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Abstract

Purpose P66Shc, an isoform of adaptor proteins, is

known to mediate various signals including those leading

to apoptosis or cell proliferation. Previously, we have

shown that diallyl trisulfide (DATS)-induced prostate

cancer cell death was mediated by increased ROS forma-

tion. In this study, we investigated the role of p66Shc

protein and its serine 36 phosphorylation in DATS induced

decrease in prostate cancer cell viability (PC-3).

Methods PC-3 prostate cancer cells were used in this

study. Stable cell lines expressing p66ShcS36A or an

empty vector have been obtained. Cell viability, concen-

tration of ROS, changes in P-p66Shc and P-Akt and DNA

damage were determined.

Results We observed that DATS treatment increased

p66Shc phosphorylation at serine 36. Importantly, the

phosphorylation was abolished by JNK inhibitor

SP600125. Cells expressing plasmid-encoded variant of

p66ShcS36A showed much higher resistance to DATS-

induced cells death. In addition to that, we observed that

DATS-induced ROS formation was completely abolished

in cells expressing the p66ShcS36A variant. Interestingly,

SP600125 proved to prevent DATS-induced Akt inactiva-

tion. In order to confirm that the observed effect is related

to phosphorylation of p66Shc, we performed experiments

on a stable cell line expressing p66ShcS36A. In such cells,

DATS-induced Akt dephosphorylation was significantly

reduced. On the other hand, hydrogen peroxide induced

Akt activation in PC-3 cells, which was abrogated in cells

expressing p66ShcS36A.

Conclusions Our results uncover a novel signaling path-

way with p66Shc being indispensable for DATS-induced

inactivation of Akt due to hypophosphorylation.

Keywords Garlic � Oxidative stress � c-jun kinase � Stress

Introduction

Epidemiological and clinical studies have shown that

consumption of garlic and other allium vegetables reduces

the risk of prostate cancer [1]. Laboratory data showed that

organosulfur compounds (OSCs), such as diallyl disulfide

(DADS) and diallyl trisulfide (DATS) among others, are

responsible for protective action of allium vegetables [2].

There is increasing evidence that OSCs anticancer activity

is related to modulation of signal transduction pathways

[3]. Induction of cell cycle arrest and apoptosis by DATS

and DADS was shown to be dependent on the generation of
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reactive oxygen species (ROS) [4]. Filomeni et al. [5]

observed that DADS increased ROS formation and led to

c-jun terminal kinase (JNK)–dependent cancer cell death.

They also reported oxidative stress–dependent damage to

protein and lipid molecules. Importantly, treatment with

spin trap 5,50-dimethyl-1-pyrroline N-oxide as well as

overexpression of the antioxidant enzyme, namely Cu/Zn

superoxide dismutase, resulted in the inhibition of DADS-

mediated toxicity via the attenuation of JNK/c-Jun pathway

activity. Moreover, treatment with JNK inhibitor I signifi-

cantly reduced DADS-induced apoptosis [5]. ROS have

been shown to activate JNK which in turn could stimulate

further ROS formation [6]. In our previous study, we

observed that JNK activation leads to ferritin degradation,

and consequently an increase in labile iron pool and iron-

dependent ROS formation [7, 8].

One of the proteins phosphorylated by JNK is p66Shc

[9], an adaptor protein responsible for life-span regulation

and cellular sensitivity to hydrogen peroxide and other

cytotoxins. P66Shc is a splice variant of p52Shc/p46Shc, a

cytoplasmic signal transducer involved in the transmission

of mitogenic signals from tyrosine kinases to RAS. P66Shc

has the same modular structure of p52Shc/p46Shc (SH2-

CH1-PTB); however, its N-terminal region (CH2) is

unique [10]. P66shc undergoes phosphorylation at serine

36 (within CH2 region) in cell cultures treated with UV or

other oxidative stress inducers, e.g. H2O2. This kind of

phosphorylation seems essential for the proapoptotic

activity of p66Shc as fibroblasts p66Shc -/- are resistant

to UV- or H2O2-induced apoptosis. In contrast, increased

sensitivity to UV or H2O2 has been observed in cells

overexpressing p66Shc [11–14].

Recently, it has been shown that prostate cancer speci-

mens had higher levels of p66Shc than adjacent noncan-

cerous cells [15]. Moreover, in prostate cancer cell lines, a

positive correlation was found between the p66Shc protein

level and the cell proliferation [16].

