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Constitutive Stat3, Tyr705, and Ser727 phosphorylation in acute myeloid
leukemia cells caused by the autocrine secretion of interleukin-6

Jan-Jacob Schuringa, Albertus T. J. Wierenga, Wiebe Kruijer, and Edo Vellenga

To explore the activation patterns of
signal transducer and activator of tran-
scription 3 (Stat3) in acute myeloid leuke-
mia (AML), we examined whether the
phosphorylation of tyrosine705 (Tyr705)
and serine727 (Ser727) residues was
abnormally regulated in cells from pa-
tients with AML. In 5 of 20 (25%) patients
with AML, Stat3 was constitutively phos-
phorylated on Tyr705 and Ser727, which
were not further up-regulated by treat-
ment with IL-6. Furthermore, Stat3 was

element in these cells as determined by
electrophoretic mobility shift assay, and
stimulation with IL-6 did not result in
increased DNA binding. Interestingly, AML
cells with constitutive Stat3 activation
also secreted high levels of IL-6 protein.
Treating these AML cells with anti-IL-6
resulted in restored IL-6—inducible Stat3
phosphorylation on both Tyr705 and
Ser727 with low or undetectable basal
phosphorylation levels in unstimulated
cells. In contrast, treatment with anti-IL-1
did not result in altered Stat3 phosphory-

lation patterns. The constitutive IL-6 ex-
pression was associated with elevated
levels of suppressor of cytokine signal-
ing-1 (SOCS-1) and SOCS-3 mRNA expres-
sion, which were not down-regulated by
anti-IL-6. These data indicate that the consti-
tutive Stat3 activation in the investigated
AML blasts is caused by high IL-6 secretion
levels, thus stimulating the Jak/Stat path-
way in an autocrine manner, a paracrine
manner, or both. (Blood. 2000;95:3765-3770)
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constitutively bound to the IRE response

Introduction

Acute myeloid leukemia (AML) is characterized by an accumulgion.!® In addition to tyrosine phosphorylation, Stat3 is serine
tion of immature blasts in the bone marrow, resulting in a disturbgrhosphorylated at a single residue (Ser727) in response to IL-6 and
production of normal hematopoietic celldlithough little is known to other extracellular factors, including interfergndFN-y) and
about the precise mechanisms of pathogenesis at the molecelgidermal growth facto*1®> Recently, it was demonstrated that
level of this disease, AML is often associated with chromosomailaximal Stat3 transactivation requires phosphorylation on a unique
translocations and inversions, affecting gene expression in waaesine residue, Ser727, and that IL-6 induces Ser727 phosphoryla-
that lead to defects in normal programs of cell proliferatiortjon of Stat3 by a signal transduction cascade involving Vav, Rac-1,
differentiation, and survival> The most frequent targets of chromo-MEKK, and SEK16
somal translocations are transcription factors that result in the Recently, a family of cytokine-inducible inhibitors of signaling
recombination of normally unrelated sequences from differemtas identified that down-regulates the Jak/Stat signaling path-
chromosomes into hybrid genes that encode fusion products witlay!7-1° The proteins in this family, including cytokine-inducible
altered functior?:* However, the chromosomal translocations an8H-2—containing protein and SOCS/Jak-binding protein/Stat-
inversions found in patients with AML are highly divergent, andnduced Stat inhibitor proteins, are proteins containing SH2
the precise molecular defects in AML still have to be eluciddted. domains that interact with Jak, thus preventing the activation of
IL-6 is a pleiotropic cytokine that can be constitutively exStatl7-19 Specifically, SOCS-1 and SOCS-3 are implicated in the
pressed in AML cell$. It initiates its action by binding to its down-regulation of the IL-6-induced activation of Stat33
receptor, composed of 2 subunits: an 80-kd IL-6 binding proteMoreover, SOCS-1 and SOCS-3 can quickly be up-regulated by
and a 130-kd transmembrane signal-transducing compondng.18.19.21
(gp130)7° The gpl30 receptor protein is also used by other However, the activation of Stat has not only been implicated in
members of the IL-6 cytokine family, including IL-11, oncostatigp130 receptor downstream signaling, it may be caused by
M, leukemia inhibitory factor, and ciliary neurotrophic facté#? oncogene activation. Abnormal activation of Statl, Stat3, Stat5,
Activation of IL-6 signal transduction involves gp130 dimerizaand Stat6 has been demonstrated in cells transformed by Src, Abl,
tion, ligand-dependent tyrosine phosphorylation of the gpl3@nd various other oncoproteins and tumor viri®e&8In addition,
associated protein—tyrosine kinases Jakl, Jak2, and Tyk2, amdacute leukemia a spontaneous activation of Stat has been
tyrosine phosphorylation of signal transducer and activator observed. Constitutive DNA binding of Statl and Stat5 was found
transcription 3 (Stat3) Tyrosine phosphorylation of Stat3 occursin acute lymphocytic leukemia, whereas constitutive DNA binding
at a single-residue tyrosine residue (Tyr705) located in a consenaettl tyrosine phosphorylation of Statl, Stat3, and Stat5 were
SH2 domain, allowing Stat dimerization and transcription activatetected in several patients with AME33-35 Furthermore,
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constitutive Statl and Stat3 serine phosphorylation has been foed culture, reagents, and antibodies

