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Abstract

Inactivation of the von Hippel-Lindau (VHL) tumor suppressor gene occurs in the majority of
clear-cell renal cell carcinomas (RCC). It was previously shown that VHL decreased the
abundance of integrin a2, a5 and p1 — consistent with VHL-associated changes in cell-cell and
cell-extracellular matrix adhesions. We investigated the mechanism by which VHL down-
regulates integrins. Although VHL can target hypoxia-inducible factor alpha (HIFa) subunits for
degradation, VHL-dependent reduction of integrins was independent of O, concentration and
HIFa levels. VHL reduced the half-lives of integrins and this activity was blocked by proteasomal
inhibition. Ectopic expression of Flag-VHL, while retaining activity for HIFa degradation, neither
down-regulated integrins nor promoted adherens and tight intercellular junctions, in contrast to
expression of wild-type VHL. Moreover, integrins co-immunoprecipitaed with wild type VHL,
but not Flag-VHL. These data indicate that down-regulation of integrins by VHL is distinct from
VHL’s regulation of HIF a subunits, and suggests that loss of this activity contributes to VHL-
associated RCC development through disruption of adherens and tight junctions.
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Introduction

Disruption of the VHL tumor suppressor gene causes a hereditary cancer syndrome
characterized by clear-cell renal cell carcinomas (RCC), hemangioblastomas within the
central nervous system and retina, and pheochromocytomas. Biallelic VHL inactivation also
occurs in the majority of sporadic RCC (Kim and Kaelin, 2004; Kaelin, 2007). Moreover,
ectopic expression of VHL in VHL-negative RCC cells inhibits their ability to form tumors
in nude mice (lliopoulos et al., 1995; Schoenfeld et al., 1998). Two native, biologically
active VHL gene products have been previously identified as VHLp24(MPR) and
VHLp18(MEA) (Schoenfeld et al., 1998).
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At least one function of VHL is as a component of an E3 ubiquitin ligase complex that
targets subunits of hypoxia-inducible factor a (HIFa) for ubiquitin-mediated proteasomal
degradation under normoxic conditions (Maxwell et al., 1999; Kim and Kaelin, 2004).
Nevertheless, genotype-phenotype correlations in VHL disease suggest that VHL has HIF-
independent functions (Hoffman et al., 2001; Kim and Kaelin, 2004). Current studies
indicate that both HIF-dependent and HIF-independent pathways are essential for VHL’s
role as a tumor suppressor (Hoffman et al., 2001; Kondo et al., 2003; Kim and Kaelin, 2004;
Stickle et al., 2004).

We previously demonstrated that VHL directs renal cells to form organized epithelial-like
morphology through cell-cell and cell-extracellular matrix (ECM) signaling (Davidowitz et
al., 2001). Cell-ECM signaling is primarily mediated by integrins (Giancotti and Ruoslahti,
1999). Integrins are cellular adhesion receptors that mediate cell binding to extracellular
matrix and adjacent cells (Giancotti and Ruoslahti, 1999; Hynes, 2002). Each integrin is a
heterodimeric molecule consisting of one a and one P subunit. Integrin signaling influences
cell survival, proliferation, migration and differentiation (Giancotti and Ruoslahti, 1999;
Hynes, 2002; Guo and Giancotti, 2004). In general, tumor cells frequently overexpress
integrins (Guo and Giancotti, 2004) and specifically the clear cells of renal cysts and
carcinomas have elevated integrin levels compared to normal proximal tubule cells (Paraf et
al., 2000). Previous data showed that reintroduction of VHL into VHL-negative RCC cells
resulted in reduced levels of integrins (Davidowitz et al., 2001).

