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STAT3-mediated constitutive expression of SOCS-3 in cutaneous

T-cell ymphoma

Christine Brender, Mette Nielsen, Keld Kaltoft, Gitte Mikkelsen, Qian Zhang, Mariusz Wasik, Nils Billestrup, and Niels @dum

A characteristic feature of neoplastic
transformation is the loss of external con-
trol by cytokines and extracellular matrix
of cellular differentiation, migration, and
mitogenesis. Because suppressors of cy-
tokine signaling (SOCS) proteins are
negative regulators of cytokine-induced
signaling, it has been hypothesized that
an aberrant SOCS expression plays a role
in neoplastic transformation. This study
reports on a constitutive SOCS-3 expres-
sion in cutaneous T-cell ymphoma (CTCL)
cell lines. SOCS-3 protein is constitu-
tively expressed in tumor cell lines (but
not in nonmalignant T cells) obtained

from affected skin from a patient with
mycosis fungoides (MF) and from periph-
eral blood from a patient with Sezary
syndrome (SS). In contrast, constitutive
SOCS-3 expression is not found in the
leukemic Jurkat T-cell line, the MOLT-4
acute lymphoblastic leukemia cell line,
and the monocytic leukemic cell line U937.
Expression of SOCS-3 coincides with a
constitutive activation of STAT3 in CTCL
tumor cells, and stable transfection of
CTCL tumor cells with a dominant nega-
tive STAT3 strongly inhibits SOCS-3 ex-
pression, whereas transfection with wild-
type STAT3 does not. Moreover, the

reduced SOCS-3 expression in cells trans-
fected with the dominant negative STAT3
is associated with an increased sensitiv-
ity to interferon- « (IFN-a). In conclusion,
evidence is provided for a constitutive
SOCS-3 expression in cancer cells ob-
tained from patients with CTCL. More-
over, the findings indicate that the aber-
rant expression of SOCS-3 is mediated by
a constitutive activation of STAT3in CTCL
cells and affects the IFN- « sensitivity of
these cells. (Blood. 2001;97:1056-1062)

© 2001 by The American Society of Hematology

Introduction
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A characteristic feature of neoplastic transformation is the loss imiduced signaling. Transfection experiments with overexpression
external control of cellular differentiation, migration, and mitogenef the relevant SOCS have demonstrated that SOCS-1 and EJ a
esis. Via an autocrine production of growth factors or a constitutivesser extent SOCS-3 are able to suppress signaling induced tﬁ/ an
activation of intracellular signaling pathways, tumor cells can gaarray of cytokines, including among others IL-2, IL-4, IL-6, IFN- g
independence of external growth factors. Moreover, through theN-«, leukemia inhibitory factor (LIF), and growth hormonéz
development of resistance to cytokines, transformed cells cf®H).571%-16In contrast, the inhibitory potential of CIS is muctg
evade the influence of regulatory growth and differentiatiomore limited because CIS expression has only been shown to fﬁve
signals! In early stage melanoma cell lines interleukin (IL)-6an effect on erythropoietin (EPO), GH, prolactin (PRL), ar@j
functions as a growth inhibitor, but during tumor progressiotL-2—induced signaling’-2° Regarding SOCS-2 and SOCS-4 tg
melanoma cells develop resistance to IL-6, and advanced-st&f@CS-7 there have until now been only a few reports on signa@g
melanoma cell lines are resistant to growth inhibition by IE36. inhibition mediated by these SOCS proteth8ecause CIS is ableg
Likewise, many tumors develop resistance to interfeyqiN-v)  to bind to the tyrosine phosphorylated EPO receptor in the sagqe
in vivo,* and it has been suggested that IffNesistance is a way region as STAT38it has been suggested that CIS inhibits signaligg
for certain tumor cells to evade detection and elimination by tHgy simple competition for receptor binding sites. In contraéf,
immune system:? SOCS-1 and SOCS-3 are able to bind directly to the kinase doniiain
The suppressors of cytokine signaling (SOCS) proteins comfJAK kinases thus inhibiting kinase activity probably by acting gs
prise a recently identified family of negative regulators of cytokina pseudosubstraté?3
signaling (also referred to as the CIS/JAB or SSI fanfity)They Normally, transcription o050OCSyenes is induced after stlmulao
are characterized by a central SH2 domain and a C-termiriedn with cytokines, and the expression of SOCSs is generily
SOCS-box, and the SOCS family currently consists of 8 membesisort-lived?! The finding of STAT binding sites in the CIS,N
(CIS and SOCS-1 to SOCS-7Among the 8 family members, SOCS-1, and SOCS-3 promotets?#as well as the discovery that
SOCS-1 and SOCS-3 are the most potent inhibitors of cytokingansfection with dominant negative STAT3 inhibits cytokine-induced
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expression of SOCS-1 and SOC%4ndicates that STAT transcrp Carsten Geisler and was cultured under the same conditions as MyLa 2000.
tion factors play an essential role in transcription of ®®CS Human thymocytes, derived from thymic tissue of children (age up to 2
genes. Aberrant STAT activation is found in many malignan@es,yeafs_) undergo_ing cardiovascular surgery for_congenital heart disease (as
and recently STAT3 was identified as being an oncogene Aselfdescribed previousk), were generously provided by Dr Med Carsten