in some patients with AML and many patients with ChronKﬁepGZ cells were cultured in Dulbecco’s modified Eagle’s medium

Iymphocﬁic !eukemié.ﬁ A!tho}lgh it hasl not bgen demonstratednniemented with 100 U/mL penicillin, 100 pg/mL streptomycin, and 10%
that constitutive Stat3 activation is contributive in the developmepiia| calf serum (FCS). AML blasts were cultured at 37°C at a density of

of leukemias, the consistent finding of abnormal Stat3 activation #x 108/mL in RPMI 1640 media (Flow, Rockville, MD) supplemented
these cells suggests that Stat might fulfill a role in the ongoingith 100 U/mL penicillin, 100 pg/mL streptomycin, and 10% FCS. For
process of transformation. Recently, it was demonstrated that Steg@rse transcription-polymerase chain reaction (RT-PCR) analysis, cells
plays a key role in G1- to S-phase cell-cycle transition through tti@m patient 11 with AML were cultured for 24 hours in RPMI 1640 and the
up-regulation of cyclins D2, D3, A, and cdc25A and the concomgupernatant was collected, and this was used to culture cells from patient 7
tant down-regulation of p21 and p27Thus, constitutive Stat3 with AML, as indicated in the text. Cells were stimulated with 10 ng/mL

Lo . . man recombinant IL-6 (a generous gift from Dr S. C. Clark, Genetics
igﬂ\:]?g%r;rtmlght lead to a growth advantage of the ma“gnaﬁ?stitute, Cambridge, MA) or 10 ng/mL IFN-(Endogen, Woburn, MA).

o o . Antibodies against Stat3 (C-20 and K-15; Santa Cruz Technology, Santa
~ Here, we report that constitutive activation of Stat3 is 0bserveq,; ca) were used in dilutions of 1:4000. Antibodies against Stat3
in 25% of the investigated patients with AML, caused by autocringyr70s) and Stat3 (Ser727) were obtained from New England BioLabs and
secretion of IL-6, thus leading to continuous activation of th@ere used in a 1:1000 dilution. Anti-IL-6 was a gift from L. van Aarden

Jak/Stat pathway. The high expression levels of IL-6 protein a(eLB, Amsterdam, The Netherlands) and was used in a dilution of 1:1000,
also associated with the increased expression of SOCS-1 aviich was shown to inhibit the biologic activity of more than 100 ng/mL
SOCS-3 mRNA. Blocking the action of secreted IL-6 by treatmemi-6 (data not shown). Anti-IL-& was a gift from S. Gillis (Immunex,
with anti-IL-6 leads to a loss of constitutive Stat3 phosphorylationeattie, WA), and anti-IL8 was purchased from R&D Systems (Minneapo-
and normal IL-6—induced Stat3 activation patterns. lis, MN). Both antibodies were used in a dilution of 1:250.

