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Abstract: Peptide T (PT) is an octapeptide shown to resolve psoriatic
lesions. Our previous investigations suggest that keratinocytes play an
important role in conditioning the therapeutic effects of the PT in
psoriasis. However, peptides are not good therapeutic agents, because
they exhibit poor absorption, are easily metabolized and are immuno-
genic. Using computational methods, the natural product amygdalin
was identified as peptidomimetic of PT. However, amygdalin exhibits a
toxic profile due to its cyanide group. To overcome this deleterious
effect, we synthesized analogues lacking the cyanide group. Human
keratinocytes were treated with PT or with three different peptido-
mimetics of PT. To study its effects on the expression of HSP-70,
TGF-b, a-v integrin, ICAM-1 and cytokines, we analysed the protein levels
by Western blot and ELISA. Our results show that the different pepti-
domimetics of PT tested exhibit a similar biological behaviour in regard
to the overexpression of HSP-70, TGF-b and a-v integrin than the
native peptide. TNF-a is overexpressed by PT and SVT-03018; between
the other two analogs, SVT-03016 do not produce any significant
change in regard to the control, while SVT-03017 shows only a mod-
erate increase in regard to control. SVT-03018 provokes a remarkable
upregulation of IL-10, stronger than SVT-03016, SVT-03017 and PT.
All the other three analogues reduce comparably to the PT, the
expression of ICAM-1 and do not increase the release of proinflamma-
tory cytokines. The results highlighted that the three analogues of
amygdalin with the cyanide group removed exhibit the same biological
effects of PT. Therefore, they can be considered peptidomimetics, sug-
gesting their possible use in the treatment of psoriasis.
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Introduction

Peptide T (PT), an octapeptide fragment located in
the V2 region of the HIV-1 gp120-coating protein,
appears to be beneficial in the treatment of psor-
iasis (1–3). Various hypotheses have been proposed
in connection to its mechanism of action (4,5). The
clear clinical and histological improvement of the
majority of patients studied by Talme et al. (3)
suggests that PT may possibly become a new alter-
native in the treatment of psoriasis.
In spite of the promising properties exhibited

by PT, peptides are not good therapeutic agents,
because they exhibit poor absorption, are easily

metabolized and are immunogenic. Accordingly,
discovery of peptidomimetics represents a neces-
sary step to design more useful molecules for
testing their efficacy for the treatment of
psoriasis.
Previous investigations demonstrate that PT

induces IL-10 production in the human Th2 cell
line and peripheral blood mononuclear cells, with
a significant inhibition of IFN-g production in
this latter. Furthermore, PT significantly inhibits
the monocyte and lymphocyte chemotactic activ-
ity of RANTES, being proposed that this antic-
hemotactic activity as responsible of its
therapeutic efficacy in psoriasis (6).
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Our previous investigations using human kera-
tinocyte cells treated with PT suggest that these
cells play an important role in conditioning the
therapeutic effects of the peptide in cutaneous
psoriasis (7). Our studies show that PT induces
a reduction of ICAM-1 as well as an overexpres-
sion of TGF-b, HSP70 and a-v integrin in human
keratinocyte cells, and more specifically, the
increase of HSP-70 is modulated by TGF-b,
because anti-TGF-b antibodies reduce HSP-70
overexpression. Interestingly, TGF-b reversibly
inhibits the growth of many cell types including
keratinocytes (8), being also responsible of stimu-
lating the differentiation of keratinocytes in cul-
ture (9). Overexpression of HSP-70 results in a
dramatic change in the intermediate filaments
(10). This is of particular interest in psoriasis,
because the reduced adhesion of keratinocytes
to the basement membrane was proposed as an
initial alteration that leads to uncontrolled cellu-
lar proliferation. Thus, PT may act on keratino-
cytes, directly by stimulating the anti-
inflammatory function, reducing the cellular
hyperproliferation and favouring the regenera-
tion of tissue.
In a previous study, from a structure-activity