. . . . Riopke. Prior to the experiment, freshly isolated thymocytes were cultured
However, only little is known about the expression and possib P ) -~
. . . . 3d RPMI 1640, 10% HS, 2 mMglut , 10Qug/mL llin,
function of SOCS proteins in tumor cells. In this study, or 3 days ( ° mMglutamine, 10G.g/mL penicillin

L ; 00 pg/mL streptomycin) in the presence ofy/mL phytohemagglutinin
addressed whether abnormal STAT3 activation mediates SO@,%A) (Wellcome, Beckenham, UK) at a cell density ok2106 cells/mL.

expression in tumor cells. We show that tumor cell lines establish@fe U937 and MOLT-4 cells were purchased as cell lysates (Santa Cruz
from patients with cutaneous T-cell lymphoma (CTCL) have Biotechnology).

constitutive expression of SOCS-3. SOCS-3 expression in these

cells correlates with a constitutive activation of STAT3 and b
transfection with a dominant negative STAT3, we show that
SOCS-3 expression depends on a fully functional STAT3. Mor&er protein extraction, cells were rapidly pelleted and lysed in ice-cold lysis
over, we show that the decrease in SOCS-3, caused by thdfer as described previousl. The Western blotting procedure is

dominant negative STAT3, correlates with an increased d~Ndescribed in detail elsewhefé.Blots were evaluated using enhanced
sensitivity in the tumor cells. chemiluminescence according to the manufacturer’s manual (Amersham,

Buckinghamshire, UK).