Western blotting

Cells were plated in 12-well culture plates, stimulated, washed, and
collected in phosphate-buffered saline. Cells were lysed in Laemmli sample
buffer and boiled for 5 minutes before separation on 7.5% sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS-PAGE) gels. The proteins
were transferred to a polyvinylidene difluoride membrane (Millipore,
Peripheral blood cells from 20 patients with AML were studied afteEtten-Leur, The Netherlands) in Tris—glycine buffer at 100 mA for 1.5 hours
informed consent was obtained. Patients with AML were defined accordibging an electroblotter (Pharmacia, Woerden, The Netherlands). Mem-
to the classification of the FAB committee as M1 to M6 (Tablé8AML  branes were blocked with phosphate-buffered saline containing 5% nonfat
blasts were isolated by density-gradient centrifugation, as deséfigadls  milk before incubation with antibodies. Binding of each antibody was
were cryopreserved in aliquots of 20 to 5010° cells/mL in 10% dimethyl detected by HRP labeled pig-anti-rabbit secondary antibodies using en-
sulfoxide (Sigma, St. Louis, MO) and 10% FCS (Hyclone, Logan, UThanced chemiluminescence (ECL) according to the manufacturer’s recom-
using a method of controlled freezing and storage in liquid nitrogen. Aftenendations (Amersham, Roosendaal, The Netherlands). Western blots were
thawing, T-lymphocytes were depleted by 2-aminoethylisothioroniuquantified using Image-Pro (Media Cybernetics, Silver Spring, MD).
bromide-treated sheep red blood cell rosetting. The cell population con- ) o )

sisted of more than 98% AML blasts as determined by May-~@&aid— Electrophoretic mobility shift assay

Giemsa staining. Fluorescence-activated cell sorting analysis showed IQ§glear extracts were prepared from?glls, as described previously,
than 1% CD3-positive cells (Becton Dickinson, Sunnyvale, CA). according to the rapid Dignam methé4A double-stranded synthetic oligo
comprising the IL-6RE of the ICAM-1 promoter (upper strand- 5
CGCGTAGCTTAGGTTTCCGGGAAAGCACG-3 was 32P-labeled by

Materials and methods

Patient population and isolation of acute myeloid
leukemia cells

Table 1. FAB classlifications, phosphorylation patterns, and IL-6 secretion filling in the 5'-protruding ends Wwithe32P-dATP and Klenow enzyme. Five
levels of patients with AML micrograms nuclear extract was incubated with 20 000 cpm-labeled probe
Constitutive Tyr705 for 20 minutes at 26°C, and gel retardation analysis was performed on
_ and Ser727 IL-6 secretion  natjve 4% polyacrylamide gels in 036 TBE. In supershift experiments, 1
Patient FAB phosphorylation (pg/mL) ulL anti-Stat3 antibodies (C-20 supershift reagent; Santa Cruz Technologies)
1 M2 + 5924 or anti-Statl antibodies (Transduction Laboratories, Lexington, KY)
2 M4 - 0 were added.
3 MO - 323 )
4 Ma B 0 RNA extraction and RT-PCR
5 M4 - 0 For RT-PCR, total RNA was isolated from7€klls using Trizol according
6 M2 - 0 to the manufacturer’s recommendations (GIBCO Life Technologies). Three
7 M1 - 0 micrograms RNA per sample was reverse transcribed with M—MuLV
8 M4 - 0 reverse transcriptase (Boehringer Mannheim, Almere, The Netherlands).
9 MSA - 0 For PCR, 2 pL cDNA was amplified usirgy2—globulin primers (forward:
10 M2 - 0 5'-CCAGCAGAGAATGGAAAGTC-3; reverse: 5GATGCTGCTTACAT-
1 M5A + 23667 GTCTCG), SOCS-1 primers (forward:-EACGCACTTCCGCACATTCC-
12 M1 - 0 3’; reverse: 5TCCAGCAGCTCGAAGAGGCA-3), or SOCS-3 primers
13 M1 - 0 (forward: 5-TCACCCACAGCAAGTTTCCCGC-3 reverse: 5GTTGAC-
14 M5 + 4058 GGTCTTCCGACAGAGATGC-3) in a total volume of 50 uL using 2 U
15 M4 - 0 Taq polymerase (Boehringer Mannheim). After 25 cycles, 15-uL aliquots
16 M2 - 0 were run on 1.5% agarose gels.
17 M2 - 0
18 MO + 7040 IL-6 secretion
;g mi t zgg Then 2x 10° cells were plated in 1 mL RPMI 1640 containing 10% FCS

