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A B S T R A C T

Human T-lymphotropic virus type 1 (HTLV-1) induces a strong activation of the immune system,
especially in individuals with HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP).
Physalin F is a secosteroid with potent anti-inflammatory and immunomodulatory activities. The present
study aimed to investigate the effects of physalin F on peripheral blood mononuclear cells (PBMC) of
HAM/TSP subjects. A concentration-dependent inhibition of spontaneous proliferation of PBMC from
HAM/TSP subjects was observed in the presence of physalin F, as evaluated by 3H-thymidine uptake. The
IC50 for physalin F was 0.97 � 0.11 mM. Flow cytometry analysis using Cytometric Bead Array (CBA)
showed that physalin F (10 mM) significantly reduced the levels of IL-2, IL-6, IL-10, TNF-a and IFN-g, but
not IL-17A, in supernatants of PBMC cultures. Next, apoptosis induction was addressed by using flow
cytometry to evaluate annexin V expression. Treatment with physalin F (10 mM) increased the apoptotic
population of PBMC in HAM/TSP subjects. Transmission electron microscopy analysis of PBMC showed
that physalin F induced ultrastructural changes, such as pyknotic nuclei, damaged mitochondria,
enhanced autophagic vacuole formation, and the presence of myelin-like figures. In conclusion, physalin
F induces apoptosis of PBMC, decreasing the spontaneous proliferation and cytokine production caused
by HTLV-1 infection.
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1. Introduction

Human T-lymphotropic virus type 1 (HTLV-1) infects 5–
10 million people, mainly in Latin America, the Caribbean, South
and Central Africa, and Japan [1]. The virus is the etiological agent
of two major diseases, adult T-cell leukemia and lymphoma (ATL)
and a progressive neurologic disease, known as HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP), which occur
in less than 5% of infected individuals[2,3]. Less frequently, the
virus causes uveitis and infective dermatitis [4,5]. In addition,
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HTLV-1-infected individuals are more prone to other infectious
diseases such as disseminated strongyloidiasis, severe scabies, and
tuberculosis, suggesting an impairment in the immune response
[6–10].

HTLV-1 preferentially infects memory CD45RO+ CD4+ and CD8+

T-lymphocytes, monocytes, and dendritic cells, leading to persis-
tent infection and strong immune activation [11–13]. Spontaneous
proliferation of CD4+ and CD8+ T-cell subsets, as well as NK cells,
are found in HTLV-1-infected individuals in both in vitro and in
vivo [14–17]. T-lymphocyte activation, reduced lymphoprolifer-
ative response to recall antigens in vitro and high production of
proinflammatory cytokines such as IFN-g, TNF-a, IL-2, IL-6 and
IL-10 are mainly reported in patients with HAM/TSP [15,18,19]. It
has been proposed that immune activation and increased levels of
cytokines play a role in both pathology and progression towards
HAM/TSP [18–20].
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Fig. 2. In vitro inhibition of spontaneous proliferation of PBMC from subjects with
HAM/TSP by physalin F. PBMC isolated from three patients with HAM/TSP diagnosis
were cultured in the absence or presence of different concentrations of 1 for three
days. Cell proliferation was measured by 3H-thymidine incorporation using a
b-radiation counter. Values represent the means � SEM of three patients.
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Since HAM/TSP was first described, little progress has been
made in the development of treatment options. Due to their anti-
inflammatory properties, steroids are widely used for the
treatment of HAM/TSP, although few benefits have been observed
[21]. Physalis angulata L. (Solanaceae) is a broadly distributed
indigenous herb found in areas of Africa, Asia, and the Americas. It
is widely used in popular medicine because of its analgesic, anti-
inflammatory, and antirheumatic properties [22]. Physalins are
steroid derivatives isolated from Physalis spp. with potent anti-
inflammatory and immunomodulatory activities [22–26]. Physalin
F prevents mortality induced by lethal injection of lipopolysac-
charide (LPS), and inhibits rejection of allogeneic transplants in
mice [22–24]. The anti-inflammatory activity of physalin F was also
demonstrated in intestinal ischemia, reperfusion injury, and
arthritis models [27,28]. In addition, physalin F inhibits the
production of TNF-a, IL-6, IL-12, and of NF-kB, a key inflammatory
transcription factor [23,26]. The purpose of this study was to
investigate the immunomodulatory effects of physalin F on
peripheral blood mononuclear cells (PBMC) obtained from
subjects with HAM/TSP. Given the immunopathological mecha-
nisms of HTLV-1 infection, the effects of physalin F were evaluated
on spontaneous cell proliferation, cytokine profile, apoptosis, and
ultrastructural changes of PBMC.