Several research groups have demonstrated that integrin engagement disrupted intercellular
adherens junctions (Kawano et al., 2001; Wang et al., 2006). In renal epithelial cells,
adherens junctions and tight junctions are closely interrelated (Calzada et al., 2006). The
formation and maintenance of tight junctions are generally dependent on the formation and
maintenance of adherens junctions (Yamada et al., 2006). These junctions play key roles not
only in epithelial cell adhesion and polarization, but also in their movement and proliferation
(Yamada et al., 2006). The junctional complex is impaired in many cancer cells, and this
alteration is associated with tumor initiation and progression (Cavallaro and Christofori,
2004; Calzada et al., 2006). VHL is required for proper assembly of adherens and tight
intercellular junctions in renal cancer cells (Calzada et al., 2006).

In the current study, we investigated the mechanisms by which VHL down-regulates
integrins. Our results show that VHL down-regulates integrins through an HIF-independent
mechanism. Furthermore, down-regulation of integrins by VHL was associated with the
restoration of adherens and tight junctions in renal cells.

Materials and Methods

Cell lines and culture

Parental 786-0 cells and cell lines stably expressing empty vector pCR3 (Invitrogen,
Carlsbad, CA), VHLp24(MPR), VHLp18(MEA) and Flag-VHLp24(MPR) have been
previous described (Schoenfeld et al., 1998; Schoenfeld et al., 2000). Flag-VHLp18(MEA)
containing a FLAG epitope at the N-terminal of VHLp18 was produced as previously
described (Schoenfeld et al., 2000) and used to generate stable expression in 786-0 and
A498 cells. HIF2a knockdowns were created using retroviral supernatants containing
HIF2a shRNA #2+#3 generously provided by Dr. William G. Kaelin, Jr., Harvard Medical
School, Boston, MA (Kondo et al., 2003). Parental A498 cells and subclones stably
expressing either empty vector (pLNCX2) or VHLp18(MEA) have been previously
described (Lutz and Burk, 2006). The cell line RCC10 and its derived VHL expressing line
RCC90 were generously provided by Dr. Miguel Esteban, Imperial College London,
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London, United Kingdom (Esteban et al., 2006a). All cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) containing 10% fetal bovine serum.

For experiments with cells cultured under hypoxic condition, cells were incubated for 16 h
in BD BBL™ pouches (BD Biosciences, San Jose, CA) to achieve <2% oxygen or treated
for 16 h with 250 uM Cobalt Chloride (CoCl,, Sigma, St. Louis, MO) to achieve chemical
hypoxia (Bluyssen et al., 2004).

For determination of protein half-life, cells were treated with 50 ug/ml cycloheximide
(CHX, Sigma) to inhibit new protein synthesis. To block proteasomal degradation, cells
were incubated for 6 h with 10 uM MG132 (EMD Biosciences, Darmstadt, Germany)
dissolved in DMSO.

Mouse anti-VHL monoclonal antibody 11E12 has been previous described (Schoenfeld et
al., 1998). Rabbit anti-VHLp24(MPR) polyclonal antibody 888 was generated using a
synthetic peptide corresponding to amino acids 1-14 of the VHL coding region. This
antibody only recognizes VHLp24(MPR) and not VHLp18(MEA). Mouse antibodies
recognizing integrin a2 (clone 2), integrin a5 (clone 1), integrin f1 (clone 18), fibronectin
(clone 10), HIF-1a (clone 54), Cul-2 (clone 4) and ZO-1 (clone 1) were obtained from BD
Biosciences. Goat anti-integrin a3 (C-18) and mouse anti-p21 (C-19) antibodies were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA). Rabbit anti-GLUT-1 (GT12-A)
antibody was purchased from Alpha Diagnostic International (San Antonio, TX), rabbit anti-
HIF-2a antibody from Novus Biologicals (Littleton, CO), and rabbit anti-B-catenin and
mouse anti-p-tubulin (clone TUB 2.1) antibodies were from Sigma.

