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Fig. 3.

Effect of Tec for Rho activation by Ga12/13-LARG. (A) Activation of SRF activity by Tec. HeLa cells were cotransfected with 0.1 pg of SRE.L-luciferase

reporter plasmid with the indicated constructs: 0.01 ng of Ga12QL, 0.01 ug of Ga13QL, 0.1 pg of APDZ-LARG, 0.1 ug of Tec, and 0.1 ug of Tec-KD. SRF activities
of cell lysates were measured after 24 h. (B) RhoA activation by Ga12-LARG and Tec in Hela cells. HelLa cells were transiently transfected with the plasmids
encoding APDZ-LARG, Ga12QL, or Tec. GTP-bound RhoA in celi lysates was detected using GST-RBD pull-down assay. The result shown is a representative of three
separate experiments with similar results. () Direct interaction of Tec with Ga12. COS1 cells were transfected with myc-tagged Tec with or without Ga12QL. Tec
was immunoprecipitated from the lysate, and the immunoprecipitates were analyzed by immunoblotting using Ga12 antibody. (D) Requirement of the TH
domain of Tec in Gee12/13-LARG signaling pathway. Hela cells were cotransfected with 0.1 pg of SRE.L-luciferase reporter plasmid with indicated plasmids as
described for A or with 0.1 pg of Tec-ATH. SRF activities of cell lysates were measured after 24 h. '

the region including its RGS domain (amino acid residues 307617
of LARG).

Finally, we examined the effect of phosphorylation of LARGon
its RhoGEF activity (Fig. 4 C and D). LARG was first phosphor-
ylated by preincubation with Tec, and then RhoGEF assays were
started by adding RhoA and Ga subunits. The preincubation with
Tec did not affect the basal RhoGEF activity of LARG. However,
Gal2 stimulated the RhoGEF activity of LARG in a phosphory-
lation-dependent manner. This stimulation was almost similar to
the level by Gal3 without Tec. The stimulatory effect by Ga12 was
also dependent on the presence of ATP during preincubation (data
not shown), confirming that the phosphorylation of LARG is
required for Ga12 to activate Rho. These results indicate that Ga12
can activate Rho through phosphorylated LARG. Tyrosine phos-
phorylation of LARG also modestly stimulated RhoGEF activity
mediated by Gal3 (Fig. 4D).

Discussion

The results of this study demonstrated the biochemical mecha-
nism of Rho activation through Ga12. Although Ga12 and Gal3
are similar in amino acid sequences and biochemical properties
and both are involved in Rho activation, several studies indicated
the functional differences between these two Ga subunits. The

736 | www.pnas.org/cgi/doi/10.1073/pnas.0234057100

most striking difference was demonstrated in Gal3 gene knock-
out mice, which showed embryonic lethality due to the defect of
vascular system formation (26). Gal2 could not rescue the
function of Gal3 in these mice. In reconstitution experiments,
Gal3 stimulated the GEF activity of p115RhoGEF. However,
Ga12 could not stimulate the GEF activity of p115 and com-
petitively inhibited the stimulatory effect of Gal3 (7). In this
report, we demonstrated that the tyrosine phosphorylation of
LARG is required for Ger12 to activate Rho. Although tyrosine
phosphorylation of LARG could further stimulate the effect of
Gal3, it was not required for Rho activation by Gal13. These
differences in the regulatory mechanisms of Gal12- and Gal3-
mediated pathways may be responsible for the different cellular
effects induced by Gal2 or Gal3.

Because the TH domain was required for Tec to stimulate
Gal2-LARG-mediated SRF activation, this domain may be
involved in the interaction with Ge12 similar to the case of Btk.
However, we could not detect the activation of Tec kinase by
Gal2 in vitro (data not shown). The exact mechanism of Gal2
to regulate Tec kinase is currently unclear. However, it is
interesting to note that thrombin, which can activate the
Gal2/13 pathway, has also been reported to activate Tec in
platelets (17). It is possible that activated Gal2 may recruit Tec
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Fig.4.  Tyrosine phosphorylation of LARG by Tec. (A) Tyrosine phosphorylation of LARG by Tec in vitro. Myc-tagged Tec or Tec-KD was overexpressed in COS1 cells,
immunoprecipitated by anti-myc antibody, and used for kinase assays. Recombinant APDZ-LARG or p115RhoGEF {600 nM each) with or without 1 uM AlF;-activated
Ga12 or Gar13 were incubated with immunoprecipitated Tec in the presence of ATP for 20 min at 30°C. Proteins were separated by SDS/PAGE, followed by
immunoblotting with antiphosphotyrosine antibody. (B) Tyrosine phosphorylation of LARG by Tec in vivo. HEK293 cells were cotransfected with myc-tagged
APDZ-LARG, AN-LARG, or p115 with or without mHTec. RhoGEFs were immunoprecipitated by anti-myc antibody from the cell lysates, and the immunoprecipitates
were separated by SDS/PAGE, followed by immunoblotting using antiphosphotyrosine antibody or anti-myc antibody. (C) Stimulation of GDP dissaciation from RhoA
by Ga12, LARG, and Tec. GDP dissociation from RhoA by APDZ-LARG was assayed for 20 min at 20°C in the presence of the indicated proteins (as described in Methods):
10nM APDZ-LARG, 200 nM AlF7-activated Gar12, and 200 nM AlF; -activated Ga13. *, P < 0.01, significant difference from the data with Ga12 + LARG + Tec. The results
shown are from a representative experiment of three such experiments with similar results. (D) Time course of GDP dissociation from RhoA. GDP dissociation from RhoA
was measured with the indicated proteins: O, control; [, 10 nM APDZ-LARG; O, 10 nM APDZ-LARG + Tec; A, 10NM APDZ-LARG + 200 nM Ga12; V7, 10 nM APDZ-LARG +