study using computational methods, the natural
product amygdalin was identified as candidate
peptidomimetic of PT (11). Subsequently, the
molecule was tested for its chemotactic activity,
showing a similar profile as PT. However, amyg-
dalin exhibits a toxic profile due to the easy
hydrolization of its cyanide group. To avoid
this drawback in a subsequent study, guided by
the pharmacophore hypothesis developed from
the structure-activity studies previously
described, different amygdalin analogues lacking
the cyanide group were synthesized and tested.
This study permitted us to identify new com-
pounds with improved chemotactic activity (12).
The aim of the present investigation was to deter-
mine the immunomodulating effects on keratino-
cytes of a subset of peptidomimetics of PT,
selected for its higher chemotactic index. This series
include compounds SVT0317, SVT0316 and
SVT0318 shown in Fig. 1. For this purpose, we
studied the effect of these analogues on the in vitro
expression of TGF-b1, using human keratinocyte
cells as an experimental model, with the aim to
compare their biological effects with that of PT.
Moreover, we analysed the modulation of ICAM-
1, a-v integrin and HSP-70 on human keratinocyte
cells treated or not, respectively, with them. Finally,
we also analysed the expression of cytokines
involved in immunomodulation of psoriasis,
such as IL-6, IL-8, IL-10, TNF-b and IFN-g.

Materials and methods

Cell culture and treatments

Human keratinocytes were obtained from surgical specimens
of normal adult skin (following informed consent). The skin
was split overnight in dispase (Sigma, Milan, Italy) at 4 �C.
Epidermal sheets were removed from the dermis, and single-
cell suspensions were obtained by placing epidermal sheets in
0.05% trypsin – 0.53mM EDTA for 150 at 37 �C. Following
incubation, trypsin activity was stopped by adding 10ml of
soybean trypsin inhibitor (Life Technologies, Milan, Italy),
and the keratinocyte cell suspensions were centrifuged. The
resulting cell pellet was cultured in defined serum-free kera-
tinocyte medium (Life Technologies) at a density of approxi-
mately 3� 106 cells per flask in 15ml of complete medium.
Keratinocyte cultures were fluid changed with fresh complete
medium every 2–3 days (13).
Where required, 5� 105 cell aliquots were plated in multi-

well plates (FALCON, Milan, Italy) and treated with PT
(Ala-Ser-Thr-Thr-Thr-Asn-Tyr-Thr, Sigma) for 24 and 48 h
at 10�8M as previously described (7) and the peptidomi-
metics of PT: SVT-03016 with a molecular weight of 462,
SVT-03017 with a molecular weight of 511, SVT-03018 with
a molecular weight of 492, at different times (24 and 48 h)
and at various concentrations (10�8 and 10�6M), as
described in the different experiments carried out.

Protein extraction and Western blotting analysis

Human keratinocyte cells, 5� 105 cells/well, were treated or not
with PT, respectively, and with SVT-03016, SVT-03017 and
SVT-03018 at various concentrations (10�8 and 10�6M) and
at different times (24 and 48 h). To study the role of TGF-b1 on
HSP-70 induction, we stimulated human keratinocyte cells with
peptidomimetics of PT, with or without antibody anti-TGF-b1
(1 and 5mM) (Sigma), respectively, during 24 h. The cells were
scraped with 1ml of PBS, and the cell pellet was homogenized
with 300 ml of ice-cold buffer (50mM HEPES pH7.5, 150mM
NaCl, 1% glycerol, 1% Triton, 1,5mM MgCl2 and 5mM
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Figure 1. Structure of the three compounds studied in the pre-
sent study.
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EGTA) supplemented with 20mM sodium pyrophosphate, 40
mg/ml of aprotinin, 4mM PMSF, 10mM sodium orthovana-
date and 25mM NaF. Total extracts were cleared by centrifu-
gation for 30min at 4 �C at 10000 g and assayed for the protein
content by Bradford’s method (14). Fifty microgram of proteins
were electrophoresed through a polyacrylamide gel and trans-
ferred to nitrocellulose membranes, and the filters were stained
with 10% Ponceau S solution for 2min to verify equal loading
and transfer efficiency. Blots were blocked overnight with 5%
non-fat dry milk and then incubated with anti-HSP-70
(Stressgen, Milan, Italy), anti-TGF-b1 (Sigma), anti a-v
(Chemicon, Milan, Italy), anti-ICAM-1 (Santa Cruz, Milan,
Italy), anti-b-tubulin (Sigma) monoclonal antibodies and 1mg/
ml in tris-buffered saline (TBS) (150mM NaCl, 20mM Tris-
HCl pH8), for 2 h at room temperature. After washing with
0.1% Tween-20 PBS, the filters were incubated with 1:2000
peroxidase-conjugated anti-mouse immunoglobulins for 1 h at
22�C. They were extensively washed and finally analysed using
the ECL system (Amersham, Milan, Italy).