2. Material and methods

2.1. Subjects

Twenty one HTLV-1-infected subjects with HAM/TSP diagnosis
defined according to World Health Organization criteria followed
at Bahiana School of Medicine and Public Health reference center
for HTLV in Salvador, Northeast Brazil were included in the study
[29]. Samples were screened for HTLV-1/2 antibodies, using
enzyme-linked immunosorbent assay (Ab-Capture ELISA test
system; Ortho-Clinical Diagnostics, Inc., Raritan, NJ) and confirmed
by using western blotting (HTLV Blot 2.4; Genelabs Technologies,
Singapore). The group had a mean age of 61 years and consisted of
14 women (67%) and 7 men (33%). Informed consent was obtained
from all enrolled subjects, and the Institutional research boarding
of the Oswaldo Cruz Foundation (FIOCRUZ) approved this study
(Protocol 1.011.669.)

2.2. Culture conditions and PBMC isolation

Peripheral blood mononuclear cells (PBMC) were obtained from
heparinized venous blood samples by Ficoll-Hypaque density
gradient centrifugation (Pharmacia Biotech; Uppsala, Sweden).
Cells were cultured in RPMI 1640 medium (Sigma–Aldrich, St.
Louis, MD) supplemented with 2 mM L-glutamine (Sigma–Aldrich),
1% nonessential amino acids (Gibco Laboratories, Gaithersburg,
Fig. 1. Chemical structure of physalin F isolated from P. angulata.
MD), 1 mM sodium pyruvate (Sigma–Aldrich), 100 U/mL penicillin
(Sigma–Aldrich), 100 mg/mL streptomycin (Sigma–Aldrich),
100 mg/mL HEPES (Invitrogen, Eugene, OR), and 10% fetal bovine
serum (FBS; Gibco Laboratories).

2.3. Test substance

Physalin F was isolated from Physalis angulata L. collected in
Bele’m do Para’, Brazil, as described previously [22]. Preparation of
1 (97.8% purity by HPLC) was dissolved in DMSO (Sigma–Aldrich)
and then diluted in cell culture medium. The final concentration of
DMSO was below 1% in all experiments.

2.4. In vitro cellular toxicity assay

PBMC (105 cells/well) from HTLV-infected patients and uninfect-
ed controls were cultured in 96-well plates in the absence or
presence of serial dilutions of 1 (ranging from 0.62 to 20 mM) at 37 �C
in a 5% CO2 humidified atmosphere. After 24 h of culture, cells were
pulsed for three h with 20 mL of 5 mg/mL MTT (3-[4,5-Dimethylth-
iazol 2yl]-2,5 diphenyltetrazolium bromide; Thiazolyl blue;
Sigma–Aldrich). The optical density (OD) was determined by
Versamax photometer (Molecular Devices Inc., Menlo Park, CA) at
570 nm. The toxicity was evaluated by the ratio of OD of a well in the
presence of physalin F with the OD of control wells in the presence of
medium. Concentrations associated to cellular viabilities equal or
greater than 80% were considered non-toxic.