200 M Ga13; 4, 10 nM APDZ-LARG + 200 nM Ga12 + Tec; or ¥, 10 nM APDZ-LARG + 200 nM Ga13 + Tec.

in close proximity of LARG and facilitate the phosphorylation
of LARG. Tec is also activated by other stimuli, such as cytokines
and growth factors. These signaling pathways will also be able to
regulate the Gal2-LARG pathway.

In addition to Tec, the involvement of Pyk2 in the G12/13-
RhoGEF pathway has been reported (27). Furthermore, Chikumi
et al. (28) recently demonstrated that thrombin stimulation acti-
vated nonreceptor tyrosine kinase FAK in HEK293 cells and that
activated FAK could phosphorylate PDZ-RhoGEF or LARG but
not pl15RhoGEF. They also demonstrated the enhancement of
Rho activation by coexpression of activated FAK and PDZ-
RhoGEF in cells. They proposed that tyrosine phosphorylation of
PDZ-RhoGEF or LARG by FAK might be involved in the

1. Hall, A, (1998) Science 279, 509-514.

2. Whitehead, L. P., Campbell, S., Rossman, K. L. & Der, C. J. (1997) Biochim.
Biophys. Acta 1332, F1-F23.

3. Gohla, A., Harhammer, R. & Schultz, G. (1998) J. Biol. Chem. 273, 4653-4659.

4. Aragay, A. M., Collins, L. R., Post, G. R., Watson, A. J., Feramisco, J. R.,
Brown, I. H. & Simon, M. L. (1995) J. Biol. Chem. 270, 20073-20077.

Suzuki et al.

activation of Rho. However, its biochemical mechanism remained
uriclear. We demonstrated here that tyrosine phosphorylation of
LARG by Tec does not affect its basal RhoGEF activity, but rather
changes its regulation by Ga subunits. It is possible that the activity
of PDZ-RhoGEF is also regulated by tyrosine phosphorylation.
The modulation of the Gal2/13-RhoGEF pathway by tyrosine
kinases may be a widely used mechanism for G protein-coupled
receptor-mediated Rho activation.
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Fig.1 Changes in gene expression profile due to a shift in cell population composition (modified from

reference 12)

(A) The normal bone marrow (BM) is composed of various cell types, whereas the leukemic BM is
composed predominantly of the malignant blasts (green). Expansion of the leukemic cells thus results
in a decrease in the proportion of the other cell types. The overall level of expression in the leukemic
BM of genes that are selectively expressed in one type of noncancer cell (purple) would thus appear
decreased (arrow), compared with that in the normal BM, only because of the corresponding decrease
in the purple cell population. Conversely, expansion of the green cells gives rise to an apparent increase
in the tissue expression level of genes specifically expressed in this cell type, regardless of whether the
number of the corresponding transcripts per cell is actually increased or not.

(B) Previous comparisons of transcriptomes in the studies of blood cells have been performed with
MNCs of sample A and sample B, irrespective of their cellular compositions (MNC screening). In the
present study, transcriptomes were compared between leukemic blasts (shown in green) in order to
reduce the occurrence of pseudopositive and pseudonegative results generated by a shift in cell
population composition. For this approach (BAMP screening), the target leukemic blasts were purified
by affinity chromatography on a column containing anti-AC133.