Release of cytokines IL-6, IL-8, IL-10, IFN-�, and
TNF-� from human keratinocytes

Cytokine release was evaluated on the harvested culture super-
natants of human keratinocytes (2� 106 cells/well) seeded in
multiwell plates (Falcon Labware, Oxnard, CA, USA) and
treated with PT and peptidomimetics of PT at previously indi-
cated concentrations vs. the control. The incubation was per-
formed for 24 and 48 h at 37 �C in 5% CO2. Cell viability was
then checked by the trypan blue exclusion test. All measure-
ments were carried out using monoclonal antibodies. IL-6, IL-8,
IL-10, IFN-g and TNF-a were measured by immunoenzymatic
methods (ELISA RD System Inc., Minneapolis, MN, USA).

Results

Peptidomimetics of peptide T modulate HSP70
expression in human keratinocyte cells

Semiconfluent human keratinocyte cells were
treated or not with PT and with peptidomimetics
ofPTandatvariousconcentrations (10�8and10�6M)
and for different times (24 and 48 h).
As can be seen in Fig. 2, Panel A, the induction

of HSP70 compared with the control is greater at
all the concentrations of PT analogues used, and it
exhibits its largest values at concentrations 10�8M,
and consequently, it was used in our time experi-
ments. Figure 2, Panel B, shows the induction of
HSP70 at different incubation times. The
increase in expression of these proteins is already
evident after 24-h period of incubation with the
different peptidomimetics of PT.

Peptidomimetics of peptide T induce TGF-�1
production in human keratinocyte cells

Semiconfluent monolayers of human keratino-
cyte cells were treated or not, respectively, with
PT and with the different peptidomimetics of PT
at a concentration 10�8M during 24 and 48 h,
respectively. In these periods, proteins were

extracted and analysed by Western blot, as
described in Materials and methods section,
using an anti-TGF-b1 antibody. The results,
shown in Fig. 3 Panel A, indicate that TGF-b1
is induced already at the 24 h.

HSP70 induction by peptidomimetics of peptide T
is TGF-�1 mediated

Human keratinocyte cells were treated or not
with PT and the different peptidomimetics of
PT at a concentration 10�8M during 24 h in pre-
sence or not, respectively, of the anti-TGF-b1
blocker (1 and 5 mM). As can be seen in Fig. 3
Panel B, treatment with peptidomimetics of PT
or PT in the presence of anti-TGF-b1 reduces the
expression of HSP70. More specifically, the pro-
tein levels return to the baseline.

�-v integrins are early modulated by
peptidomimetics of peptide T

To study the modulation of PT and its peptido-
mimetics on a-v integrins, we either treated or
not human keratinocyte cells with PT and the
different peptidomimetics of PT at a concentra-
tion of 10�8M during 4, 12 and 24 h, respectively.
At these times, proteins were extracted and
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Figure 2. (a) HSP-70 induction at various concentrations (and
10�6 and 10�8M), and (b) for different times (24 and 48 h), of
peptidomimetics of peptide T (PT) and PT, in human keratino-
cyte cells. b-tubulin was used as internal control of protein
loaded. The results are representative of three different
experiments.
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analysed by Western-blot, as described in the
Materials and methods section. The experiments
show that the a-v integrin is modulated by pepti-
domimetics of PT at the different times studied.
Specifically, Fig. 4 shows how SVT-0317 modu-
lates the expression of the a-v integrin in an early
stage (after 4 h), in a similar manner how
PT does. On the contrary, SVT-0316 and SVT-
0318 modulate the a-v integrin expression
only after 12 h. At 24 h, the protein level returns

to the baseline, independently of the treatment
subjected.