rotein extraction and Western blotting

Materials and methods Analysis of messenger RNA (mMRNA) levels

Total cellular RNA was isolated using the RNeasy plant mini kit (QiageR,
Hilden, Germany). The RNA samples were treated with DNase (Proméga,
Antibodies against SOCS-3 (M-20), STAT1 (E-23), and ERK2 (K-23) werbadison, WI), followed by reverse transcription (RT) with Superscript 8
from Santa Cruz Biotechnology (Santa Cruz, CA). Antibodies against pggife Technologies) performed with g RNA, 3 .g Random primer (Life §
mitogen-activated protein (MAP) kinase and phospho-STAT1 (Y701) wer&chnologies), 0.25 mM dNTP (Amersham), 10 U RNasine (Promega), 8nd
from New England Biolabs (Beverly, MA). The STAT3 phosphor-tyrosindTT and reaction buffer supplied with the reverse transcriptase. iT-
705 (clone 9E12) antibody was from Nanotools (Denzlingen, Germany)egative controls were run in every polymerase chain reaction (PGR)
and the STAT3 antibody was from Transduction Laboratories (Lexingtofxperiment and did not yield a product, indicating the absence Sf
KY). Horseradish peroxidase (HRP)-conjugated secondary antibodi@ntaminating genomic DNA. Atotal of 2% of each cDNA was subjecteddo
against mouse-lgG, rabbit-IgG, and goat-IgG were from DAKO (Glostrufiot start PCR performed with DyNAzyme Il DNA polymerase (Finnzymes,
Denmark). IL-2 (proleukin) was purchased from Chiron (Emeryville, CA)ESPoo, Finland) for amplification of CIS, SOCS-2, and SOCS-3, or with
and IL-4 was from Leinco (Ballwin, MO). JAK3 inhibitor | was from HotStarTag DNA polymerase (Qiagen) for amplification of SOCS-1. Hgt
Calbiochem (San Diego, CA) and AG1478 was from Alexis uled start PCR with the DyNAzyme 1l DNA polymerase was carried out @
Fingen, Switzerland). Human recombinant IFNHFN-y) was from R&D  initial separation of the DNA polymerase from the rest of the reacti@n
Systems (Minneapolis, MN) and human I&Xb (Introna) was from Mixture, using DyNAwax (Finnzymes). Each PCR reaction was carried @n
Schering-Plough (Kenilworth, NJ). with 0.2 M of the relevant primers, 4aM dATP, dGTP, and dTTP, 2aQM 5
dCTP, 1.25u Ci [a-33P]dCTP (Amersham), and reaction buffers supplieg
with the respective DNA polymerases. Preliminary PCR experime%ts
showed that the rate of amplification was linear for CIS, SOCS-1, SOCS32,
Tumor T-cell lines established from skin biopsies from a patient wit8OCS-3, and TBP (TATA binding proteia transcription factor [ID) when g
mycosis fungoides (MF) and from peripheral blood from a patient witapplying fewer than 28 cycles (data not shown), and we chose to us&24
Sezary syndrome (SS), have previously been described in &etdih this  cycles in PCR experiments with CIS, SOCS-2, and SOCS-3 primers, an&26
study we used 2 different MF tumor cell lines: one early culture (MyLa&ycles in PCR experiments with SOCS-1 primers. The PCR experimg?ﬁts
3675), which is IL-2 dependent, and one long-term culture (MyLa 2000)ith DyNAzyme consisted of an initial denaturation step (95°C, %0
which grows independently of cytokines. MyLa 2000 was cultured in RPMhinutes), followed by 24 cycles (denaturation 95°C, 30 seconds; annea@fng
1640 (Sigma Chemical, St Louis, MO) supplemented with 10% fetal bovirgs°C, 1 minute; elongation 72°C, 1 minute) and a single elongation ste@at
serum (Life Technologies, Roskilde, Denmark), 2 miglutamine (Sigma), 72°C for 7 minutes, whereas the PCR experiments with HotStarTaq V\Ere
100 pg/mL penicillin (Sigma), and 10Qug/mL streptomycin (Sigma). carried out with an initial denaturation step (95°C, 15 minutes), followed gy
MyLa 3675 was cultured in RPMI 1640 supplemented with 10% poole26 cycles (denaturation 94°C, 1 minute; annealing 55°C, 1 minute;
human serum (HS) (Bloodbank, State University Hospital, Copenhageiongation 72°C, 1 minute) and a single elongation step at 72°C for 10
Denmark), 2 mM.-glutamine, 10Qug/mL penicillin, 100png/mL streptomy- minutes. The reaction mixtures were then mixed with loading buffer (0.03%
cin, and 1000 U/mL IL-2. MyLa 1885 is a nonmalignant T-cell linebromophenol blue and 0.03% xylene cyanole in formamide) and loaded
established from peripheral blood from the same MF pafifit.was onto a 5% urea-acrylamide sequencing gel. The gels were subsequently
cultured in RPMI 1640 supplemented with 10% HS, 2 mMlutamine, exposed to a Kodak biomax film (Amersham) or®# quantification by

100 pg/mL penicillin, 100wg/mL streptomycin, 1000 U/mL IL-2, and 10 Phosphorimager analysis. DNA marker V (Boehringer Mannheim, Mann-
ng/mL IL-4. The tumor cell line established from the SS patient (SeAReim, Germany) and DNA marker VI (Boehringer Mannheim) were labeled
4405) was cultured as MyLa 3675. Prior to all experiments, MyLa 3675ising a 3-end labeling kit (Amersham) andyf3P]ATP (Amersham)
MyLa 1885, and SeAx 4405 cells were “starved” for 18 hours in mediaccording to the manufacturer’s manual. TBP was used as an internal
supplemented with 10% HS, 2 miMglutamine, 10Qug/mL penicillin, and  standard to correct for unequal pipeting or loading or both, and SOCS/TBP
100 pg/mL streptomycin, but without cytokines. MyLa 2000 cells werds used as the relative SOCS expression. The following primers were used
stably transfected by electroporation (96, 240 V) with a dominant for the specific amplification of CIS, SOCS-1, SOCS-2, SOCS-3, and TBP:
negative STAT3 (DNA binding mutant) or wild-type STAT3, and transfecCIS 5’-cggctggactctaactgct-3and 3-aaggggtactgtcggaggtd-3350-bp

tants were selected by growth in media supplemented with geneticin (Ljeoduct), SOCS-1 5'-cacgcacttccgcacattc-3and 3-agcagctcgaggag-
Technologies). The plasmids used for transfection (pCAGGSneo-Hgeagtc-3 (297-bp product) SOCS-25'-caggatggtactggggaagt-and 3-
STAT3D and pCAGGSneo-HA-STAT3WT) have been described previggacctgtccgcttatc:3284-bp product)SOCS-%'-gagccccctecttccectcgc-3
ously3° The stable transfectants were cultured as the parental MyLa 2080d 5-ggtccaggaactcccgaatg{264-bp product)TBP5’-tgacccccatcactc-
cells. The Jurkat cell line (J76.25.20) was generously provided by Dr Metly-3 and 3-ggttcgtggctctcttatcc-3191-bp product).