Western blots

Western blot experiments were performed as previously described (Davidowitz et al., 2001).
Briefly, cells were lysed in RIPA lysis buffer (50 mM Tris-HCI, pH 7.4, 150 mM Nacl,
0.25% deoxycholic acid, 1% NP-40, 1 mM EDTA) (Upstate, Lake Placid, NY)
supplemented with 200 uM phenylmethylsulfonyl fluoride (PMSF) and 1x complete mini
protease inhibitor cocktail (Roche Diagnostics, Indianapolis, IN) for 30 min at 4°C. Protein
concentrations were determined by the Bradford assay (Bio-Rad, Hercules, CA). Lysates
were then adjusted to load equal amounts per lane.

Co-immunoprecipitation

786-0 cells ectopically expressing VHLp24(MPR) were grown in 100-mm culture dishes
and were lysed 9 days after reaching confluence in 0.5 ml of ELB buffer (50 mM Hepes, pH
7.6, 250 mM NacCl, 0.75% deoxycholic acid, 0.1% NP-40, 5 mM EDTA, 1 mM PMSF, 1 ug/
ml each of aprotinin, pepstatin, bestatin, and leupeptin) for 30 min at 4°C. All subsequent
steps were performed at 4°C. Lysates were clarified by centrifugation at 20,000 xg for 15
min. A 400 ul aliquot of clarified lysate was incubated overnight with 4 ul of the rabbit anti-
VHL(VHLp24) polyclonal antibody 888. Immune complexes were collected on protein G
Plus-Agarose beads (Santa Cruz Biotechnology). Similarly, 786-0 cells ectopically
expressing Flag-VHLp24(MPR) were lysed, clarified and then incubated overnight with
anti-FLAG M2-agarose beads (Sigma). Immune complexes were washed four times with
lysis buffer, boiled in SDS loading buffer, and separated by SDS-PAGE. VHL and
coimmunoprecipitating proteins were visualized by Western blot analysis.

Immunofluorescence microscopy

Methods for immunofluorescence microscopy have been previously described (Lutz and
Burk, 2006). Briefly, cells were plated on coverslips, fixed in 2% paraformaldehyde and
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extracted with 0.1% saponin (Sigma). Coverslips were incubated with primary antibodies:
rabbit anti-pB-catenin (1:800) and mouse anti-ZO-1 (1:50). After three washes in PBS
(Sigma), secondary antibodies (Alexa Fluor 488 goat anti-mouse 1gG and 568 goat anti-
rabbit 1gG; Molecular Probes, Carlshad, CA) were used at 1:500. Samples were analyzed by
wide-field, fluorescence microscopy using a Zeiss Axiovert 200M with Apotome for optical
sectioning (Zeiss, Thornwood, NY) and a 63x% 1.4 n.a. oil objective. Images were collected
using a high-resolution AxioCam MRm digital camera and Zeiss Axiovision software.

VHL down-regulates integrins through a hypoxia-inducible factor-independent mechanism

To study the mechanism by which VHL down-regulates integrins, we first determined
integrin and fibronectin protein levels in 786-0 cells with and without VHL expression (Fig.
1). Increased fibronectin levels correlated with expression of VHL (MEA or MPR);
whereas, levels of integrin a2, a3, a5 and p1 were reduced.

To evaluate the effect of hypoxia and HIFa levels on the expression of integrins, cells were
cultured under normoxic or hypoxic conditions. As expected, HIF-2a levels were increased
under hypoxic conditions in 786-0 (VHL+) cells (Fig. 2A, lanes 5 and 6) with a concomitant
increase in levels of GLUT-1, an HIF target. However, 786-0 (VHL+) cells cultured under
hypoxic conditions continued to have low levels of integrin a2, a3, a5 and f1 compared to
the levels in 786-0 (VHL-) cells. In addition, observation by phase microscope indicated
786-0 (VHL+) cells maintained epithelial-like morphology under hypoxic conditions (data
not shown).

