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ARTICLE INFO ABSTRACT
Articl_e history: DOCK2; a member of the CDM protein family, regulates cell motility and cytokine production through the
Received 23 March 2010 activation of Rac in mammalian hematopoietic cells and plays a pivotal role in the modulation of the

Available online 27 March 2010 immune system. Here we demonstrated the alternative function of DOCK2 in hematopoietic tumor cells,

especially in terms of its association with the tumor progression.
Keywords: Immunostaining for DOCK2 in 20 cases of human B cell lymphoma tissue specimens including diffuse

DOC:IQI b large B cell lymphoma and follicular lymphoma revealed the prominent expression of DOCK2 in all of the
ﬁacce ymphoma lymphoma cells. DOCK2-knockdown (KD) of the B cell lymphoma cell lines, Ramos and Raji, using the
ERK lentiviral shRNA system presented decreased cell proliferation compared to the control cells. Further-

more, the tumor formation of DOCK2-KD Ramos cell in nude mice was significantly abrogated. Western
blotting analysis and pull-down assay using GST-PAK-RBD kimeric protein suggested the presence of
DOCK2-Rac-ERK pathway regulating the cell proliferation of these lymphoma cells. This is the first report
to clarify the prominent role of DOCK2 in hematopoietic malignancy.

© 2010 Elsevier Inc. All rights reserved.

Hematopoietic malignancy

1. Introduction the alternative function of DOCK2 associated with carcinogenesis
especially in the hematopoietic malignancy.
A guanine nucleotide exchange factor (GEF), DOCK2, which is a

hematopoietic cell-specific homolog of the CDM family protein [1], 2. Materials and methods

plays an essential role in the regulation of cell motility and

cytokine production through the activation of Rac in human hema- 2.1. Histological analysis and immunohistochemistry

topoietic cells [2-4]. A knockout study against DOCK2 demon-

strated the alternative role of DOCK2, regarding murine T- and B- Formalin-fixed, paraffin-embedded human malignant lym-
cell motility [5] and control of the cardiac transplant rejection in phoma specimens which included 10 cases each of diffuse large B cell
mice [6]. The prominent roles of DOCK2, such as immune modula-  [ymphoma and follicular lymphoma were selected. The pathological
tion associated with T cell differentiation [7,8] and neutrophil che- diagnosis of all 20 cases was made in our department and an affili-
motaxis [9,10] were also disclosed. ated hospital. The human specimens and the formalin-fixed paraf-

A small GTPase Rac, a member of Rho protein family, regulates  fin-embedded xenografts removed from nude mice were sectioned
the cell motility and cell cycle through the reorganization of the and stained with hematoxylin and eosin (HE) using standard proto-
actin cytoskeleton [11]. The activators for Rac, such as Vav and  col. Immunohistochemistry was performed using anti-DOCK2 [2]
Tiam-1, have been reported to associate with tumor invasion and and anti-Ki67 (MIB1; Dako, Glostrup, Denmark) antibodies.
metastasis in several non-hematopoietic malignancies [12-14],
although the distinctive role of the DOCK2-Rac pathway in tumor- 2.2. Cell lines
igenesis remains to be investigated. In this study, we have explored

The human B cell lymphoma cell line, Ramos and Raji cell line,
"+ Corresponding author, Fax: +81 11 706 5902. was obtained from RIKEN BioResgurc.e Res'ource Center Cell Bank

E-mail addresses: nisihara@patho2.med.hokudai.ac.jp, hnishihara@s5.dion.ne.jp (Tsukuba, Japan). Cells were maintained in Dulbecco’s modified

(H. Nishihara). minimal essential medium (DMEM) supplemented with 10% fetal
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bovine serum (FBS), 2 mM L-glutamine, and 100 U/ml penicillin
and streptomycin.

To measure growth rates of the cells, 1 x 10° cells were seeded
onto 60-mm diameter plates with DMEM containing 2% FBS, and
the numbers of cells were counted every day using a hemocytom-
eter (Fisher Scientific, Pittsburgh, PA).

2.3. Establishment of DOCK2-KD malignant lymphoma cell lines

We have employed BLOCK-iT™ Lentiviral miR RNAi Expression
System (Invitrogen, Carlsbad, CA) to knock down the DOCK2
expression in lymphoma cells. The target sequences (codons
594- and 1364-) were determined by BLOCK-iT™ RNAi Designer
(Invitrogen), and oligonucleotides were subcloned into the pLen-
ti6/V5-DEST Gateway® Vector. pcDNA™ 6.2-GW/EmGFP-miR-neg
control (Invitrogen) was used as a negative control which con-
tained random oligonucleotide. The lentiviruses which contained
short hairpin RNA were obtained following the manufacturer’s pro-
tocol and were transduced into the Ramos and Raji lymphoma
cells. Cells were cultured in the presence of 20 pg/ml blasticidin
(invitrogen), and drug-resistant clones were isolated.