and treated with anti-IL-6 antibodies as indicated. After 24 hours, cell-free
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supernatants were obtained by centrifugation of the suspension. IL- IL-B: - + -+ -+ -+ -+ .+ -+
protein levels were measured using the commercially available enzyme grars ser727p [ @80 - - . -
linked immunosorbent assay according to the manufacturer’'s recommend. @
tions (CLB, Amsterdam, The Netherlands) STATS tyr705-p - - - o
Statistics STAT3(K15) | = wmem ww o = W
For IL-6 secretion, experiments were performed in triplicate, and differ- i 1 2 3 4 B 8 &
ences between groups were tested for significance using the 2t&isd
P < .05 was considered significant.
IL6: - + - + - + - + -+ -+ -+ -+

STAT3 ser727-p - - - g
Results STAT3tyr705p | ™= = == ® o -
Constitutive and non-IL-6—inducible Stat3, Tyr705, and Ser727 STAT3 (K15) | s e == o s " s e

phosphorylation and DNA binding in AML cells
AML: 8 9 10 11 12 13 14 15

To assess the phosphorylation status of Stat3 in AML cells, blasts ¢

20 untreated patients were cultured in RPMI 1640 containing 10% IL-8 {min)
FCS and either were left unstimulated or were stimulated with 1( IL-6: - + -+ -+ -+ -+ 0 5 1530 60
ng/mL IL-6 for 15 minutes. Total cell extracts were subjected t0 ., ser727p Ty | P— |

Western blot analysis, and Stat3 was visualized using specifi
antibodies against phosphorylated Stat3 on Tyr705 and Ser727. (
20 patients under investigation, 5 (25%) showed constitutive Stat.  STAT3 (K15)
tyrosine and serine phosphorylation, which was not further up- AML: 16 17 18 19 20 HepG2
regulated by stimulation with IL-6 (Figure 1; patients 1, 11, 14, 1&gure 1. Constitutive and non-IL-6-inducible Stat3 phosphorylation patterns
19). Fifteen patients showed normal transient IL-6—induced Sta#8 observed in 25% of the investigated patients with AML.  AML cells and HepG2
phosphorylation patterns with similar kinetics as in HepGZ cel|§”5 were plated inl12»well culture plates, eithef unstimulated or stimulated with 10

. . . . ng/mL IL-6 for 15 minutes (AML) or for 5 to 60 minutes (HepG2), and equal amounts
(Flgure 1)' Interestlngly, the expression levels of Stat3 Van%atotal cell lysates were subjected to SDS—PAGE followed by Western blot analysis.
strongly among the AML samples. In addition, there was a stromgosphorylated Stat3 was visualized using phospho-specific antibodies recognizing
variation in IL-6—induced Stat3 phosphorylation levels; in patient&r705- and Ser727-phosphorylated Stat3. As a control, equal amounts of total cell
with AML with constitutive Stat3 activation, the degree of phosphof¥S21es were Western blotted using antibodies against Stat3 (K-15).
ylation was relatively low (Figure 1).