jE5Woly papeojumoq

Antibodies and other reagents
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Cell lines and culture



1058 BRENDERetal BLOOD, 15 FEBRUARY 2001 - VOLUME 97, NUMBER 4

| A & & &
> b.d

Results ‘@, ‘ﬁ\, &\?

Constituti i f SOCS mRNA in CTCL cell li . -
onstitutive expression o m n cell lines Blot: SOCS-3 30— :

To investigate the expression of CIS, SOCS-1, SOCS-2, and 46—

SOCS-3 mRNA in CTCL tumor cell lines, total cellular RNA was Btk Bk

subjected to RT-PCR and quantitated as described in “Materials 2 —E—

and methods.” As shown in Figure 1, a high constitutive expression 45

of CIS, SOCS-1, SOCS-2, and SOCS-3 mRNA was found in 2
tumor cell lines (MyLa 2000 and MyLa 3675) obtained from Blot: p38

affected skin from a patient with MF, which is the most common

form of CTCL. The late culture MF tumor cell line (MyLa 2000)

expressed higher levels of SOCS-3 and lower levels of CIS and B c@;: 6“’ <
SOCS-2 as compared to the early culture cell line (MyLa 3675), \?\ \},'5 \;{‘V
whereas the relative SOCS-1 expression was comparable between M)

the 2 cell lines (Figure 1B). Jurkat cells, which is a leukemic T-cell 97—
line, were included in the experiments to address whether a Blot: PY-STAT3 N —

constitutive expression of SOCS mRNA is found in all malignant

T-cell lines. Of the 4 SOCSs of interest, only SOCS-2 was readily Rt

detected in Jurkat cells (Figure 1A, lane 12). However, this s —————

expression of SOCS-2 is low compared to the ones found in Mylegure 2. Expression of SOCS-3 protein correlates with STAT3 activation.
2000 and |\/|y|_a 3675. Essentially identical findings were obtainedtpstimulated cells were lysed and whole cell lysates from 1 x 106 cells (A) or
in 3 additional independent experiments (Figure 1C) 0.5 % 106 cells (B) were subjected to Western blotting with the indicated antibodies.

1eoiigndyse//:dny woly papeojumoq

Constitutive expression of SOCS-3 protein in CTCL tumor cell protein was higher in MyLa 2000 as compared to MylLa 367%.
lines but not in nonmalignant cells Stripping and reprobing of the membrane with antibodies direcgd
gainst the ERK1/2 and p38 MAP kinases showed that fhe
. ) : ! %Iignant and nonmalignant cell lines express comparable amoénts
evident at the protein level in the CTCL tumor cell lines, whole cell; oo \vap kinases, suggesting that the differences in SOC§-3

lysates from MyLa_ 3675 and MyLa 2000 as well as from a'%xpression were not caused by differences in the amountgof
autologous nonmalignant T-cell line (MyLa 1885) were analyzqgaded protein 3

. . L . . N
by Western blotting with SOCS-specific antibodies. As shown in Because the MF tumor cell lines have a constitutive acti§e

Figure 2A, ,SOCS'S protein, V\,'hiCh appears as a doublg band, V&PAT3 33 and because STAT3 is implicated in the cytokine-inducéd
gxpressed in both tumor cell Ilnes. but not in the nonmgllgnant C"eu(pression of SOCSZ the cell lysates were also analyzed usirdy
line. Mqreovfer, '3 agrehementhNv'\:tr: th? d|fferenc_es |nf SOCS: antibody directed against tyrosine phosphorylated (actiﬁe)
expression, found at the m evel, expression o SOCS3’31'AT3 (PY-STAT3). In accordance with previous findirf§she 2

late culture cell line (MyLa 2000) has a higher constitutive level af

To address whether the constitutive SOCS expression is a

A cis S0Cs-L S0cs2 S0cs-3 STAT3 phosphorylation than the early culture cell line (MyL§
Ao o a,o".@”“& A0S P E 3675), even though the 2 cell lines express equal amounts; of
SYPFEF PP iy@%\?@"\é‘”’ W STAT3 (Figure 2B). The differences in STAT3 activation correlag
394~ - t i with the differences in SOCS-3 expression, and the constitutive
== SOCS-3 expression could thus be a consequence of the constitl;:jtive