2.5. Lymphoproliferation assay

PBMC (105 cells/well) from three subjects with HAM/TSP
diagnosis were cultured in the absence or presence of different
concentrations of physalin F on RPMI 1640 medium supplemented
with 10% FBS. Cells were seeded in triplicate on 96-well plates and
cultured at 37 �C in a 5% CO2 humidified atmosphere for 72 h. A
1 mCi/well amount of [methyl-3H]thymidine (PerkinElmer, Wal-
tham, MA) was added to the cultures, which were then incubated
for 18 h at 37 �C and 5% CO2. After this period, the content of the
plate was harvested to determine the 3H-thymidine incorporation
using a b-radiation counter (Chameleon, Hydex; Turku, Finland).
Results of cell proliferation were expressed as mean counts per
minute.
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Fig. 3. Assessment of cytokines in culture supernatants of HTLV-1-infected cells. PBMC cultures were treated with 10 mM physalin F or left untreated for 18 h. Cytokine levels
were measured in supernatants by Cytometric Bead Array flow cytometry. (a) IL-2; (b) IL-6; (c) IL-10; (d), IL-17a, (e), TNF, (f), IFN-g. *P = 0.03 (Wilcoxon and Mann–Whitney
tests).
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2.6. Detection of phosphatidylserine translocation by annexin V

PBMC from six HTLV-1-infected subjects were seeded on
96-well plates at a cell number of 2 �105 and cultured in the
absence or presence of 10 mM of physalin F for 18 h at 37 �C and 5%
CO2. Cells were then stained with Alexa Fluor1 488 annexin V and
propidium iodide (PI), using the Alexa Fluor1 488 annexin V/Dead
Cell Apoptosis Kit (Invitrogen, Eugene, OR) according to the
manufacturer’s instructions. The cells were acquired by flow
cytometry (FACSAria, Becton Dickinson, Mountain View, CA) and
the analysis was performed using the FlowJo software (Ashland,
OR). A total of 50,000 events were acquired in the region previously
established as that corresponding to PBMC.
2.7. CBA assay

The PBMC from six HTLV-1-infected patients were plated in
96-well plates at 2 � 105 cells/well in the presence of 10 mM of
physalin F at 37 �C for 24 h. Supernatants were then harvested and
cytokines were measured using BDTM Cytometric Bead Array (CBA)
Human Th1/Th2/Th17 Cytokine Kit, according to the manufacturer
’s instructions (BD Biosciences, San Jose, CA). The concentrations of
cytokines in the samples were calculated by extrapolating the
mean fluorescence intensity (MFI) on the respective standard
curves. The cells were acquired using flow cytometry (FACSAria)
and analysis was performed using FlowJo and GraphPad Prism
5.02 software (Graph Pad Software, San Diego, CA).
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Fig. 4. Analysis of phosphatidylserine surface exposure in cells from HTLV-infected
subjects. PBMC cultures were either treated with 10 mM physalin F or left untreated
for 18 h. Cells were incubated with propidium iodide and annexin V and analyzed
using flow cytometry. Values represent the mean � SEM of six determinations.
*P = 0.01 (Wilcoxon and Mann–Whitney tests).
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2.8. Transmission electron microscopy analysis

For transmission electron microscopy (TEM) analysis, PBMC
(2 �106) were treated with physalin F (10 mM) and incubated for
18 h at 37 �C. Cells were fixed in 2.5% glutaraldehyde in 0.1 M
sodium cacodylate buffer, pH 7.4, washed in the same buffer and
then treated with 1% osmium tetroxide, 0.8% potassium ferricya-
nide, 5 mM calcium chloride, for 60 min in the dark. Cells were
dehydrated in acetone series and infiltrated in polybed epoxy resin
(Polysciences, Warrington, PA). Ultrathin sections were stained
with uranyl acetate and lead citrate. The ultrastructure analysis
was performed in a transmission electron microscope (Jeol JEM
1230 or Zeiss EM109).

2.9. Statistical analyses

Data are expressed as percentages, means and standard errors.
Groups were compared using the Mann–Whitney test and
Wilcoxon signed-rank test. A P value of less than 0.05 denoted a
statistically significant difference. GraphPad Prism 5.02 software
was used for all statistical analyses.