Nuclear extracts were isolated from 3 AML samples (Figure Zonstitutive Stat3 activation. Subsequently, AML cells (patients 1,
patients 17, 18, 19), and Stat3 DNA binding was studied on the IRE, 14, 18, 19) were cultured for 24 hours in the absence and
from the ICAM-1 promoter. The AML cells characterized by IL-6-presence of anti-IL-6 and were washed,; this was followed by IL-6
induced Stat3 Tyr705 phosphorylation also demonstrated IL-8timulation for 15 minutes. Pretreatment with anti-IL-6 resulted in
induced Stat3 DNA binding. Supershift analysis demonstrated thiahibition of the basal Tyr705 and Ser727 phosphorylation of Stat3.
the complexes bound to the IRE in response to 10 ng/mL IL-6 weferepresentative experiment is shown in Figure 3A. In addition,
composed of Stat3 but not of Stat1. In contrast, stimulation with Ztat3 Tyr705 and Ser727 phosphorylations could now be induced
ng/mL IFN-y strongly induced Statl DNA binding. Constitutiveby treatment with IL-6 to 18.4-fold and 6.8-fold induction,
Stat3 Tyr705 correlated well with constitutive DNA binding, whichrespectively.
could not be further up-regulated by IL-6. Finally, Western blotting To study further the kinetics of Stat3 Tyr705 phosphorylation
experiments using antibodies recognizing Tyr701- phosphorylateith longer stimulation of IL-6, in 2 patients AML cells with and
Stat1 demonstrated no constitutive or IL-6—induced Stat1 phosphwithout constitutive Stat3 activation were treated with IL-6 for
ylation (data not shown). Taken together, these data demonstrated
that approximately 25% of the patients with AML were character-

STAT3 tyr705-p | "™ e == - ———

.- “ — — —
- - ————

w
ized by a constitutive activation of Stat3 not inducible by IL-6. w ':‘é
Prz: L
Constitutive Stat3 activation is correlated with high IL-6 g g 8 8 s
secretion levels ‘g “’8 8 8 ‘g
To further investigate the nature of the constitutive Stat3 activatior PN (15 min): + 4
in AML cells, IL-6 protein levels were determined in cell-free L-6(5min:| - + + + + + -+ -+
supernatants after 24 hours of culture. Patients characterized tgyars s
constitutive Stat3 phosphorylation and_DNA bln_dlng demonstrate(gTary ss —» ‘ .
high levels of spontaneous IL-6 protein secretion (946 to 23 661 g1aT3 - “
pg/mL), whereas AML cells with IL-6 inducible Stat3 activation = STAT1 = 4 .
showed low or no detectable IL-6 protein levels (Table 1). B CH] }kttiltitiAiB S A A DDD i F-n-LEL
AML17 AML18  AML19
Treatment of AML cells with anti-IL-6, but not anti-IL-1, restores Figure 2. Electrophoretic mobility shift assay of AML samples. AML cells

. L (patients 17, 18, 19) were either unstimulated or stimulated with 10 ng/mL IL-6 or
Stat3 inducibility by IL-6 IFN-y as indicated. Nuclear extracts were isolated and analyzed for Stat3 binding
Because AML cells characterized by constitutive Stat3 activatidlﬁtivity by electrophoretic mobility shift assay using a 32P-labeled IRE probe from the

. . human ICAM promoter. Supershift assays were performed using antibodies against
also SpontaneOUS|y secreted hlgh levels of IL-6 proteln into t t1 and Stat3, and in competition experiments a 100-fold molar excess of IRE or an
medium, we questioned whether IL-6 might be responsible for thepecific probe was used.



3768 SCHURINGAetal

A 8
Pretreatment: o'\\;
IL-6 (15 min): - + - +
ser727-p
tyr705-p
STAT3 | ——
B R

(\{1 \(\{ﬂ _—
IL6: 015 30 60 » o _24hrs

—_— = tyr705-P

STAT3
‘7 17” 957 49 7170 11 0.757 11 7072 94 |
=
AML 16 | ——— e e o - i tyr705-P
|
!
i