o === _—===T__ _ ¥ active STATS. d
o Although CIS, SOCS-1, and SOCS-2 mRNA were detectedgn
both MF tumor cell lines, we were unable to detect these SOCSE at
the protein level when using antibodies, which were able to detict
SOCS expression in 293 cells transiently transfected with the
particular SOCS (data not shown).
_ C B B Because serum preparations might contain cytokines/growth
' factors, STAT3 activation and SOCS-3 expression were also
examined in serum-deprived cells. However, neither STAT3 activa-
tion nor SOCS-3 expression was decreased in these cells (data not
shown), thereby confirming that the observed activation/expression

—

i

213— b et
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Figure 1. Constitutive expression of SOCS mRNA in MF tumor cell lines. ) Next, we looked for SOCS-3 expression in a cell line (SeAx 4405)
Total cellular RNAwas isolated from unstimulated cells and subjected to RT-PCRwith  established from a patient with SS, which is a leukemic variant of
the indicated SOCS primers. As internal standard primers specific for TBP were used. CTCL. Like the MF tumor cell lines. the SeAx 4405 cell line also
(B) Band intensities from the gel in panel Awere quantitated using a phosphor imager ' o . ! . . .
and SOCS expression was calculated relative to TBP expression. (C) Relative SOCS has a constitutive active STAT3 (K' E”ksen’ manuscnpt submit-

expression calculated from 3 independent experiments (mean + range). ted). Total cellular RNA from SeAx 4405 cells as well as from the
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nonmalignant T-cell line, MyLa 1885, and a bulk culture of human h@s 5 'v“@
thymocytes, were subjected to RT-PCR and quantitated as above. oS & A &

- : - & & NHRCRCC)
As shown in Figure 3, SeAx cells have a high constitutive b

expression of SOCS-3 mRNA. In contrast, the thymocytes and the ~ D¢ 5053 30~ 0 -
nonmalignant MyLa 1885 cells express little SOCS-3 mRNA, the s e e WP 97- oy
latter being in accordance with the lack of SOCS-3 protein ' —

expression in MyLa 1885, depicted in Figure 2A. Blot: STAT3 oo o e

To address whether SOCS-3 is also evident at the protein level 46- 46-

in the SeAx cells, Western blotting experiments were performed Blot: ERK1/2 —— e —
with the anti-SOCS-3 antibody as above. As shown in Figure 4, 4&- . —————
SOCS-3 protein is constitutively expressed in SeAx 4405 cells P38

(lane 1), whereas it is not detected in other hematopoietic tumor o — ——— —

cell lines including the Jurkat cells, an acute lymphoblastic 1 2 3 4 5 6

leukemia cell line (MOLT'4)' and a monocytic leukemia cell Iinei:igure 4. Constitutive SOCS-3 protein expression in CTCL tumor cell lines.
(U937) (lanes 2-5). The membranes were also examined using theimulated cells were lysed and whole cell lysates from 1 X 106 cells (140 pg
antibody directed against the active STAT3. It was hereby copyotein of U937 anq MOLT-4 lysates) were loaded onto 2 separate sodium dodecyl
firmed that the SeAx cells have a constitutive active STAT:%:‘;ELZ‘;;'ﬁig'ﬁgf;e%e;’nLﬂi:?arme'y’ and analyzed separately by Western
Furthermore, it was shown that the tumor cell lines, which have no

expression of SOCS-3, also do not have an active STAT3. The a
amount of total STAT3 varied among the cell lines (Figure 450CS-3 expression is almost completely blocked at concentrati®ns
middle row), but by reprobing with antibodies against the ERK1/gf 100 ug/mL, that is, at concentrations that block the constitutige
and p38 MAP kinases, the loading of equal amounts of lysatggosine phosphorylation of STAT3. To address more directly tBe
was confirmed. involvement of STAT3 in SOCS expression in CTCL tumor celfg,
SOCS expression was investigated in MyLa 2000 cells staEIy
transfected with either a dominant negative STAT3 (ST3D) _§)r
The results shown in Figures 2 and 4 indicated that there isyfid-type STAT3 (ST3WT). SOCS mRNA expression was cora-
correlation between STAT3 activation and SOCS-3 eXpressiOn F‘bﬁred in 6 independent ST3D and ST3WT transfectant cell |in§sl
CTCL tumor cells, which is in agreement with the finding thahs shown in Figure 6A-D, ST3D and ST3WT cells expre%
STAT3 is implicated in the LIF-induced SOCS-3 expression iEomparabIe levels of CIS, SOCS-1, and SOCS-2 mRNA, wher%as
ALT-20 cells?* As shown in Figure 5inhibition of the tyrosine g3p cells express lower levels of SOCS-3 MRNA as compare&to
pho_sph_o_rylation of STAT3 by a ‘]AK_3 inhibitor is associated_ Wi_“ST3WT cells. Essentially identical results were obtained in gn
an inhibition of SOCS-3 expression. Indeed, the Const'tm'va’iedditional,independentexperiment, and as shown in Figure 6H,§he
expression of SOCS-3 mRNA is decreased in all 3 ST3D cell Iir@s