3. Results and discussion

Initially, the effects of physalin F (Fig. 1) were evaluated in
cultures of PBMC obtained from HTLV-1+ subjects with HAM/TSP
diagnosis. The ex vivo system using PBMC from HTLV-1+ subjects
was chosen instead a cell line, such as MT2—which is a
transformed HTLV-1 T-cell line, because it better represents the
clinical model of HTLV-1-infected individuals. Indeed, T-cell lines
are represented by a monoclonal population, while PBMC from
patients have several clones of infected cells [15]. The addition of
physalin F caused a concentration-dependent reduction of
spontaneous proliferation characteristic of HTLV-1-infected cells
(Fig. 2). The estimated IC50 for physalin F was 0.97 � 0.11 mM, and
this compound was not toxic to PBMC cultures when tested in
concentrations below 20 mM (data not shown). Then, the effects of
physalin F on cytokine production was evaluated. Cultures of
PBMC obtained from HTLV-1+ subjects spontaneously produced
several cytokines, including IL-2, IL-6, IL-10, IL-17A, TNF-a and
IFN-g (Fig. 3). Addition of physalin F at 10 mM significantly reduced
IL-2, IL-6, IL-10, TNF-a and IFN-g production. No differences were
observed in the levels of IL-17A in cultures treated with physalin F
(Fig. 3). IL-4 levels were below the detection limit of the assay
(data not shown).

The immunomodulatory potential of physalin F has been
extensively investigated in multiple studies [22,24]. This com-
pound has a potent inhibitory activity on mouse lymphocytes,
reducing proliferation and cytokine production in cultures
stimulated with mitogen or in mixed lymphocyte reaction [24].
Additionally, the effects of physalin F were investigated in vivo, in
collagen-induced arthritis, allergic airway inflammation, and
allogeneic transplant murine models [24–28]. Moreover, physalin
F also showed antiproliferative effects on cancer cells [30]. Thus,
the results obtained herein reinforce the antiproliferative potential
of physalin F on human cells infected with HTLV-1.

The proviral load of HTLV-1 (amount of provirus incorporated
into the genome) is mainly maintained by mitotic division of
infected cells, which is in part regulated by the activation and
secretion of cytokines such as IL-2 and IL-15 [17]. Herein, it was
also found that physalin F strongly inhibited IL-2 production,
which suggests that the reduction of PBMC proliferation may be
due in part to diminished IL-2 production. HTLV-1 proviral load
could be considered a marker of HAM/TSP development [31,32]. It
is possible that physalin F also has an impact on HTLV-1 proviral
load by reducing cell proliferation and cytokine production,
however one limitation of the present study was that HTLV-
1 proviral load was not measured.

Next, the effects of physalin F on apoptosis in PBMC cultures
was investigated. Addition of physalin F to PBMC cultures from
HTLV-1-infected subjects enhanced the percentage of apoptotic
cells in a concentration-dependent way, as shown by annexin V
staining (Fig. 4). Ultrastructural analysis by transmission electron
microscopy revealed that, in the absence of physalin F, PBMC from
HTLV-1-infected subjects presented subcellular alterations,
including extensive mitochondrial damage and pyknotic nuclei
(Fig. 5a–c). Cells incubated with 10 mM of physalin F showed a
higher frequency of the changes described above. In addition, a
remarkable swelling of the endoplasmic reticulum cisternae was
observed, culminating in long ridges of cytoplasm, and autopha-
gic vacuole-like compartments (Fig. 5d–g). Nuclei of physalin F
�treated cells also presented myelin-like membranes and intra-
nuclear membranes, presumably formed by juxtaposed autopha-
gic vacuole or hypertrophied nucleoplasmic reticulum cysternae.

Increased percentages of apoptotic cells after treatment with
physalin F may also be a factor in the reduction of PBMC
proliferation as observed by both flow cytometry (increased
annexin V staining) and ultrastructural alterations indicative of
apoptosis and autophagy (mitochondrial damage, presence of
pyknotic nuclei and myelin figures). Previous reports have shown
that physalin F triggers apoptosis of cancer cells by activating
caspase 3 and c-myc pathways as well as inhibiting NF-kB
activation and accumulating reactive oxygen species [30,33].
Further studies are required to demonstrate the mechanisms by
which physalin F induces apoptosis of HTLV-1-infected cells. The
reported increased resistance of HTLV-1-infected cells to apoptosis
suggests that treatment with apoptosis-inducing agents, such as
observed herein with physalin F, is a relevant therapeutic approach
[34].