Peptidomimetics of peptide T downregulated
ICAM-1 in human keratinocytes

Semiconfluent human keratinocyte cells were
treated or not with PT and the different peptido-
mimetics of PT at a concentration of 10�8M
during periods of 24 and 48 h, respectively. As
shown in Fig. 5, the different peptidomimetics of
PT as well as PT itself downregulate ICAM-1
expression already 24 h after the treatment.

Release of cytokines IL-6, IL-8, IL-10, IFN-� and
TNF-� from human keratinocytes stimulated with
of peptidomimetics peptide T

Cytokine release was evaluated on the harvested
culture supernatants of human keratinocytes
(2� 106 cells/well) seeded in multiwell plates
and treated with the different peptidomimetics
of PT as well as PT, respectively, at the pre-
viously indicated concentrations. The incubation
was performed for periods of 24 and 48 h, respec-
tively, at 37 �C in 5% CO2. All measurements
were carried out using monoclonal antibodies.
IL-6, IL-8, IL-10, IFN-g and TNF-a were mea-
sured by ELISA.
IL-6, IL-8 and IFN-g do not exhibit any differ-

ence in concentration on keratinocytes stimulated
with the different peptidomimetics in comparison
to the control keratinocytes or those treated with
PT (data not shown). In contrast, IL-10 exhibits
an increased concentration in the keratinocytes
stimulated during 48 h by PT or the different
peptidomimetics of PT. This increase is more
evident after stimulation with SVT-03018
(Fig. 6, Panel A). Finally, TNF-a exhibits an
overexpression in keratinocytes stimulated by
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Figure 3. (a) TGF-b1 induction after 24 and 48 h of incubation
with peptidomimetics of peptide T (PT) and PT 10�8M in
human keratinocyte cells. b-tubulin was used as internal control
of protein loaded. The results are representative of three differ-
ent experiments. (b) HSP-70 induction in human keratinocyte
cells treated with peptidomimetics of PT and PT 10�8M for
24 h in presence or not of the anti-TGF-b1 blocker (1 and
5mM). b-tubulin was used as internal control of protein loaded.
The results are representative of three different experiments.
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PT and SVT-03018 after 48 h at a concentration
of 10�8M; between the other two analogs, at the
same time of stimulation, SVT 03016 (10�8M) do
not produce any significant change in regard to
the control, while SVT 03017 (10�8M) shows
only a moderate increase of TNF-a expression
in regard to the control (Fig. 6, Panel B).

Conclusions

Current hypotheses of the aetiology of psoriasis
involve cell-mediated immune responses and
cytokine expression that invokes an inflamma-
tory response leading to psoriatic plaques.
Selective immunomodulation treatment targets
these specific immune responses with the goal of
less-toxic side-effect profiles and serves as the
next generation of therapy in controlling and
possibly curing psoriasis. Four basic strategic
approaches that focus on the steps involved in
the immunopathology of psoriasis are elimina-
tion of the pathogenic T cells; inhibition of
T-cell activation, proliferation and migration;
immune deviation to downregulate the type 1