Case 1

Case 2

Case 4

2.4. SDS-PAGE and immunoblotting

SDS-PAGE and immunoblotting were performed as described
previously [15]. Antibodies were obtained from the following
sources: anti-phospho-ERK, anti-phospho-AKT, anti-phospho-p38
(Cell Signaling Technology, USA); anti-Actin antibody (Chemicon
International, Temecula, CA); anti-Racl (Transduction Laborato-
ries, KY).

2.5. Pull-down assay for Rac1 activity

Detection of the GTP-bound form of Racl was performed as
described previously [3]. Briefly, cells were lysed with buffer
containing 25 mM HEPES (pH 7.4), 150 mM NaCl, 10% glycerol,
1mM EDTA, 1% NP40, 10 mM MgCl,, 1 pg/ml aprotinin, and
1 mM PMSF. Lysates were centrifuged at 12,000 rpm at 4 °C
for 1 min, and the supernatants were incubated with 10 pg of
purified GST-PAK2-RBD and glutathione-Sepharose 4B beads.
The proteins bound to GST fusion protein were separated by
SDS-PAGE and analysed by immunoblotting with anti-Rac1
antibody.

Fig. 1. DOCK2 expressed in human B cell lymphoma tissues. HE staining revealed the diffuse infiltration of enlarged atypical lymphocytes (Cases 1 and 2; diffuse large B cell
lymphoma) or vague nodular lesion consist of small atypical lymphocytes (Cases 3 and 4; follicular lymphoma). Immunostaining represented the distinct expression of
DOCK2 in all of the lymphoma cells as well as reactive lymphoid cells, while no expression was observed in vascular endothelial cells or other non-hematopoietic tissues.
Asterisks indicate the vascular lumen. Scale bars mean 100 pm in the left lane or 0.5 pm in the two right lanes, respectively. Squares indicate the areas subjected to higher

magnification.
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2.6. Reagents

A phosphatidylinositol-3 kinase (PI3K) inhibitor, LY294002;
and Rac specific inhibitor, NSC23766 were obtained from Cal-
biochem (San Diego, CA), and MAPK/ERK kinase (MEK) inhib-
itor, U0126 was from Cell Signaling Technology (Beverly,
MA).
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Fig. 2. The levels of GTP-Rac and phospho-ERK were decreased in DOCK2-
knockdown lymphoma cells. The expression of DOCK2 and the phosphorylation
of several kinases in shRNA-transduced Ramos (A and C) and Raji (A) cells were
analyzed by immunoblotting. Control, randomized shRNA; 594 and 1364, shRNA
designated for codons 594- and 1364- of DOCK2 cDNA, respectively. (B) Pulldown
analysis for GTP-Rac1 using GST-PAK2-RBD was performed in shRNA-transduced
Ramos and Raji cells. (D) The wild type Ramos cells were cultured in the presence of
the indicated inhibitors at 50 pM for 48 h and applied for immunoblotting analysis.
LY294002, PI3K inhibitor; U0126, MEK inhibitor; NSC23766, Rac inhibitor.

2.7. Xenograft propagation

Subcutaneously, 1 x 10° cells were injected into four of the 3-
week-old female nude mice, BALB/cA Jcl-nu (nu/nu) (CLEA Japan
Inc., Japan). The mice were euthanized 18-21 days after injection,
and tumors were removed and weighed. Histopathological exam-
inations were performed, including hematoxylin and eosin stain
and Ki67 stain.

3. Results and discussion
3.1. DOCK2 expresses in human B cell lymphoma
The expression of DOCK2 was previously shown in several

hematopoietic cell lines derived from human malignant lym-
phoma, such as Ramos from B cell lymphoma, as well as normal
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Fig. 3. DOCK2 and Rac contribute growth properties of lymphoma cells in vitro. The
shRNA-transduced Ramos and Raji cells (A), and the wild type Ramos cells with or
without NSC23766 (50 uM) were plated onto 60-mm diameter plates and the
numbers of cells were counted every day using a hemocytometer. Results are
shown as means + SD of at least three samples each. For statistical comparisons
between groups, the Student’s t test was used.
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lymphocytes in human tissue specimens [2], although the distinc-
tive role of the DOCK2-Rac pathway in tumorigenesis remains to
be investigated. To confirm the expression of DOCK2 in human
pathological tissue of hematopoietic malignancy, we performed
immunostaining for DOCK2 using 20 cases of human lymphoma
specimens. As a result, we observed the membraneous and cyto-
plasmic stain of DOCK2 in all lymphoma cases which we examined,
including the following two common types of B cell lymphoma:
diffuse large B cell lymphoma and follicular lymphoma (Fig. 1).
The intensity of DOCK2 staining was similar to that of normal lym-
phocytes, suggesting that DOCK2 would be an essential molecule
for tumor cells as well as non-tumorous lymphocytes.