HTLV-1 induces cell activation and intense proliferation of
both subpopulations of CD4+ and CD8+ T-lymphocytes [14,15]. It
has been reported that cells from subjects with HAM/TSP show
higher levels of proliferation and pro-inflammatory cytokines
production than asymptomatic carriers [18,19]. Thus, immuno-
modulatory strategies to reduce immunological alterations
promoted by the virus may result in a useful therapy for
HTLV-1-infected individuals.



Fig. 5. Transmission electron microscopy of PBMC obtained from HTLV-infected subjects before (a–c) and after (d–j) physalin F treatment. The majority of the cells (a)
displayed intact mitochondria (M) and normal nuclei (N), whereas some cells showed disrupted mitochondria (b arrows) and pyknotic nuclei (c, *). Pyknosis was eventually
associated with the loss of cytoplasmic contents, indicating concomitant necrotic cell death mechanism. 1 triggered remarkable swelling of cisternae presumably of the
endoplasmic reticulum (d, e arrows), culminating in the formation of long cytoplasmic ridges (f arrowheads, g). The nuclear envelope formed thin (h, arrowhead) or broad (i
arrows) reticulum cisternae, presumably sectioned transversally and tangentially, respectively as well as autophagic vacuole-like compartments (i arrowhead). Nuclei of
physalin F—treated cells also presented myelin-like membranes (j arrowhead) and intranuclear membranes, presumably nuclear juxtaposed autophagic vacuoles or
nucleoplasmic reticulum cisternae (j arrow). Scale bars: a, c, d and e = 2 mm; b, f, h, i and k = 1 mm; g and j = 0.5 mm.
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4. Conclusion

In conclusion, the present work showed that the natural
compound physalin F has a potent immunosuppressive effect on
HTLV-1-infected cells, which reinforces this class of compounds
as antiproliferative agents. Due to the lack of therapeutic
approaches for HTLV-1-infected patients, these results also
support the search for complementary therapies, in addition to
the development of antiretroviral drugs.



134 L.A. Pinto et al. / Biomedicine & Pharmacotherapy 79 (2016) 129–134
Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgments

This work was supported by Oswaldo Cruz Foundation
(FIOCRUZ/CAPESV) and Brazilian National Research Council
(CNPq).

References

[1] A. Gessain, O. Cassar, Epidemiological aspects and world distribution of HTLV-
1 infection, Front. Microbiol. 15 (3) (2012) 388.

[2] M. Yoshida, I. Miyoshi, Y. Hinuma, Isolation and characterization of retrovirus
from cell lines of human adult T-cell leukemia and its implication in the
disease, Proc. Natl. Acad. Sci. U. S. A. 79 (6) (1982) 2031–2035.

[3] A. Gessain, F. Barin, J.C. Vernant, O. Gout, L. Maurs, A. Calender, G. De Thé,
Antibodies to human T-lymphotropic virus type-1 in patients with tropical
spastic paraparesis, Lancet 24 (2) (1985) 407–410.

[4] L. LaGrenade, B. Hanchard, V. Fletcher, B. Cranston, W. Blattner, Infective
dermatitis of Jamaica children: a marker for HTLV-1 infection, Lancet 336
(8727) (1990) 1345–1347.

[5] M. Mochizuki, K. Yamaguchi, K. Takatsuki, T. Watanabe, S. Mori, K. Tajima,
HTLV-1 and uveitis, Lancet 339 (8801) (1992) 1110.

[6] R.D. Robinson, J.F. Lindo, F.A. Neva, A.A. Gam, P. Vogel, S.L. Terry, E.S. Cooper,
Immunoepidemiologic studies of Strongyloides stercoralis and human T
lymphotropic virus type 1 infections in Jamaica, J. Infect. Dis. 169 (3) (1994)
692–696.