(TH1) response predominant in psoriasis and
blockade of cytokine production (15).
Pioneering clinical trials dealing with immu-

notherapy include the use of PT (16). However,
due to the poor pharmacological profile of pep-
tides, it is sometimes difficult to prove their ther-
apeutic benefit. Our previous studies evidenced
the important role played by keratinocytes in jus-
tifying the therapeutic activity of PT. The best
results were obtained with low concentration of
PT, because many peptides at more high concen-
tration show an self-aggregation, that prevents the
correct interaction between the peptide and the
specific receptor (7). For this reason, we decided
to study the biological behaviour of different pep-
tidomimetics of PT on human keratinocytes.
Our results show that the different peptido-

mimetics of PT tested exhibit a similar behaviour
in regard to the overexpression of HSP-70 and
TGF-b, as well as the modulation of the former
by the latter. Moreover, present results show that
SVT-0317 as well as PT modulates early (after
4 h) the expression of the a-v integrin, while the
SVT-0316 and SVT-0318 modulate the a-v integ-
rin expression only after 12 h.
Finally, the expression of TNF-a is clearly dif-

ferentiated. TNF-a is overexpressed by PT and
SVT-03018; between the other two analogs, SVT-
03016 do not produce any significant change in
regard to the control, while SVT-03017 shows
only a moderate increase in regard to control.
Several studies have demonstrated that TNF-a
is implicated in the pathogenesis of psoriasis,
and TNF-a levels have been shown to be
increased in psoriatic plaques.
IL-10 exhibits an increase in its release from

keratinocytes stimulated during 48 h by PT and
the different peptidomimetics of PT, particularly
by SVT-03018. Early data from patients with
psoriasis treated with recombinant IL-10 suggest
the therapeutic potential of this cytokine that has
receptors in epidermal cells and appears reduced
in psoriatic skin (17–20).
Finally, it is interesting to stress the similar

behaviour of PT and the different analogues stu-
died on the regulation of proinflammatory cyto-
kines, such as IL-6, IL-8 and IFN-g, as well as on
the reduced ICAM-1 expression. The involve-
ment of their proinflammatory role on psoriasis
has been demonstrated, and specifically, the
involvement of IFN-g and ICAM-1 on the adhe-
sion of lymphoblasts to epidermal keratinocytes
has been demonstrated (21).
In conclusion, the results of the present work

demonstrate that the three analogues of amygda-
lin with the cyanide group removed exhibit the
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same functional properties of PT and can conse-
quently be considered peptidomimetics, suggesting
their possible use in the treatment of psoriasis.
The results obtained on HSP 70, TGF-b and

a-v integrin expression demonstrate that the dif-
ferent analogues studied have the same effects of
PT, with the property of provoking cell–cell
contact detachment, inhibition of cellular prolif-
eration, increase of migration of keratinocytes
and epidermal regeneration of tissue.
SVT-03016 and SVT-03017 reduce the TNF-a

release respect to PT and induce an increment of
IL-10 expression comparable with that of PT.
Finally, SVT-03018 provokes a remarkable upre-
gulation of IL-10, stronger than SVT-03016,
SVT-03017 and PT. Moreover, all the other
three analogues reduce comparably with the PT,
the expression of ICAM-1 and do not increase
the release of proinflammatory cytokines.
Present results point out the differences in the

pharmacological profile of the different analo-
gous tested, suggesting further experiments in
this direction also with different experimental
cellular models.

Acknowledgements

The authors appreciate Laboratorios Salvat SA for providing us
with samples of the different amygdalin analogues. J.J. Perez is
indebted to the Fundacion Inquifarma for financial support. This
research has been supported by the Spanish Ministry of Science
and Technology through grant PTR1995-0404-OP-02–02.

References

1. Raychaudhuri S P, Farber E M, Raychaudhuri S K.
Immunomodulatory effects of peptide T on Th 1/Th 2
cytokine. Int J Immunopharmacol 1999: 21: 609–615.

2. Farber E F, Cohen E N, Trozak D J, Wilkinson D I.
Peptide T improves psoriasis when infused into lesions
in nanogram amounts. J Am Acad Dermatol 1991: 25:
658–664.

3. Talme T, Rozell B L, Sundquist K G et al.
Histopathological and immunohistochemical changes
in psoriatic skin during peptide T treatment. Arch
Dermatol Res 1995: 287: 553–557.

