.
Expression of CD25+ ( ), HLA-DR+ ( ) and CD8+CD45RO+ ( ) and proliferative responses in presence of anti-CD3+TPA (‘),
and after the addition of ionomycin (&), IL-2 ( ) or IL-4 ( ). Data are shown in percentage as mean  S.D. (Panels A and
C) or in cpm as mean  S.E.M. (Panels B and D). *p < 0.05 vs. healthy controls; Mann—Whitney U-test. **p < 0.01 vs.
healthy controls; Mann—Whitney U-test. yp < 0.05, indicated significant decrease from baseline; Wilcoxon Signed Ranks
test. yyp < 0.01, indicated significant decrease from baseline; Wilcoxon Signed Ranks test. zp < 0.05, indicate significant
differences compared to anti-CD3+TPA polyclonal stimulation alone; Wilcoxon Signed Ranks test.

phototoxic side effects nor carcinogenesis were
found in both groups of patients. The immunosuppressive effects observed with PUVA + PL treatment, might explain the higher rate of patients
with moderate to excellent repigmentation. These
clinical results agree with previous reports of acceleration and increase in the pigmentary response of
conventional PUVA therapy in vitiligo patients
(extensive instead of extended) treated with oral
PL [4]. The immunomodulatory effects seen with
the adjuvant use of PL in PUVA treatment of vitiligo
patients, and the clinical results observed, justify
further clinical trials with large patient populations.
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