Fig. 2 Comparison of MNC and BAMP screening for a healthy volunteer and an AML patient (modified

from reference 12)

Total RNA isolated from the MNCs of a healthy volunteer and a leukemia patient was used to
synthesize ¢cDNA labeled with Cy5 and Cy3 dyes, respectively. A mixture of the labeled ¢cDNA
preparations was then subjected to hybridization with a cDNA microarray containing fragments of 382
cancer-related genes (left panel). Red and green spots thus indicate genes specifically expressed in the
healthy volunteer or in the patient, respectively ; yellow spots correspond to genes expressed to similar
extents in both samples. RNA prepared from purified AC133-+ cells of the healthy volunteer and the
patient was similarly analyzed (right panel). A part of the scanned image is demonstrated. Some spots,
including those numbered, exhibited opposite patterns of expression by MNC screening and BAMP

screening.
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Table1 Blast Bank

Disease Sample No.
AML 129
ALL 23
MDS 91
CML 60
AA 17
Others 80
Total 400
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Fig.3 Transcriptomes of CML blasts (modified from reference 14)
(A) Hierarchical clustering of 3,456 genes based on their expression profiles in Blast Bank samples
derived from 13 individuals with CML and in a pooled healthy control sample (CTRL). Each column
represents a single gene on the microarray, and each row a separate patient sample. The fluorescence
intensity of every gene was normalized relative to the mean fluorescence value of all spots in each
hybridization, and the normalized value is shown color-coded as indicated on the left. The position of
a cluster of CP-specific genes is indicated by the arrow. Gray indicates blank spots. (B) Mean
expression value for each gene was calculated for CP, AP, and BC stages, and used to generate another
dendrogram, “average tree”. The presence of clusters of genes whose expression is specific to healthy

control, CP, AP, or BC samples is evident.

Fig.4 Identification of early stage-specific genes (modified from reference 14)
Profiles of genes whose expression level is reduced in AP or BC blasts relative to that in healthy control
or CP blasts. The profiles of the genes for PIASy and DAPK3 are indicated.

Fig. 5 PIASy as an apoptosis inducer (modified from reference 14)
KCL22 cells were infected with a retrovirus, MX-tetOFF/PIASy-F, for the conditional expression of
PIASy. The cells were cultured under non-induced (—) or induced (+) condition, and were stained
with the Wright-Giemsa solutions. Original magnification x400.
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Fig.6 Two-dimensional (2D) SDS-PAGE analy-
sis of Blast Bank samples
The cytosolic fraction (~10xg of protein)
isolated from ACI133* leukemic blasts was sub-
jected to 2D SDS-PAGE on a 7.5 to 169 gradi-
ent gel. The scanned image of the silver-
stained gel was then used to detect and com-
pare protein spots. The positions of molecular
mass standards (in kilodaltons) are shown at
the right.
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Fig.7 Comparison of IL~18 expression between

healthy donors and patients (modified from
reference 22)
Expression level of IL-17 protein in the sera of
13 volunteers and 13 patients was assayed by
ELISA. The p-value for the statistical compar-
ison is provided.
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6. DNA F v 7 DI ETERE~ D It H
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"HIRERRES TR v 7 — 7 ) LEERRDTIEE iR
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DNA F v 7’ & W BENEGFRVBNIC L > CEMSRIEBOFH /- R ENERE, 3R

BEGEORR, BLUREOSFELBANTECAD LEFINS, 2/50 DNA F v 7 (2EB
HF—FDEZNWRBRETHY, DERORVF Y TRADHICIE, HETHMBEBONY &5
SUVRERADBEDTIRVBEETH DS, FALBONEEXABEGTRREBRMS>BAMNE
THEEGEFEY FEMBTI20ITE, N FTA U TAITF 1 7 ADESHARARTH 5.

FL®IC

200046 Ak b/ LD NI Ty —o 3
VABEET U, 2003 4ED b MY LSEA g
WTHEHEIZY /L7 ad 27 NB#ETHTH 2
(http://www.ncbi.nlm.nih.gov/genome/guide
/human/)e WEWOXTHRZ B 7/ LB AFH
EKLEHELTA,

RA M) LRERIBNTIHE O D OE
ETHESEREAHTH2ICLA)HS TR
D, GHBROERFEMFEITE N T & HEROEIEAK
BoNBTHAD, BIZIEH B EROFRKERT
RAETHILAEEZELD L, IHROFETHNE
RUA T )~V JIETH - 720, PRI
EIlL» T2 RAMOBET ERO» SEEEE

LEBIED T, LU [RR M7 L) R
KB TR ERAJIOBIRFREEELELA
b, WRTWHHHHRHETHREE MEETOD
7=V DHI REE QREE A T B T AR
BLRAET A ENNBEITNEY,

BRETIOX I WRBERER 7Y —= 7
WibBELICAEEIDNAF Y 7 TH A5, DNA
FyvTRBRAITA NI AR EoHEED R,
¢cDNA & 2 WIEBIZFHEKOA VI X7 LA TR
EEBEIIARy PLEELDOTHY, X514 Nk
B S N8 T 2 S ETT O BIZ T O XY
REBEFOERBRTHN T LMTEBY,
¢cDNA F v 7E2RHOBROBEICE, —&O
F v 7 LT 2BMEORBULREBEET S I LN
Vo B THRE A RO mRNA b 5 ko 8k

(mEEE—5)
DNA (deoxyribonucleic acid ; 74 ¥ > U B

RNA (ribonucleic acid ; U FiZER)
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