i
| 1+ 06 03 02 03 05 05 005 01

C N
"
&
X

IL6: - + - +

tyr705-P
AML 18
STAT3

Figure 3. Treatment with anti-IL-6 but not anti-IL-1 blocks constitutive Stat3
phosphorylation and restores IL-6 inducibility. (A) AML cells (patient 19) were
cultured in 12-well plates and pretreated with either anti-IL-6 (1:1000) or left
untreated. After 24 hours, cells were washed and were left unstimulated or were
stimulated with 10 ng/mL IL-6 for 15 minutes. (B) AML cells (patients 18, 20) were
cultured in 12-well plates and stimulated with 10 ng/mL IL-6 for several time periods
as indicated. After 24 hours, cells were treated with anti-IL-6 (1:1000) as indicated for
15 or 60 minutes. Equal amounts of total cell lysates were subjected to SDS—-PAGE,
followed by Western blot analysis as described in A. (C) AML cells (patient 18)
cultured in 12-well plates were either pretreated with anti-IL-1 (1:250) overnight or left
untreated. After 24 hours, cells were washed and stimulated with 10 ng/mL IL-6 for 15
minutes as indicated. Equal amounts of total cell lysates were Western blotted as
described in A.
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nor restore the IL-6 inducibility of Stat3 phosphorylation, indicat-
ing that IL-1 is not responsible for the spontaneous IL-6 protein
secretion in the investigated AML cells.

Constitutive Stat3 activation and high IL-6 protein secretion
levels correlate with high-expression levels of the Stat
inhibitors SOCS-1 and SOCS-3

SOCS proteins represent a family of negative regulators of
cytokine signaling that probably switch off the cytokine signal by
binding to Jak proteins through SH2 domains, thereby inhibiting
the activation of Stat’1° To investigate the IL-6-induced up-
regulation of SOCS-1 and SOCS-3 in AML cells, we prepared
cDNA of unstimulated or IL-6-stimulated cells and performed
RT—PCR using specific primers for SOCS-1 and SOCS-3. SOCS-1
and SOCS-3 mRNA levels were low in unstimulated AML cells
that were characterized by IL-6—inducible Stat3 phosphorylation
and were quickly up-regulated by IL-6 (Figure 4, lanes 4 and 5). In
contrast, AML cells characterized by high IL-6 secretion levels and
constitutive Stat3 phosphorylation patterns showed high basal
levels of SOCS-1 and SOCS-3, whereas exogenous added IL-6 did
not further enhance the expression (Figure 4, lanes 1 and 2).
Similar results were obtained in RT-PCR analyses for 2 other
patients with AML with constitutive Stat3 activation (patients 1 and
14; data not shown). Surprisingly, treatment of these AML cells
with anti-IL-6 for 2 hours did not result in reduced SOCS-1 and
SOCS-3 mRNA levels (Figure 4, lane 3), suggesting that other
cytokines able to induce the expression of SOCS-1 and SOCS-3
were secreted by these AML cells. To underscore this possibility,
the cell-free supernatant of patient 11 with a constitutive Stat3
activation was collected and added to that of patient 7 without a
constitutive Stat3 activation. As demonstrated in Figure 4, cultur-
ing the AML cells of patient 7 in this supernatant resulted in high
and non-IL-6—inducible levels of SOCS-1 and SOCS-3 expression

+s.n.
+sn AML 11
AML 11 +0-IL-6 o/n

IL-6
o-IL-6
IL-6
a-IL-6
IL-6
a-IL-6
IL-6
a-IL-6

SOCS-1

varying time periods from 15 minutes to 24 hours (Figure 3B). IL-6 =
induced a quick and strong up-regulation of Stat3 Tyr705 phosphor
ylation in patient 20, whose levels returned to low basal levels afte
60 minutes. In patient 18, IL-6 did not induce Stat3 Tyr705
phosphorylation within 24 hours. Furthermore, the time-course o
the action of anti-IL-6 was investigated in both patients after 24
hours of stimulation with IL-6. As depicted in Figure 3B, 15-

minute treatment with anti-IL-6 already reduced Tyr705 phosphor-
ylation, which was completely reduced to low basal levels after