[7] Y. Sato, Y. Shiroma, S. Kiyuna, H. Toma, J. Kobayashi, Reduced efficacy of
chemotherapy might accumulate concurrent HTLV-1 infection among
strongyloidiasis patients in Okinaw, Japan, Trans. R. Soc. Trop. Med. Hyg. 88 (1)
(1994) 59.

[8] C. Brites, M. Weyll, C. Pedroso, R. Badaró, Severe and Norwegian scabies are
strongly associated with retroviral (HIV/HTLV-1) infection in Bahia, Brazil,
AIDS 16 (9) (2002) 1292–1293.

[9] J. Marinho, B. Galvão-Castro, L.C. Rodrigues, M.L.J. Barreto, Increased risk of
tuberculosis with human T-lymphotropic virus-1 infection: a case-control
study, Acquir. Immune Defic. Syndr. 40 (5) (2005) 625–628.

[10] K. Verdonck, E. González, G. Henostroza, P. Nabeta, F. Lianos, H. Cornejo, G.
Vanham, C. Seas, E. Gotuzzo, HTLV-1 infection is frequent among out-patients
with pulmonary tuberculosis in northern Lima, Peru, Int. J. Tuberc. Lung Dis. 11
(10) (2007) 1066–1072.

[11] P.M. Hoffman, S. Dhib-Jalbut, J.A. Mikovits, D.S. Robbins, A.L. Wolf, G.K. Bergey,
N.C. Lohrey, O.S. Weislow, F.W. Ruscetti, Human T-cell leukemia virus type I of
monocytes and microglial cells in primary human cultures, Proc. Natl. Acad.
Sci. U. S. A. 89 (24) (1992) 11784–11788.

[12] M. Makino, S. Shimokubo, S.I. Wakamatsu, S. Izumo, M. Baba, The role of
human T-lymphotropic virus type 1 (HTLV-1)-infected dendritic cells in the
development of HTLV-1-associated myelopathy/tropical spastic paraparesis, J.
Virol. 73 (6) (1999) 4575–4581.

[13] M. Nagai, M.B. Brennan, J.A. Sakai, C.A. Mora, S. Jacobson, CD8 (+) T cells are an
in vivo reservoir for human T-lymphotropic virus type I, Blood 98 (6) (2001)
1858–1861.

[14] H.E. Prince, J. York, J. Golding, S.M. Owen, R.B. Lal, Spontaneous lymphocyte
proliferation in human T-cell lymphotropic virus type I (HTLV-1) and HTLV-II
infection: T-cell subset responses and their relationships to the presence of
provirus and viral antigen production, Clin. Diagn. Lab. Immunol. 1 (3) (1994)
273–282.

[15] R.E. Mascarenhas, C. Brodskyn, G. Barbosa, J. Clarêncio, A.S. Andrade-Filho, F.
Figueiroa, B. Galvão-Castro, F. Grassi, Peripheral blood mononuclear cells from
individuals infected with human T-cell lymphotropic virus type 1 have a
reduced capacity to respond to recall antigens, Clin. Vaccine Immunol. 13 (5)
(2006) 547–552.

[16] P.J. Norris, D.F. Hirschkorn, D.A. DeVita, T.H. Lee, E.L. Murphy, Human T cell
leukemia virus type 1 infection drives spontaneous proliferation of natural
killer cells, Virulence 1 (1) (2010) 19–28.
[17] B. Asquith, C.R. Bangham, Quantifying HTLV-I dynamics, Immunol. Cell Biol. 85
(4) (2007) 280–286.

[18] S.B. Santos, A.F. Porto, A.L. Muniz, A.R. De Jesus, E. Magalhães, A. Melo, W.O.
Dutra, K.J. Gollob, E.M. Carvalho, Exacerbated inflammatory cellular immune
response characteristics of HAM/TSP is observed in a large proportion of HTLV-
1 asymptomatic carriers, BMC Infect. Dis. 4 (7) (2004) 1–8.