To determine whether these results were generalizable to other VHL(-) renal carcinoma cell
lines, A498 (data not shown) and RCC10 cells were analyzed (Fig. 2B). Similarly, hypoxia
had no discernable affect on integrin levels. Since RCC10 cells express both HIF-1a and
HIF-2a, this VHL activity is not limited to cells lacking HIF-1a.,, such as 786-0 and A498
cells.

To confirm the HIF-independent regulation of integrins by VHL, HIF-2a was knockdown in
786-0 cells using short hairpin RNAs (shRNA). As shown in Fig. 2C, HIF-2a. shRNA
knockdown decreased levels of HIF-2a and GLUT-1. Despite reduced levels of HIF-2a by
ShRNA, the levels of integrin a2, a3, a5 and p1 remained unchanged. Thus, VHL down-
regulation of integrins operates through an HIF-independent mechanism in different cell
lines and shown by use of hypoxia and HIF-2a shRNA knockdown.

Integrins undergo VHL-dependent proteasomal degradation

We next determined the effect of VHL on integrin stability. We examined integrin levels
after treatment with cycloheximide (CHX). The integrin levels in 786-0 (VHL-) cells were
stable over 6 hours and MG132 did not increase their levels (Fig. 3A, lanes 1-5). In contrast,
integrin a2, a5 and p1 in 786-0 (VHL+) cells demonstrated a decreased half-life when
protein synthesis was blocked by CHX treatment (Fig. 3A, lanes 6-9). MG132 treatment
restored integrin protein levels to those present in untreated 786 (VHL+) cells (Fig. 3A,
compare lane 10 to lane 6). Integrin a2, a5 and 1 levels were quantitated (Fig. 3B) and all
had half-lives of 3—4 hours in the presence of VHL compared to >6 hours in VHL-negative
lines. These data support the notion that integrins undergo VHL-dependent proteasomal
degradation.
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Down-regulation of integrins by VHL is associated with the restoration of renal cell
adherens junctions and tight junctions

Ectopic expression of either VHLp24(MPR) or VHLp18(MEA) in 786-0 cells resulted in a
monolayer of polygonal cells with characteristics of differentiated epithelia. However,
ectopic expression of either Flag-MEA (FMEA) or Flag-MPR (FMPR) in 786-0 cells did not
restore a differentiated epithelial morphology (Fig. 4A, top row). To determine whether
adherens junctions and tight junctions were reestablished in cells containing wild type or
epitope-tagged VHL, we examined B-catenin (adherens junctions marker) and ZO-1 (tight
junctions marker) localization (Fig. 4A, middle and lower row). VHL-positive 786-0 (MEA)
and 786-0 (MPR) cells showed intense staining of p-catenin at cell-cell contact boundaries.
Z0-1 also displayed a preferential distribution along the cell periphery. In contrast, staining
of B-catenin and ZO-1 in VHL-negative 786-0 (pCR3) cells was more randomly dispersed.
786-0 (FMEA) and 786-0 (FMPR) cells showed a more discontinuous and less focused
staining pattern of p-catenin and ZO-1 compared with 786-0 (MEA) and 786-0 (MPR) cells.
These results indicate that Flag-VHL failed to promote intercellular junctions in 786-0 cell.

Since VHL epitope-tagged with Flag has been previously used for biochemical studies (Yu
etal., 2001; Roe et al., 2006), we confirmed Flag-VHL activity by Western blotting (Fig.
4B). Both Flag-MEA and Flag-MPR containing cells led to degradation of HIF-2a., as well
as decreased levels of GLUT-1. Flag-MEA and Flag-MPR also resulted in increased levels
of fibronectin, similar to MEA and MPR. Strikingly, both Flag-MEA and Flag-MPR failed
to down-regulate integrin levels. The ability of Flag-VHL to induce degradation of HIF-2a
was not associated with the reappearance of adheres junctions and tight junctions.

To determine whether this phenomenon was generalizable to other renal-derived cells, we
also examined VHL construct expression in A498 cells and RCC10 cells. Flag-VHL, while
restoring the regulation of HIF-a and fibronectin, neither down-regulated integrin levels nor
restored adherens and tight junctions (data not shown). These results indicate that down-
regulation of integrins by wild type VHL is associated with the restoration of adherens and
tight junctions in renal cells.