papeojumoq

Activated STAT3 mediates SOCS-3 expression in CTCL cells

A o & & & & as compared to the ST3WT cell lines. B
N s & & ) : . &
J& y J-'" <& S To investigate whether the effect of the dominant negatige
e ot g & 4 o STAT3 on SOCS-3 expression is also evident at the protein lel,
—md — 298 whole cell lysates from the ST3D and ST3WT cell lines plus frofh
SOCS-3 —p i~ i untransfected MyLa 2000 cells, were analyzed. In agreement vith
e o2 the results obtained at the mRNA level, SOCS-3 protein expressjon
- A ——234 is clearly affected in the cells expressing the defective STAZ3
el — 220 (Figure 7). In contrast, the expression of p38 MAP kinase was
comparable in all transfectant cell lines and in untransfected cejs.
TBP —P —— — — §
: 8
(o) 2di b R
@:‘, JAK3 inhib. (pg/mL) >
-9 10 25 50 100 Y
B 4.04 97—
354 Blot: PY-STAT3 s s s o m—
©
3 g ::: Blot: SOCS-3 30~ e = = o . =
28 5.l 97—
o2 &
25 154 Blot: STAT3 ~— e
Z 2 1.
é ® 1.0 46—
0.54 Blot: p38 s
0.0 —  —
’ SeAx 1885 SeAx Thymo 1 2 3 4 5 6 7

Figure 3. High expression of SOCS-3 mRNA in SeAx 4405 cells. (A) Total cellular Figure 5. Inhibition of SOCS-3 expression and STAT3 activation by a JAK3

RNA was isolated from unstimulated cells and subjected to RT-PCR with SOCS-3
and TBP-specific primers. The RT-negative sample was treated as the other samples
except that RT was not added in the cDNA synthesis. The RNA samples used in lanes
1 and 3, respectively, were from 2 independent experiments. (B) Band intensities
from the gel in panel A were gquantitated and SOCS-3 expression was calculated
relative to TBP expression.

inhibitor. MyLa 2000 cells were incubated with the indicated inhibitors for 1 hour at
37°C. The JAK3 inhibitor was used at 10, 25, 50, or 100 p.g/mL and AG1478 was used
at 200 ng/mL. Both inhibitors were diluted in DMSO and the final DMSO concentra-
tion in all samples were 1:400. One sample was treated with DMSO 1:400 alone. The
cells were subsequently lysed and whole cell lysates of 1 X 10 cells were subjected
to Western blotting with the indicated antibodies.
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Figure 6. Decreased SOCS-3 mRNA expression in MyLa 2000 cells stably
transfected with dominant negative STAT3.  Total cellular RNA from 3 different
ST3D cell lines (ST3D1, ST3D4, and ST3D14) and 3 different ST3WT cell lines
(ST3WT6.2, ST3WT6.8, and ST3WT6.12) was subjected to RT-PCR with CIS (A),
SOCS-1 (B), SOCS-2 (C), or SOCS-3 (D) specific primers. TBP-specific primers
were used as internal standard. (E-H) Band intensities from the gels in panels Ato D
plus from an additional and independent experiment were quantitated and SOCS
expression was calculated relative to TBP expression (shown values are
mean + range).
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STAT1). Both IFN« and IFN<y induce activation of STAT1, and as
can be seen from Figure 8A, IFNinduces a higher activation of
STAT1 in ST3D14 cells than in ST3WT6.2 cells (upper row,
compare lane 3 and 6). In contrast, the STAT1 activation in
response to IFNy is similar in the 2 cell lines (lanes 2 and 5).
Stripping and reprobing the membrane with antibodies against
STAT1, p38 MAP kinase, and SOCS-3 confirmed the loading of
equal amounts of lysate as well as the difference in SOCS-3
expression between the 2 cell lines (the very weak appearance of
the upper STAT1 band in ST3D14 was not seen in other experi-
ments). Besides activation of STAT1, IFdNalso induces STAT3
activation in certain celld* Analysis of the STAT3 activation in
ST3D14 and ST3WT6.2 cells showed that leNinduces a
markedly higher level of STAT3 activation in ST3D14 cells than in
ST3WT6.2 cells (Figure 8B). Due to a higher expression of the
exogenous STAT3, the ST3D14 cells express higher amountg, of
STAT3 as compared to ST3WT6.2 cells. However, this dif'feren;i:e
in STAT3 expression does not account for the large differenceg:in
IFN-a—induced STAT3 activation. Thus, the increased N2
sensitivity in ST3D14 cells is evident when looking at both STATEL
and STAT3 activation levels. To ascertain that the increasedol FIN§-
responsiveness in the ST3D14 cells was not due to alterations in
receptor expression, IFN-receptor expression was analyzed. No
differences in receptor expression were found between the ST3§14