[19] P.A. Montanheiro, A.C. Penalva de Oliveira, J. Smid, L.M. Fukumori, I. Olah, A.J.
Da, S. Duarte, J. Casseb, The elevated interferon gamma production is an
important immunological marker in HAM/TSP pathogenesis, Scand. J.
Immunol. 70 (4) (2009) 403–407.

[20] Y. Furukawa, M. Saito, W. Matsumoto, K. Usuku, Y. Tanaka, S. Izumo, M.J.
Osame, Different cytokine production in tax-expressing cells between patients
with human T cell lymphotropic virus type I (HTLV-I)-associated myelopathy/
tropical spastic paraparesis and asymptomatic HTLV-1 carriers, J. Infect. Dis.
187 (7) (2003) 1116–1125.

[21] M.M. Pillat, M.E. Bauer, A.C. De Oliveira, H. Ulrich, J. Casseb, HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP): still an obscure disease,
Cent. Nerv. Syst. Agents Med. Chem. 11 (4) (2011) 239–245.

[22] M.B.P. Soares, M.C. Bellintani, I.M. Ribeiro, T.C.B. Tomassini, R. Ribeiro-dos-
Santos, Inhibition of macrophage activation and lipopolysaccharide-induced
death by seco-steroids purified from Physalis angulata L, Eur. J. Pharmacol. 459
(1) (2003) 107–112.

[23] N.J. Jacob-Herrera, P. Bremner, N. Marquez, M.P. Gupta, S. Gibbons, E. Muñoz,
M.J. Heinrich, Physalins from Witheringia solanacea as modulators of the NF-
kappaB cascade, J. Nat. Prod. 69 (3) (2006) 328–331.

[24] M.B.P. Soares, D. Brustolim, L.A. Santos, M.C. Bellintani, F.P. Paiva, I.M. Ribeiro, T.
C. Tomassini, R. Ribeiro-dos-Santos, B. Physalins, F and G, seco-steroids
purified from Physalis angulata L., inhibit lymphocyte function and allogeneic
transplant rejection, Int. Immunopharmacol. 6 (3) (2006) 408–414.

[25] N.B. Pinto, T.C. Morais, K.M. Carvalho, C.R. Silva, G.M. Andrade, G.A. Brito, M.L.
Veras, O.D. Pessoa, V.S. Rao, F.A. Santos, Tropical anti-inflammatory potential
of physalin E from Physalis angulata on experimental dermatitis in mice,
Phytomedicine 17 (10) (2010) 740–743.

[26] L. Ji, Y. Yuan, L. Luo, Z. Chen, X. Ma, Z. Ma, L. Cheng, Physalins with anti-
inflammatory activity are present in Physalis alkekengi var. franchetii and can
function as Michael reaction receptors, Steroids 77 (5) (2012) 441–447.

[27] A.T. Vieira, V. Pinho, L.B. Lepsch, C. Scavone, I.M. Ribeiro, T.C.B. Tomassini, R.
Ribeiro-dos-Santos, M.B.P. Soares, M.M. Teixeira, D.G. Souza, Mechanisms of
the anti-inflammatory effects of the natural secosteroids physalins in a model
of intestinal ischaemia and reperfusion injury, Br. J. Pharmacol. 146 (2) (2005)
244–251.

[28] D. Brustolim, J.F. Vasconcelos, L.A. Freitas, M.M. Teixeira, M.T. Farias, I.M.
Ribeiro, T.C.B. Tomassini, G.G. Oliveira, L.C. Pontes-de-Carvalho, R. Ribeiro-dos-
Santos, M.B.P. Soares, Activity of physalin F in a collagen-induced arthritis
model, J. Nat. Prod. 73 (8) (2010) 1323–1326.

[29] M. Osame, A. Igata, M. Matsumoto, M. Kohka, K. Usuku, S. Izumo, HTLV-
1 associated myelopathy: treatment trials, retrospective survey and clinical
and laboratory findings, Hematol. Rev. 3 (1990) 271–274.