Integrins co-immunoprecipitate with wild type VHL

Since integrins undergo VHL-dependent proteasomal degradation, whereas Flag-VHL lacks
this activity, we hypothesized that integrins would associate with VHL but not Flag-VHL.
To test this hypothesis, 786-0(MPR) cells were lysed and immunoprecipitated with rabbit
anti-VHLp24(MPR) polyclonal Ab888. Ab888 only recognizes the VHLp24(MPR) form.
Immunoprecipitation of VHLp24(MPR) pulled down known VHL binding partners: Cul-2
and fibronectin, as well as integrin a2, a5 and p1 (Fig. 5A, lane 2). In contrast, no integrins
were detected in immunoprecipitates from 786-0 (MEA) cells, since Ab888 does not
recognize VHLp18(MEA). Integrin a2, a5 and B1 also co-immunoprecipitated with native
VHL in the renal-derived 293T cells (data not shown), indicating the interaction between
integrins and VHL was not related to heterologous expression.

Cellular extracts of 786-0 (Flag-MPR) cells were then immunoprecipitated with anti-flag
M2 agarose beads followed by immunoblotting. Flag-MPR immunoprecipitated VHL
binding partners: Cul-2 and fibronectin, but not integrin a2, a5 and 1 (Fig. 5B, lane 2).

Discussion

In this report, we investigated the mechanism by which VHL down-regulates integrins in
RCC cells. We show that HIFa levels were neither associated with VHL-mediated integrin
levels nor intercellular junctions. VHL-mediated reduced steady state levels of integrins was
due to decreased half-life that was blocked by proteasome inhibition and mechanistically
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correlated with the co-immunoprecipitation between VHL and integrins. Ectopic expression
of Flag-MPR or Flag-MEA in multiple VHL-negative RCC cell lines restored HIFa
regulation, yet neither down-regulated integrins nor promoted assembly of intercellular
junctions. This infers that Flag disrupts the structural requirements of VHL for some
activities, but not the ubiquitin ligase activity for HIFa.

The best-documented function of VHL is targeting subunits of hypoxia-inducible factor a
(HIFa) for proteasomal degradation (Maxwell et al., 1999; Kim and Kaelin, 2004). VHL’s
activities that are independent of HIF regulation include assembly of extracellular
fibronectin and collagen IV matrix, assembly of intercellular adherens junctions and tight
junctions, promotion of cell differentiation, and cilia production (Hoffman et a/., 2001;
Bluyssen et al., 2004; Calzada et al., 2006; Lutz and Burk, 2006; Grosfeld et al., 2007).
Gene expression studies also indicated that VHL influences abundant HIF-independent
target genes (Wykoff et al., 2000; Bluyssen et al., 2004; Abdulrahman et al., 2007).
Additionally, VHL is involved in several cellular processes for which a link to HIFa is
unclear, such as regulation of cytoskeletal stability (Hergovich et al., 2003) and cell-cycle
arrest (Davidowitz et al., 2001).

VHL directs renal cells to form organized epithelial-like morphology, adherens junctions
and tight junctions. This event is independent of HIFa alteration, cell cycle effects and HGF
signaling (Davidowitz et al., 2001; Stickle et al., 2004; Calzada et al., 2006). Blocking
fibronectin matrix assembly in 786-0 cells ectopically expressing VHL had no influence on
cell monolayer organization, tight junction assembly and paracellular permeability
(Davidowitz et al., 2001; Calzada et al., 2006). A role for E-cadherin has been proposed for
assembly of adherens junctions; however, no E-cadherin protein was detected in 786-0 cells
ectopically expressing VHL. Nevertheless, ectopic expression of VHL in 786-0 cells
promotes the assembly of intercellular junctions (Davidowitz et al., 2001; Calzada et al.,
2006). E-cadherin is also unnecessary for the formation of tight junctions in MDCK cells
(Yamada et al., 2006). Furthermore, restoration of E-cadherin expression by VHL in two
other VHL-defective cell lines (RCC4 and RCC10) was recently found to be mediated via
HIF (Esteban et al., 2006b). Thus, VHL regulation of E-cadherin and fibronectin matrix is
unlikely to be responsible for the assembly of adherens and tight intercellular junctions in
renal cells.