and ST3WT6.2 cell lines (data not shown). g
Discussion S&,
In the present study, we show that CTCL lines constitutiveiy
express SOCS-3. Thus, SOCS-3 expression was detected & 3

CTCL tumor cell lines established from patients with MF and S3,
whereas it was absent in autologous nonmalignant T cells as we# as
in tumor cell lines from other malignancies. Because SOC%3
expression seemed to correlate with STAT3 activation, we gy-
dressed whether the constitutive SOCS-3 expression was medi§ted

'
o
A ST3DI4  ST3WT6.2 §
Correlation between SOCS-3 expression and IFN-  « sensitivity IFN:- - Y @ - Y o &
97— e
SOCS-3 is able to inhibit interferon-induced signalig? and it Blot: PY-STATI e p— ——— s
has been shown that cells stably transfected with SOCS-3 have a - g
reduced sensitivity to IFNe and also to IFNy, although to a lesser Blot: STATI 97— S
extent!* If the constitutive SOCS-3 expression in CTCL tumor ’ e — —— T — — §
cells affects the IFN sensitivity of the cells, then ST3D cell lines 46— %
would be more sensitive to IFNs as compared to ST3WT cell lines, Blot: p38 il 8
due to the large difference in SOCS-3 expression. To investigate DR Can U
this, whole cell lysates from cells stimulated with either 1N
' ) ) . . Blot: SOCS-3 — -
IFN-y were analyzed by Western blotting with an antibody, which ; 30 - -
recognizes the tyrosine phosphorylated (active) STAT1 (PY- 2 3 4 5 6
B ST3D14 ST3IWT6.2
i IFN: - Y a - ¥ «a
. STID ST3WT 97~
\F“ 1 4 14 62 68 6.12 Blot: PY-STAT3 q—w
Blot: SOCS-3 30~ amme - - - .- - 97—
Blot: STAT3 Y ———— ———
46—
1 2 3 4 5 6

Blot: p38

T — — — — ——
1 2 3 4 5 6 7

Figure 7. Decreased SOCS-3 expression in MyLa 2000 cells stably transfected
with a dominant negative STAT3. Whole cell lysates from unstimulated MyLa 2000
or transfected cells (2.5 X 10° cells/sample) were subjected to Western blotting with
SOCS-3 or p38 MAP kinase specific antibodies.