4. Bjerke J R, Hawkenes G, Livden J K et al. Activated T
lymphocytes, interferon and retrovirus-like particles in
psoriatic lesions. Arch Dermatol 1983: 119: 955–956.

5. Johansson O, Hilliges M, Talme T et al. Somatostatin
immunoreactive cells in lesional psoriatic human skin
during peptide T treatment. Acta Derm Venereol 1994:
74: 106–109.

6. Raychaudhuri S K, Raychaudhuri S P, Faber E M.
Anti-chemotactic activities of peptide T: a possible
mechanism of actions for its therapeutic effects on psor-
iasis. Int J Immunopharmacol 1998: 20: 661–667.

7. Tufano M A, Greco R, Paoletti I, Donnarumma G,
Canozo N, Baroni A. Immunomodulatory effects of
peptide T on human keratinocyte cells. Br J Dermatol
2002: 147: 663–669.

8. Shipley G D, Pittelkow M R, Willie J J Jr et al.
Reversible inhibition of normal human prokeratinocyte
proliferation by type ß transforming growth factor –
growth inhibitor in serum-free medium. Cancer Res
1986: 46: 2068–2071.

9. Reiss M, Sartorelli A C. Regulation of growth and
differentiation of human keratinocytes by type b trans-
forming growth factor and epidermal growth factor.
Cancer Res 1987: 47: 6705–6709.

10. Welch W J. Mammalian stress response: cell physiology,
structure/function stress proteins, and implications
for medicine and disease. Physiol Rev 1992: 72: 1063–1081.

11. Llorens O, FilizolaM, Spisani S,MarastoniM,Herranz C,
Perez J J. Amygdalin binds to the CD4 receptor as
suggested from molecular modelling studies. Bioorg
Med Chem Lett 1998: 8: 781–786.

12. Araya E, Rodrı́guez A, Rubio A et al. Synthesis and
evaluation of diverse analogs of amygdalin as potential
peptidomimetics of peptide T. Bioorg Med Chem Lett
2005: 15: 1493–1496.

13. Boyce S T, Ham R G. Calcium regulated differentiation
of normal human epidermal keratinocytes in chemically
defined clonal culture and serum free serial culture.
J Invest Dermatol 1983: 81: 33–40.

14. Bradford M. A rapid and sensitive method for the
quantification of microgram quantities of protein
using the principle of protein binding. Anal Biochem
1976: 72: 248–256.

15. Kormeili T, Lowe N J, Yamauchi Y. Psoriasis: immuno-
pathogenesis and evolvine immunomodulators and sys-
temic therapies; U. S experiences. Br J Dermatol 2004:
151: 3–15.

16. Tutrone D W, Kagen M H, Barbagallo J, Weinberg J M.
Biologic therapy of psoriasis: a brief history, I. Cutis
2001: 68: 331–336.

17. Asadullah K, Sabat R, Wiese A et al. Interleukin-10 in
cutaneous disorders: implications for its pathophysiolo-
gical importance and therapeutic use. Arch Dermatol
Res 1999: 291: 628–636.

18. Asadullah K, DockeWD, EbelingM et al. Interleukin-10
treatment psoriasis. Arch Dermatol 1999: 135: 187–192.

19. Asadullah K, Sabat R, Wiese A et al. Interleukin-10 in
cutaneous disorders: implication for its pathophysio-
logical importance and therapeutic use. Arch Dermatol
1999: 291: 628–636.

20. Seifert M, Gruenberg B H, Sabat R et al. Keratinocyte
unresponsiveness towards interleukin-10: lack of speci-
fic binding due to deficient IL-10 receptor 1 expression.
Exp Dermatol 2003: 12: 137–144.

21. Dustin M L, Singer K H, Tuck D T, Springer T A.
Adhesion of T lymphoblast to epidermal keratinocytes
is regulated by interferon-g and is mediated by intercel-
lular adhesion molecule-1 (ICAM-1). J Exp Med 1988:
167: 13–23.

Peptidomimetics of PT immunomodulate keratinocytes

859