B2-ugiobulin

S0CS-3

. ) . . 2-pglobuli
60-minute treatment with anti-IL-6. These data indicate that R2-globulin
constitutive Stat3 phosphorylation can quickly be down-regulatec 1.2 3 4 5 67 8 9101 12

by treating the cells with anti-IL-6. AML 11 AML 7

Previously, it was demonstrated that IL-1 is an importartigure 4. High IL-6 secretion levels correlate with high SOCS1 and SOCS3

cytokine involved in IL-6 production by AML cell§4142Thus. the expression levels. AML cells (patients 11, 7) were cultured in 12-well plates and

constitutive secretion of IL-6 may be caused by a spontane
secretion of IL-1. To investigate this possibility, AML cells tn3

stimulated for 1 hour with IL-6 (lanes 2, 5, 8, 11) or with anti-IL-6 for 2 hours (lanes 3,

Oé‘,l%, 12). In lanes 1 to 6, cells were cultured in RPMI 1640 for 24 hours before

stimulation. In lanes 7 to 9, cells from patient 7 were cultured in the AML supernatant

patients) with spontaneous phosphorylation of Stat3 were culturiggh patient 11. In lanes 10 to 12, cells from patient 7 were cultured in the AML
for 24 hours in the presence or absence of anti-IL-1. A typicatljpernatant from patient 11, which was depleted of IL-6 by adding anti-IL-6. Total

example is depicted in Figure 3C. Pretreatment with anti-IL-1 f

RNA was isolated, 3 pg RNA was reverse transcribed with M—MuLV reverse

qranscriptase, and cDNA was used in a PCR reaction using specific primers for

24 hours did not reduce the spontaneous tyrosine phosphorylatigs-1, Socs-3 or g2-pglobulin as a control.
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(Figure 4; lanes 7 to 9), even when it was depleted of IL-6 byp-regulation of BcL—xL and the concomitant prevention of
applying saturating amounts of anti-IL-6 to the supernatant (Figus@optosis?® though the cause of the constitutive Stat3 activation
4, lanes 10 to 12). Taken together, these data indicate that in AML cefisght be different for AML cells. Furthermore, Bromberg etéal
characterized by high IL-6 secretion levels and constitutive Sta@monstrated that a constitutively active Stat3 mutant, in which 2
phosphorylation, SOCS-1 and SOCS-3 expressionis disturbed.  cysteine residues within the C-terminal loop of the SH2 domain are
substituted, induces cellular transformation and strongly up-
) ) regulates the expression of cyclin D1, BcL—xL, anthge These
Discussion data suggest that constitutive Stat3 activation may contribute by
multiple mechanisms to the malignant phenotype of cells.

Although the exact function of IL-6—induced Stat3 signaling in o . . . -
hematopoietic cells is not well defined, it has been suggested th tStnkmeg, in the investigated AML cells, the constitutive Stat3

IL-6 plays an important role in the proliferation and survival oﬁ osphorylation was cagsed by the gutocrlne secrethn of .IL._G
early hematopoietic progenitor ceff*In addition, IL-6 signaling 2€CaUSe treatment of anti-IL-6 resulted in a restored IL-6 inducibil-
results in gene expression patterns important for Iineage-restricig/dOf Stat3 Tyr705 and Ser727 phosPhOFY'a“f?“- Therefore, we
differentiation along the myeloid and lymphoid lineadeé conclude that gpl30 downstream signaling is normal in the