Figure 8. Increased IFN- « sensitivity in ST3D14 cells.  (A) ST3D14 and ST3WT6.2
cells were stimulated with 100 ng/mL IFN-y or 5000 U/mL IFN-« for 10 minutes at
37°C. Whole cell lysates from 0.5 < 10° cells were subjected to Western blotting with
the indicated antibodies. (B) ST3D14 and ST3WT6.2 cells were stimulated as above.
Whole cell lysates from 0.5 X 106 cells (ST3D14) or 0.75 X 106 cells (ST3WT6.2)
were subjected to Western blotting with the indicated antibodies.
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by STAT3. Indeed, inhibition of STAT3 tyrosine phosphorylatiorvivo? and a constitutive activation of STAT3 has been reported in a
by an inhibitor of JAK kinases correlated with inhibition ofnumber of hematologic and nonhematologic malignaniiéd-
SOCS-3 expression. More importantly, stable transfection tfough STAT3 has been implicated in the regulation of several
CTCL cells with a dominant negative STAT3 provided direcgenes involved in cell cycle regulation, cell differentiation, and
evidence for the implication of STAT3 in the constitutive expresapoptosis; it is not fully understood how an aberrant STAT3
sion of SOCS-3. This conclusion is in agreement with the receattivation drives cells to undergo malignant transformation. The
findings that STAT3 regulates cytokine-induced SOCS-3 transcripresent finding that STAT3 mediates a constitutive expression of
tion** as well as the present observation that SOCS-3 was r®DCS-3 in CTCL tumor cell lines, suggests the possibility that
expressed in malignant and nonmalignant cell lines, which did nBOCS-3 plays a role in STAT3 mediated oncogenesis. A character-
have a constitutive active STAT3. In a recent paper, Schuringa aigtic feature of malignant transformation is the loss of external
colleague® reported on constitutive expression of SOCS-1 ancbntrol from cytokines or other factotsand experimental data
SOCS-3 mRNA in acute myelogenous leukemia (AML) cells, anshow that tumors can evade the influence of regulatory growth and
in agreement with our observations, they were only able to detefifferentiation signals through development of resistance to cyto-
SOCS expression in cells with a constitutive active STATXines23 It is possible that a constitutive SOCS-3 expression
However, they were unable to show a direct association betwegtianges cytokine receptor sensitivity or the balance between
STAT3 activation and SOCS expression. Moreover, they did ndifferent cytokine responses in a way that promotes maligngnt
address whether SOCS mRNA was translated into protein amensformation. In this report, we show that the decreased SOCS-3
played a functional role in AML cells. expression in CTCL cells expressing a dominant negative STAT@ZiS
The CTCL tumor cell lines also had a high constitutiveassociated with an increased IkNsut not IFN+y sensitivity, thus &
expression of CIS, SOCS-1, and SOCS-2 mRNA. We wergdicating that the constitutive SOCS-3 expression in CTCL tunor
however, unable to detect these SOCSs at the protein level in thesis affects the IFNx responsiveness of the cells. Our preliminagy
celllines. Thus, CIS, SOCS-1, and SOCS-2 proteins were undetefiidings suggest that SOCS-3 (and PY-STAT3) might also de
able in Western blotting using antibodies recognizing the SOCS @bnstitutively expressed in vivo in CTCL patients. Thus, in one o€3
interest. Although we cannot formally rule out the possibility thadatients with SS, SOCS-3 protein was expressed in cells |so|ﬁed
CIS, SOCS-1, and SOCS-2 proteins are expressed at low levelglifectly from peripheral blood (data not shown). Studies are nowin
CTCL tumor cell lines, our observations suggest that these SOgfgress to investigate whether SOCS-3 expression correlates wlth
mRNAs may not be efficiently translated into protein. It waslisease progression in CTCL.
recently shown that SOCS-1 expression, in addition to regulation at In conclusion, we provide evidence of a high constitutive SOQ%S
the transcriptional level, is also regulated at the translationgkpression in cancer cell lines established from CTCL patients. @ur
level 3 Alternatively, posttranslational modifications might maskesults show that the aberrant SOCS-3 expression is medlateg by
epitopes recognized by the CIS—, SOCS-1-, and SOCS-2-spe@aT3, suggesting that this might be a general feature for canﬁer
antibodies. cells with a constitutive active STAT3. Furthermore, our resugs
Because SOCS-3 appeared as a double band in Westgidicate that the aberrant SOCS-3 expression affects thealFR-
blotting, it is possible that CTCL cells express 2 SOCS-3 isoformgnsitivity of these cells, thereby making them less responsfe.
or that SOCS-3 is subjected to posttranslational modifications sughus, it could be hypothesized that a constitutive SOCS-3 expr%s-
as proteolytic cleavage or phosphorylation in these cell linesion, and the thereby increased IENesistance, is one of theenefits

SOCS-3 becomes tyrosine phosphorylated in response to IL-2 aAgt tumor cells gain from having a constitutive active STAT3.
EPO stimulatiort?23and it was shown that JAK1, JAK2, and Lck

are able to phosphorylate SOC3%We have, however, been

unable to detect tyrosine phosphorylation of SOCS-3 in the CTCL

tumor cells, suggesting that posttranslational modifications othacknowledgment
than tyrosine phosphorylation are responsible for the appearance as

a double band. We thank Koichi Nakajima for providing the vectors containin

6 Aq 4pd'9501010+08U/

Q&0 isen

Recently, STAT3 was shown to function as an oncogene wild-type and dominant negative STAT3. =
g
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