3.2. DOCK?2 regulates cell proliferation through Rac-ERK activation in
human B cell lymphoma in vitro

To explore the role of DOCK2 in tumor progression, we have
established DOCK2-KD B cell lymphoma cell lines. We obtained
the two types of B cell lymphoma, Ramos and Raji, in which the
expression of DOCK2 was explicitly abrogated by the two types of
shRNA targeting codon 594-, and codon 1364- (Fig. 2A). We also
confirmed that the active form of Rac1, a specific effecter molecule
for DOCK2, was significantly decreased in these DOCK2-KD cells
(Fig. 2B). To assess the role of DOCK2 in growth response, we ob-
tained the growth curve of these cells, and found that the growth
rates of DOCK2-KD Ramos and Raji were significantly declined
compare to the control cells (Fig. 3A). A specific Rac inhibitor,
NSC23766, also inhibited the cell proliferation of wild type Ramos
cells (Fig. 3B); therefore, we hypothesized whether the DOCK2-
Rac pathway could influence some kinases associated with cell
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proliferation, such as MAP kinases and AKT [16]. In fact, western
blotting analysis revealed the decreased phosphorylation level of
ERK in DOCK2-KD Ramos cells (Fig. 2C) as well as in DOCK2-KD Raji
cells (data not shown), while those of AKT and p38 were not altered
(Fig. 2C). In addition, the result that NSC23766 significantly de-
creased the phosphorylation level of ERK in wild type Ramos cells
(Fig. 2D) led us to conclude that the DOCK2-Rac-ERK signaling path-
way is responsible for cell proliferation of B cell lymphoma.
Although the Ras-ERK is one of the prominent downstream path-
ways of tyrosine kinase receptors such as EGFR for cell growth in
most cancer cells, we observed no significant suppression of Ras
activity in DOCK2-KD Ramos cells by pull-down assay using GST-
RafRBD (data not shown).

3.3. DOCK?2 regulates xenograft propagation of human B cell
lymphoma in vivo

We finally examined the in vivo tumorigenesis assay using
DOCK2-KD Ramos cells. The size of subcutaneous xenografts of
DOCK2-KD Ramos cells was significantly smaller than that of con-
trol Ramos cells in 4 individual experiments (Fig. 4A) (p <0.01).
Histopathological examinations confirmed that the tumor cells of
all xenografts exhibited similar appearance in HE staining
(Fig. 4C), and that the CD20-positive, CD3-negative immunopheno-
type was consistent with that of human B cell lymphoma (data not
shown), while lower Mib-1 labeling indices were observed in all of
the four xenografts of DOCK2-KD Ramos cells (Fig. 4C). We also ob-
tained a similar result using DOCK2-KD Raji cells (data not shown).

Here we elucidated the alternative role of DOCK2, especially in
the tumor progression of B cell lymphoma and the significance of
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Fig. 4. DOCK2 is responsible for tumor formation of the lymphoma cells in nude mice. The shRNA-transduced Ramos cells were infected into the nude mice subcutaneously.
After 18-21 days, the tumors were removed from the mice and applied for histopathological examinations. (A) Examples of macroscopical appearance of removed tumors are
shown. (B) The weight of the removed tumors from each mouse (n = 4) is demonstrated by dot plot. These results were statistically analyzed by Student’s t test. (C) Formalin-
fixed, paraffin-embedded removed tumors were applied for HE staining (top) and immunohistochemistry with anti-Ki67 antibody (Mib-1; bottom). Mib-1 labeling index
(Mib-1 LI) is indicated as means + SD of 3 high powered fields for each tumor, which was statistically significant (p < 0.01).
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the pathway of DOCK2-Rac-ERK in lymphoma cell proliferation.
Our conclusion is consistent with the recent findings which dem-
onstrated the presence of the DOCK2-Rac-MEK-ERK pathway in
mouse CD4" T cells [7], although the significance of the conven-
tional Rac-PAK pathway in cancer progression has been implicated
[17].

The GTPase Rac1 is a key molecule for transformation driven by
oncogenic Ras through the cytoskeletal reorganization [18]. The
activation of Rac1 by Tiam-1 was described to be associated with
tumor progression in T cell lymphoma [19], and Rac1 was also re-
ported to inhibit apoptosis in the human lymphoma cells through
the activation of Bad phosphorylation [20]. Unlike what was deter-
mined for oncogene Rac, very few activating mutations are identi-
fied in the gene encoding Rac; therefore, the activation of the Rac-
specific GEFs such as Tiam-1 and DOCK2 might be a crucial event
in the progression of hematopoietic malignancy. Our results sug-
gest the possible target molecules of DOCK2 and Rac for lymphoma
therapy, although the detailed regulation mechanism of DOCK2
and Rac has to be explored, and clinical manifestations of the
expression of DOCK2 and Rac in large numbers of lymphoma sam-
ples are essential.
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