In prostate and breast cancer cells, the p66Shc protein

level positively correlates with the activation of extracel-

lular signal-regulated kinases ERK/MAPK activation [16].

Moreover, it has been shown that in prostate cancer spec-

imens both the p66Shc protein level and the ERK/MAPK

phoshorylation are elevated [17]. On the other hand,

p66Shc reduced the ERK/MAPK activation in different

cell types [14, 18, 19]. The negative effect of p66Shc on

mitogenic signaling involves competitive inhibition of

p52Shc binding to its upstream molecular partners and

sequestering Grb2/Sos into a signaling–incompetent com-

plex [20, 21].

Akt is an essential serine/threonine kinase whose acti-

vation has been detected in various human malignancies.

Akt activity is often increased in prostate and breast cancer.

Activated Akt protects cells against apoptotic death by

phosphorylating proteins such as BAD, NF-jB, procas-

pase-9 and fork-head transcription family members [22].

Akt has been shown to influence apoptosis through

increased degradation of p53 protein [23]. These and other

evidence indicate that Akt plays an important role in

tumorigenesis by stimulating cell survival pathways. In

addition to that, Akt activity may stimulate prostate cancer

progression and invasion via downregulation of the cyclin-

dependent kinase inhibitor, p27 [24, 25]. It was observed

that DATS downregulated Akt phosphorylation and it was

associated with the degradation of insulin-like growth

factor receptor 1 protein as well as with the inhibition of its

autophosphorylation [26]. On the other hand, H2O2-

induced oxidative stress increased Akt activation and

importantly this process was impaired in cells devoid of

p66Shc [27]. Therefore, we hypothesized that p66Shc

might play a role in DATS-induced prostate cancer cell

death by modulating the Akt activity and ROS generation.

Materials and methods

Reagents

PC-3 cells were purchased from American Type Culture

Collection. Tissue culture media were from Gibco Life

Technologies (Warsaw, Poland). Antibiotic mixture and

fetal bovine serum were from Sigma-Aldrich. 6-Carboxy-

20,70-dichlorodihydrofluorescein diacetate (H2DCFDA)

was from Molecular Probes (Warsaw, Poland). The anti-

bodies against AKT, phospho-(Ser473)-Akt, were from

Santa Cruz Biotechnology (Heidelberg, Germany). The

antibodies against ERK, P-ERK, were from Cell Signaling

Technology, and actin was from Sigma-Aldrich. Ltd

(Poznan, Poland). Mouse monoclonal antibody to phospho-

p66Shc (Ser 36) was from Abcam Inc. DATS was pur-

chased from LKT Laboratories (St. Paul, MN).

Cell culture and transfection

The PC-3 cells were cultured in F12 K supplemented with

10% fetal bovine serum and antibiotics. The cells were

maintained at 37 �C in an atmosphere of 95% air and 5%

CO2. Plasmid encoding mutant p66Shc (p66ShcS36A) was

kindly provided by Dr. Toren Finkel [27]. PC-3 cells were

transfected with the plasmid encoding p66ShcS36A or

an empty pcDNA3.1 vector at 50–60% confluence using

FuGENE HD Transfection Reagent (Roche, Indianapolis,

IN). After 24 h of transfection, cells were treated with

DATS and processed for different assays.

PC-3 cell lines stably expressing dominant-negative

mutant p66Shc (p66ShcS36A) or an empty pcDNA3.1

vector were obtained by transfection and subsequent
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isolation using the limiting dilutions techniques in the

presence of G418 [27].

Comet assay

The comet assay procedure used to measure the DNA-

strand breaks in individual cells was essentially the same as

that described previously [28]. In short, cells were sus-

pended in 0.7% low-melting agarose in PBS and pipetted

onto microscope slides pre-coated with a layer of 1%

regular melting agarose. The agarose with the cellular

suspension was allowed to set on the pre-coated slides at

4 �C for 10 min. Subsequently, another top layer of 0.7%

low-melting agarose was added and allowed to set at 4 �C

for 10 min. The slides were then immersed in lysis solution

(1% sodium n-lauroyl sarcosinate, 2.5 M NaCl, 100 mM

Na2EDTA, 10 mM Tris HCl pH 10, 1% Triton X-100 and

10% DMSO) for 1 h at 4 �C in the dark, in order to lyse the

embedded cells and to permit DNA unfolding. After

incubation in lysis solution, the slides were exposed to

alkaline buffer (1 mM Na2EDTA, 300 mM NaOH buffer,

pH [ 13) for 20 min to allow DNA unwinding, and then

subjected to 20-min electrophoresis at 25 V in the same

alkaline buffer. After electrophoresis, the slides were

washed with 0.4 M Tris HCl buffer (pH 7.5) to neutralize

excess alkali and to remove detergents before staining with

ethidium bromide (2 lg/mL).