Several research groups have demonstrated that integrin engagement induced the disruption
of intercellular adherens junctions (Kawano et al., 2001; Wang et al., 2006). Here we
showed that wild type VHL down-regulated integrins and promoted adherens junctions and
tight junctions; whereas, Flag-VHL neither down-regulated integrins nor induced adherens
junctions or tight junctions. These results indicate VHL-mediated assembly of adherens
junctions and tight junctions is associated with down-regulation of integrins.

VHL mRNA is abundantly expressed within the epithelial lining of proximal tubules in the
kidney during embryogenesis, consistent with a role for VHL in renal proximal tubular
differentiation (Kessler et al., 1995). A neddylation-defective VHL mutant, while restoring
the regulation of HIF, was reported to fail to promote cell morphologic differentiation and
was insufficient to suppress tumor formation in nude mice (Stickle et al., 2004).

VHL induces renal cell differentiation through cell-cell and cell-extracellular matrix (ECM)
signaling (Davidowitz et al., 2001). Cell-ECM signaling is primarily mediated by integrins
(Giancotti and Ruoslahti, 1999). Since integrin signaling influences cell survival,
proliferation, migration and differentiation (Giancotti and Ruoslahti, 1999; Hynes, 2002;
Guo and Giancotti, 2004), we reasoned that integrins may contribute to VHL-mediated renal
cell differentiation. This notion is supported by the observation that clear cells of renal cysts
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and carcinomas have elevated integrin levels compared to normal proximal tubule cells
(Paraf et al., 2000). Moreover, poorly differentiated RCC tumors have increased expression
levels of integrins when compared to normal kidney tissues or differentiated RCC tumors
(Anastassiou et al., 1995).

No differences in mRNA levels of integrin a2, a3, a5 and 1 were observed in previous
gene expression studies comparing VHL-negative and positive 786-0 cells (Wykoff et al.,
2000; Bluyssen et al., 2004; Abdulrahman et al., 2007). Moreover, of 113 genes identified as
having differential gene expression in at least three of six independent microarray studies
comparing RCC tumors and normal kidney tissue, no changes in integrin expression was
reported (Lenburg et al., 2003). In addition, recent gene expression data showed 786-0 cells
ectopically expressing MPR or Flag-MPR have similar mRNA levels of integrin a.2, a3, a5
and B1 (Q. Ji and R.D. Burk, unpublished data). These observations support the results
presented in this report that VHL regulates integrins at a post-transcriptional level.
Furthermore, we showed that integrins in 786-0 cells ectopically expressing VHL had
markedly reduced half-lives after CHX treatment that was restored with proteasome
inhibition. This suggests a mechanism whereby VHL might interact with one or more of the
integrins, targeting them for proteasomal degradation. In support of this, integrin a.2, a5 and
B1 specifically co-immunoprecipitated with wild type VHL but not Flag-VHL.

How does VHL physically associate with integrins? First, VHL may directly bind to integrin
a2, a5 or B1l. Since VHL physically interacts with fibronectin and collagen 1V, the ligands
of integrins (Ohh et al., 1998; Grosfeld et al., 2007), the interaction between VHL and
integrins may be indirect. Although, Flag-VHL immunoprecipitated fibronectin, but not
integrins.

In conclusion, this report shows that VHL down-regulates integrins through an HIF-
independent mechanism and this event is associated with restoration of adherens and tight
junctions. These data support the notion that at least two distinct and independent pathways
(degradation of HIF and down-regulation of integrins) contribute to VVHL’s role as a tumor
suppressor.
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Fig. 1.