[30] S.Y. Wu, Y.L. Leu, Y.L. Chang, T.S. Wu, P.C. Kuo, Y.R. Liao, C.M. Teng, S.L. Pan,
Physalin F induces cell apoptosis in human renal carcinoma cells by targeting
NF-kappaB and generating reactive oxygen species, PLoS One 7 (7) (2012)
e40727.

[31] S. Olindo, A. Lézin, P. Cabre, H. Merle, M. Saint-Vil, M. Edimonana-Kaptue, A.
Signate, R. Césaire, D. Smadja, HTLV-1 proviral load in peripheral blood
mononuclear cells quantified in 100HAM/TSP patients: a marker of disease
progression, J. Neurol. Sci. 237 (1-2) (2005) 53–59.

[32] M.F. Grassi, V.N. Olavarria, R. Kruschewsky, R.E. Mascarenhas, I. Dourado, L.C.
Correia, C.M. De Castro-Costa, B. Galvão-Castro, Human T cell lymphotropic
vírus type 1 (HTLV-1) proviral load of HTLV-associated myelopathy/tropical
spastic paraparesis (HAM/TSP) patients according to new diagnostic criteria of
HAM/TSP, J. Med. Virol. 83 (7) (2011) 1269–1274.

[33] K.L. Ooi, T.S. Muhammad, S.F. Sulaiman, Physalin F from Physalis mínima L.
triggers apoptosis-based cytotoxic mechanism in T-47D cells through the
activation caspase-3- and c-myc-depedent pathways, J. Ethnophamarcol. 150
(1) (2013) 382–388.

[34] S. Hamasaki, T. Nakamura, T. Furuya, A. Kawakami, K. Ichinose, T. Nakashima, Y.
Nishiura, S. Shirabe, K.J. Eguchi, Resistance of CD4-positive T lymphocytes to
etoposide-induced apoptosis mediated by upregulation of Bcl-xL expression in
patients with HTLV-1 associated myelopathy, J. Neuroimmunol. 117 (1–2)
(2001) 143–148.

http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0005
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0005
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0010
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0010
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0010
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0015
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0015
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0015
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0020
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0020
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0020
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0025
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0025
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0030
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0030
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0030
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0030
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0035
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0035
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0035
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0035
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0040
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0040
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0040
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0045
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0045
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0045
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0050
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0050
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0050
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0050
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0055
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0055
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0055
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0055
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0060
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0060
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0060
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0060
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0065
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0065
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0065
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0070
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0070
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0070
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0070
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0070
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0075
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0075
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0075
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0075
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0075
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0080
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0080
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0080
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0085
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0085
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0090
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0090
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0090
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0090
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0095
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0095
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0095
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0095
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0100
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0100
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0100
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0100
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0100
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0105
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0105
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0105
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0110
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0110
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0110
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0110
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0115
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0115
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0115
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0120
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0120
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0120
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0120
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0125
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0125
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0125
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0125
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0130
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0130
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0130
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0135
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0135
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0135
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0135
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0135
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0140
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0140
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0140
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0140
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0145
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0145
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0145
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0150
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0150
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0150
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0150
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0155
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0155
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0155
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0155
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0160
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0160
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0160
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0160
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0160
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0165
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0165
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0165
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0165
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0170
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0170
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0170
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0170
http://refhub.elsevier.com/S0753-3322(15)30152-9/sbref0170

	Physalin F, a seco-steroid from Physalis angulata L., has immunosuppressive activity in peripheral blood mononuclear cells...
	1 Introduction
	2 Material and methods
	2.1 Subjects
	2.2 Culture conditions and PBMC isolation
	2.3 Test substance
	2.4 In vitro cellular toxicity assay
	2.5 Lymphoproliferation assay
	2.6 Detection of phosphatidylserine translocation by annexin V
	2.7 CBA assay
	2.8 Transmission electron microscopy analysis
	2.9 Statistical analyses

	3 Results and discussion
	4 Conclusion
	Conflicts of interest
	Acknowledgments
	References