Evaluation of DNA damage

Cells were examined with an Axioskop 2 plus microscope

(Carl Zeiss, Germany) equipped with an excitation filter of

515–560 nm and a magnification of 920. Imaging was

performed using a specialized analysis system (‘‘Metasys-

tem’’ Altlussheim, Germany) to determine tail moment

(TM), tail intensity (TI), tail length (TL) and % tail DNA,

and all parameters correlated with the degree of DNA

damage in the single cell.

Detection of apoptosis

Apoptosis was determined by flow cytometry using the

FITC Annexin V Apoptosis Detection Kit I (BD Pharm-

ingen). PC-3 cells (1 9 105/mL) were seeded in 10-cm

plates for 24 h and then exposed to DATS (40 lg/mL) for

24 h. After this incubation, the cancer cells were washed

and resuspended in binding buffer. The cell suspension was

then incubated with 5 lL of Annexin V-FITC and 2, 5 lL

of propidium iodide (PI) for 10 min at room temperature in

the dark. Cells were resuspended in binding buffer again.

The population of Annexin V-positive cells was evaluated

by Coulter Epics XL Flow Cytometer.

ROS assay

Intracellular ROS generation was measured by flow cyto-

metric monitoring of oxidation of H2DCFDA, which is

cleaved by nonspecific cellular esterases and oxidized in

the presence of peroxides as well as iron. 2 9 105 cells

were plated, allowed to attach overnight and exposed to

40 lM DATS for 4 h. Subsequently, the cells were stained

with 5 lmol/L H2DCFDA for 30 min at 37 �C in complete

medium. The cells were collected by trypsynization and

centrifugation, washed two times with PBS and kept on ice

in the dark, and then fluorescence was assayed using a

Coulter Epics XL Flow Cytometer. Fluorescence of

unstained cells was also measured in order to subtract the

background fluorescence.

Immunoblotting

The cells were treated with DATS as described above. Both

floating and attached cells were collected; washed in PBS;

resuspended in a lysis solution containing 50 mmol/L Tris–

HCl (pH 7.5), 150 mmol/L NaCl, 1% Triton X-100, 0.1%

SDS; and incubated for 40 min on ice with gentle shaking.

The cell lysate was cleared by the centrifugation at

16.000g for 20 min. Lysate proteins were resolved in

10–12% SDS-PAGE and subjected to immunoblotting as

described previously [7]. Changes in protein level was

assessed by densitometric scanning of the bands and cor-

rected for b-actin loading control.

Results

Expression of p66ShcS36A protects PC-3 cells

against DATS-induced death

First of all, we observed that in DATS-treated cells, the

p66Shc phosphorylation at serine 36 increase continuously

until 12 h of treatment (Fig. 1a). We used chemical

inhibitors to establish which kinases are responsible for

serine 36 phosphorylation of p66Shc. As shown in Fig. 1b

pretreatment of PC-3 cells with SP600125, a JNK inhibitor

almost completely abolished the DATS-induced p66Shc

phosphorylation at serine 36. These data indicate that JNK

kinases phosphorylate p66Shc in PC-3 cells. To find out if

this phosphorylation plays a role in DATS- induced cell

death, we generated PC-3 cell line stably transfected with

an empty vector or plasmid encoding p66ShcS36A. This

mutant cannot be phosphorylated at serine 36, and there-

fore, the proapoptotic activity of p66Shc should be sup-

pressed [29]. As shown in Fig. 1c, position-36 mutant of

p66Shc migrated with a faster mobility what is in agree-

ment with previously published data [27]. Moreover, in the
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cells expressing p66ShcS36A, DATS treatment did not

induced p66Shc phosphorylation (Fig. 1d). Cells express-

ing p66ShcS36A are much more resistant to DATS-

induced cell death (Fig. 2a, b). These data indicate that

DATS-induced cell death is mediated by p66Shc and that it

is associated with its phosphorylation at serine 36.