VHL decreases integrins and increase fibronectin levels. 786-0 cells stably expressing either
empty vector pCR3, VHLp18(MEA) or VHLp24(MPR) were harvested 3 days after
reaching confluence. Cell lysates were immunoblotted with the antibodies indicated to the
left of the blots. VHL was detected using mAb 11E12. 1. p-tubulin was used to confirm
equal protein loading.
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Integrin expression is not influenced by hypoxia. (A) VHL-negative 786-0 cells stably
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Integrin a2

Integrin a3

Integrin a5

Integrin 1

GLUT-1

HIF2a

B-Tubulin

expressing pCR3 and VHL-positive 786-0 cells stably expressing VHLp18(MEA). (B)
VHL-negative RCC10 cells and VHL-positive RCC10 cells stably expressing VHL were
grown in the presence of 21% O,, <2% O, or 250 pM CoCl, for 16 h. (C) 786-0 cells were
infected with the empty parental retrovirus or retrovirus encoding HIF-2a. shRNA. All cells
were harvested 3 days after reaching confluence. Cell lysates were immunoblotted with the
antibodies indicated to the left of the blots. B-tubulin was used to confirm equal protein

loading.
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Fig. 3.
VHL leads to increased proteasome-dependent degradation of integrins. (A) Confluent
VHL-negative 786-0 cells containing pCR3 and VVHL-positive 786-0 cells ectopically

expressing VHLp18(MEA) were treated with cycloheximide (CHX) for the times indicated

about each blot or with both CHX and MG132 for 6 h. Cell lysates were separated in a
4~20% SDS-PAGE gel and immunoblotted with antibodies indicated to the left of the
Integrin a3 is undetectable in 786 (VHL+) cells (see Fig. 1). p21, a short-lived

blots.

proteasomally degraded protein, was used as a positive control for CHX/MG132 treatment.

(B) Integrin band intensities were quantified by IMAGEUANT 5.0 (Molecular Dynam
Sunnyvale, CA) and are graphically represented.
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Fig. 4.

Ectopic expression of VHL, but not Flag-VHL induces intercellular junctions and down-
regulates integrin expression. (A) VHL-negative 786-0 cells containing pCR3 and 786-0
cells ectopically expressing VHLp18(MEA), Flag-VHLp18(MEA) (FMEA),
VHLp24(MPR) or Flag- VHLp24(MPR) (FMPR) were grown on coverslips for 3 days post-
confluence. Phase contrast images are shown in the top panels. Bar, 100 um. Cells were then
costained for p-catenin (middle row) and ZO-1 (lower row). Images were captured using a
high-resolution AxioCam MRm digital camera on a Zeiss Axiovert 200M microscopy. Bar,
20 um. (B) Western blot of cell extracts from cell lines shown in panel A. Cells were
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harvested 3 days post confluence and immunoblotted with antibodies indicated to the left of
the blots. B-tubulin was used to confirm equal protein loading.
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IP: anti-Flag

VHL(-) FMPR

Integrins co-immunoprecipitate with VVHL but not Flag-VHL. (A) 786-0 cells stably

expressing VHLp18(MEA) or VHLp24(MPR) cells were harvested after reaching

confluence and cell lysates were immunoprecipitated with rabbit anti-VHLp24(MPR)
polyclonal antibody 888. Immunoprecipitates were collected on protein G plus-Agarose

beads. (B) VHL-negative 786-0 cells containing pCR3 and 786-0 cells ectopically

expressing Flag-VHLp24(MPR) (FMPR) were harvested after reaching confluence and cell
lysates were immunoprecipitated with anti-FLAG M2-Agarose. Immunoprecipitates were
immunoblotted with antibodies corresponding to the proteins shown to the left of the blots.

VHL was detected using mAb 11E12.
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