Particularly, Stat3 activation has been implicated in macrophaﬁ'lé/eStigated AML cells and that the constitutive Stat3 activation is
differentiation?® However, the effects of IL-6 on the growth angdnot linked to oncogene activation, as has been described in cells

survival of AML cells are variable. In most patients, growthlransformed by Src, Abl, and various other oncoproteins and tumor
supportive effects of IL-6 are described especially in conjunctiofifuses:* The cause of the constitutive expression of IL-6 in the
with additional cytokines, whereas in some patients a growtRelected number of patients with AML was not elucidated, but it
inhibitory effect is observe#-5* Constitutive Stat3 activation hasseems not to have been caused by IL-1. Previous studies have
been demonstrated in AML and is described in 15% to 20% @emonstrated that spontaneous IL-6 secretion was linked teBNF-
patients®3-3¢ |n the current study, it is demonstrated that in 25% dPNA binding that could not be blocked by anti-IL-1, suggesting an
the patients with AML, constitutive phosphorylation of Tyr705 anéberrant function or triggering of thexB kinases or related
Ser727 is observed that is not further inducible by IL-6. It is alsproteins®57.58.59
demonstrated that constitutive Stat3 phosphorylation is related to The negative feedback loop of SOCS-1 and SOCS-3 expres-
the autocrine secretion of IL-6 and that a constitutive non-IL-6sion, which is normally quickly up-regulated by IL-6, was constitu-
inducible Stat3 activation pattern in AML is correlated withively activated in the patients with AML with constitutive Stat3
increased expression levels of SOCS1- and SOCS-3. phosphorylation. SOCS expression was relatively high, and IL-6
IL-6-induced Stat3 transactivation involves phosphorylation ¢fid not further up-regulate SOCS mRNA levels. In line with the
Tyr705 and Ser727 residues. Tyrosine phosphorylation allows Sgayated SOCS-1 and SOCS-3 expression, the levels of Stat3
dimerization, translocation to the nucleus, and binding to targghosphorylation were lower in these patients than the IL-6—induced
gene promoters. Although it is still unclear how Stat3 Ser7Z,o5phorylation levels in AML cells without a constitutive Stat3
phosphorylation is Ilnk_ed to transcrlptlonal_actlvatlon, _|t has_ beeé_btivation. Surprisingly, treating constitutive AML with anti-IL-6
clearly demonstrated in many cellular settings that this reS|duedﬁj not result in reduced SOCS-1 and SOCS-3 MRNA levels,

essential for maximal Stat3 transcriptional poterittéPlt has been Wpereas Stat3 Tyr705 and Ser727 phosphorylation levels were

specy_lated that Stat3 Ser72_7 phosphorylation allows bindi_ng 2duced to basal levels. The discrepancy between both findings
specific cofactors, thus coupling the RNA polymerase | machlnegyeems to be related to the fact that additional cytokines also

to Stat transcription factors. In blast cells of patients with AML, we .
found a constitutive Stat3 DNA binding and phosphorylation 0regulate SOCS expression. It has been demonstrated that, among

both Tyr705 and Ser727 in approximately 25% of the patient ,-6, many other cytokines and growth factors can up-regulate the

demonstrating that Stat3 is not only constitutively bound to targggpressmn of SOCS-1 and SOCS-3, including qukem|a_1 inhibitory
gene promoters, it also constitutively initiates gene transcriptiolt¢to. IL-4, IFN-y, and granulocyte—colony-stimulating  fac-
Recently, it has been demonstrated that Stat3 plays a key roldQf'>#** However, it is intriguing that after treatment with
G1- to S-phase cell-cycle transition through the up-regulation 8ti-IL-6, the IL-6-induced Stat3 phosphorylation was totally
cyclins D2, D3, A, and cdc25A and the concomitant downtestored despite the persistent expression of SOCS-1 and SOCS-3.
regulation of p21 and p2¥.Thus, the constitutive Stat3 activation T hese findings suggest that the functional activity of the negative
might affect proliferation and cell survival, leading to a growtfeedback loop is not only determined by the degree of expression
advantage over normal cells. Indeed, constitutive Stat3 activatiBrt may also depend on post-translational modification.

leads to higher cell survival rates and to lower susceptibility for In conclusion, the data demonstrate that the autocrine and
cytostatic agents (Schuringa J.J., unpublished observations). Sip#iracrine secretion of IL-6 by AML cells causes the constitutive
lar results have been described in patients with multiple myeloraativation of Stat3, which may have important consequences for
whereby the constitutive Stat3 activation is associated with &me growth and survival characteristics of AML cells.
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