Assessment of DNA damage was carried out using the

comet assay. A percentage DNA in tail that is a valid

marker of DNA breakage [30]. DATS induced an increase

in DNA tail content in PC-3 cells but slightly decreased it

in cells expressing p66ShcS36A; however, the values did

not reach statistical significance (data not shown). Flow

cytometry analysis, using FITC Annexin V and PI to detect

apoptosis, showed that of PC-3 cells expressing empty

vector 24 h of DATS treatment induced increase percent-

age of apoptotic cells by 12.9, while in PC-3 S36A cells

only by 4.5 (Fig. 2b).

DATS-induced ERK phosphorylation is affected

in cells expressing p66ShcS36A

Previously, it has been shown that DATS-induced prostate

cancer cell death was partially reversed by the inhibition of

ERK1/2 [31]. Therefore, the next goal of this study was to

establish whether p66Shc plays a role in DATS-induced

ERK1/2 phosphorylation. Activation of ERK1/2 was evi-

dent as early as 0.25 h after DATS treatment, reached its

maximum after 0.5 h and then decreased but it was still

elevated after 6 h in cells expressing the empty vector

(Fig. 3a). On the other hand, the expression of ERK1/2

protein was not altered by DATS treatment. In cells

transfected with plasmid encoding p66ShcS36A, DATS-

induced ERK phosphorylation was almost completely

abolished (Fig. 3b). These data indicate that P-p66Shc is

involved in DATS-induced modulation of ERK activity.

DATS-induced S473 dephosphorylation of Akt

is inhibited in cells expressing p66ShcS36A

As shown previously, DATS-induced cell death is

accompanied by a decrease in Akt activity [26]. Here, we

confirmed the observation that DATS induces Akt

dephosphorylation at serine 473, (position essential for its

activity) in time-dependent manner (Fig. 4a). However, in

cells that are stable or transiently (not shown) transfected

with plasmid encoding p66ShcS36A, the phosphorylation

maintained at a high level after DATS treatment (Fig. 4b).

As previously reported, p66Shc is essential for H2O2-

induced Akt phosphorylation rather than its dephosphoryl-

ation [27], thus we repeated this experiment in our model. As

shown in Fig. 4c, H2O2-induced Akt activation in PC-3 cells

transfected with an empty vector; however, in p66ShcS36A-

expressing cells such activation was not observed. Alto-

gether, these data indicate that the phosphorylation of

p66Shc at serine 36 in PC-3 cells is necessary for DATS-

induced Akt dephosphorylation and H2O2-induced AKT

activation. As described above, the JNK kinases are

responsible for p66Shc phosphorylation, and therefore, we

reasoned that inhibition of JNK by SP600125 should affect

Akt phosphorylation in cells treated with DATS or H2O2. In

fact, we observed that 20-lM SP600125 reduced DATS-

induced Akt dephosphorylation, and H2O2induced the Akt

phosphorylation (Fig. 4d).
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Fig. 1 DATS-induced serine 36 phosphorylation is JNK dependent.

a Immunoblotting for P-p66Shc using lysates of PC-3 cells treated

with DMSO (control) or 40-lM DATS for the indicated time periods.

b Immunoblotting for P-p66Shc using lysates of PC-3 cells treated for

4 h with DMSO (control) or 40-lM DATS in the absence or presence

of 20-lM SP600125 (1 h pretreatment). The numbers on top of the

immunoreactive bands represent change in levels relative to DMSO-

treated control. The data shown are from one of three independent

experiments. c Immunoblotting for p66Shc using lysates from PC-3

cells stably expressing empty vector or p66ShcS36A. d Immunoblot-

ting for P-p66Shc using lysates from PC-3 cells stably expressing

empty vector or p66ShcS36A treated 2 h with DMSO (control) or

40-lM DATS. The data shown are from one of three independent

experiments
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DATS-induced ROS formation was attenuated in cells

expressing p66ShcS36A

DATS and many other chemopreventive compounds have

been shown to induce cancer cell death by increasing ROS

formation [32]. In addition, one of the well-documented

proapoptotic actions of p66Shc is the increase in ROS

formation. Here, we wanted to confirm our earlier obser-

vation that DATS-induced ROS formation in prostate

cancer cell is mediated by p66Shc[33]. As shown in

Fig. 5a, DATS-induced ROS formation in cells stably

transfected with an empty vector, thus confirming our

earlier observation. On the other hand, such an increase

was not observed in cells expressing p66ShcS36A

(Fig. 5b). Interestingly, when basal DCF fluorescences are

compared between PC-3 cells expressing empty vector and

PC-3 S36A cells, in later, it is consistently higher. Possibly

this is due to the difference in cell size as PC-3 S36A are

bigger, thus able to accumulate more DCF. Certainly, this

method is not appropriate to compare ROS formation in

these two cell lines.

Discussion

An adaptor protein p66Shc has been implicated in cell

death induced by hydrogen peroxide among others; how-

ever, the molecular mechanism of this action is not fully
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Fig. 2 Expression of dominant-negative p66ShcS36A protects PC-3

cells against DATS-induced death. a Survival of PC-3 cells stably

expressing empty vector or p66ShcS36A following a 24-h treatment

with DMSO (control) or 40-lM DATS as determined by sulforho-

damine B assay. Similar results were observed in three independent

experiments. Data are mean ± SE (n = 5); a, b p \ 0.05 significantly

different compared with respective DMSO-treated control; c signifi-

cantly different compared with respective DATS-treated cells by one-

way ANOVA followed by Dunnett’s test. b Flow cytometric analysis

of annexin V-FITC staining of PC-3 and PC-3 S36A cells treated with

DMSO or 40-lM DATS for 24 h
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Fig. 3 Expression of dominant-negative p66ShcS36A diminished

DATS-induced ERK phosphorylation. Immunoblotting for phospho-

ERK1/2 (P-ERK1/2) using lysate of (a) PC-3 cells stably expressing

empty vector or (b) p66ShcS36A, following a treatment with DMSO

or 40-lM DATS for the indicated time periods. The blots were

stripped and reprobed with anti-ERK1/2. Immunoblotting for each

protein was done at least three times using independently prepared

lysates, and the results were similar. The bar graph represents

averaged data (means ± SE) expressed as fold change over DMSO-

treated control
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understood. Here, we provide data for new proapoptotic

function of p66Shc in DATS-induced PC-3 cell death. Our

results indicate that when phosphorylated at serine 36,

p66Shc mediates DATS-induced Akt dephosphorylation.

Akt protects cells against apoptosis by increasing the

phosphorylation of proapoptotic protein BAD and its fur-

ther degradation, inactivating ASK1, stimulating p53 deg-

radation etc. In addition to that, Akt signaling pathways are

frequently activated in cancer cells, and therefore, they are

prime targets for cancer therapy [34]. Previously reported

DATS-induced cell death is associated with Akt dephos-

phorylation in prostate cancer cell. Moreover, cells over-

expressing constitutively active Akt show a much higher

resistance to DATS-induced cell death [26]. Our data show

that in cells transfected with a plasmid encoding

p66ShcS36A, variant that cannot be phosphorylated at

serine 36, DATS-induced Akt dephosphorylation is sup-

pressed. Interestingly, in PC-12 cells, H2O2-induced Akt

activation was p66Shc dependent. In PC-12 cells that

expressed p66ShcS36A, H2O2 treatment did not induce Akt

activation [27]. In order to verify whether these

contradictory effects of p66Shc on Akt activity are cell-

specific or rather they are the effect of different stressors

(H2O2 or DATS), the PC-3 cells were also treated with

H2O2. Interestingly, it was observed that similarly to PC-12

cells, H2O2 induced Akt activation in PC-3 cells but such

effect was strongly reduced in cells expressing

p66ShcS36A. These data indicate that p66Shc is indis-

pensable for Akt inactivation or activation in DATS- or

H2O2-treated PC-3 cells, respectively. While this study was

still under way, a paper supporting our data was published,

showing that B-cell-receptor-mediated Akt phosphoryla-

tion at serine 473 was abrogated in cells overexpressing

p66Shc [35]. Altogether, our data as well as the data

reported by others researches indicate that p66Shc if

phosphorylated at serine 36 leads to Akt inactivation and

cell death. Moreover, contradictory effects of P-p66Shc on

Akt phosphorylation after treatment with DATS or H2O2

indicates that despite p66Shc there are other signaling

molecules involved in this process. The exact mechanism

of p66Shc-mediated Akt inactivation or activation still

remains to be determined. Akt activation requires the
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Fig. 4 Expression of dominant-negative p66ShcS36A protects

against DATS-induced Akt inactivation and H2O2-induced Akt

activation. Immunoblotting for Akt and phospho-Akt using lysate of

(a) PC-3 cells stably expressing empty vector or (b) p66ShcS36A,

following treatment with DMSO or 40-lM DATS for the indicated

time periods. The blots were stripped and reprobed with anti-Akt

antibody. The numbers on top of the immunoreactive bands represent

change in levels relative to DMSO-treated control. c Immunoblotting

for Akt and phospho-Akt using lysate from PC-3 cells stably

expressing an empty vector or p66ShcS36A, following the treatment

with PBS or -100 lM H2O2 for 1 h. These experiments were

performed at least three times,yielding the same results. The blot was

stripped and re-probed with anti-Akt. The bar graph represents

averaged data (means ± SE) expressed as fold change over DMSO-

treated control. d Immunoblotting for Akt and phospho-Akt using

lysate from PC-3 cells following an treatment with 40-lM DATS for

4 h or 100 lM H2O2 for 1 h with and without pretreatment with

20-lM SP600125. These experiments were performed at least three

times,yielding the same results. The bar graph represents averaged

data (means ± SE) expressed as fold change over DMSO or PBS-

treated control
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phosphorylation of Thr 308 and Ser 473 by phosphoino-

sitide-dependent kinase 1 (PDK1) and rictor–mTOR com-

plex, respectively [36]. Whether p66Shc influences

substrate specificity or activity of rictor–mTOR complex

remains to be determined.

There have been several reports demonstrating that

p66Shc is phosphorylated at serine 36 by different kinases.

Dependent on the cellular context and on identity of the

stimulus, either ERK1/2, JNK, p38 or PKC are responsible

for the phosphorylation of p66Shc at S36 [9, 20, 37–39]. In

order to check which kinase phosphorylates serine 36 of

p66Shc in PC-3 cells, chemical inhibitors were used and

the results indicates that JNK is the one responsible for this

modification as SP600125 almost completely abolished the

phosphorylation. Therefore, it can be expected that

SP600125 suppressing p66Shc phosphorylation at serine

36 will also affect DATS-induced Akt inactivation. In fact,

a higher degree of Akt phosphorylation at serine 473 was

observed in SP600125 and DATS treatment when com-

pared to DATS only treatment. Persistent JNK activation

has been shown to induce apoptosis in different cellular

models. In addition, JNK inhibition has been shown to

reduce cancer cell death induced diallyl disulfide (DADS)

or DATS [5, 31]. Therefore, it can be speculated that JNK

mediates DATS-induced prostate cancer cells death at least

partially via phosphorylation of p66Shc at serine 36.

The proapoptotic function of p66Shc has also been

related to this protein’s ability to stimulate ROS formation.

It has been shown that p66Shc is able to associate with the

mitochondrial respiratory chain and transfers electrons

from cytochrome c to oxygen molecule, thus generating

superoxide anion [40]. In our previous reports, we have

shown that DATS-induced prostate cancer cell death was

associated with increased ROS formation. Antioxidants

like EUK-134 or catalase overexpression significantly

protected cells from DATS-induced cell death [41]. Data

presented here indicate that DATS-induced ROS formation

in PC-3 cells is completely abrogated in cells expressing

p66ShcS36A. Thus, it is also possible that cells expressing

p66ShcS36A are more resistant to DATS toxicity because

of lower ROS formation. In addition, as we have shown

previously DATS-induced ROS formation is JNK-depen-

dent [7]. JNK-dependent ROS formation was also dem-

onstrated in other cellular models [6, 8]. Here, we

demonstrated that p66Shc phosphorylation at serine 36 is

JNK dependent in DATS-treated cells. Therefore, we

suggest that JNK-dependent ROS formation could be

associated with the proposed p66Shc phosphorylation.

However, more studies are needed to confirm these

observations. Increase level of p66Shc has been detected in

prostate and breast cancer cells, which in light of our study,

may indicate the protein as a potential target for chemo-

therapy with DATS and possibly other drugs.
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