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RNF6 promotes chronic myelogenous )
leukemia cell proliferation and migration

Check for
updates

by stabilizing vimentin via multiple

atypical ubiquitinations

Chronic myelogenous leukemia (CML) is a malignancy from
bone marrow myeloid stem cells mainly driven by the fusion
gene BCR-ABL. In addition to BCR-ABL, other genes
including RNF6 are also dysregulated in CML cells.” RNF6, a
ubiquitin ligase of the RING family, promotes various cancer
cell proliferation, chemoresistance, and tumor growth in
vivo by targeting various proteins for ubiquitination and
degradation, including SHP1, TLE3, FOXA1, and MAD1.?
However, its specific mechanism in CML is not known.

To find out the specific protein substrates of RNF6 in CML
cells, we performed an affinity-purification coupled LC/MS/
MS assay and found that vimentin (VIM), a major constitu-
ent of the intermediate filament family of proteins and a
key regulator of tumor growth, invasion, and poor prog-
nosis,* is an interacting partner of RNF6 which was further
confirmed in CML and HEK293T cells (Fig. S1A, B; Fig. 1A,
B). Given RNF6 is a ubiquitin ligase to regulate the stability
of specific proteins, we next examined VIM protein in the
presence or absence of RNF6. The results showed that
overexpression of RNF6 increased VIM protein, in contrast,
knockdown or knockout of RNF6 by its specific shRNA or
sgRNA brought down VIM protein in both K562 and KMB5,
two typical CML cell lines (Fig. 1C, D; Fig. S1A, B). Notably,
RNF6 showed no activity on HDAC2 stability (Fig. 1C, D),
another potential substrate found in the MS assay (Fig. S1A,
C). Moreover, RNF6 did not alter the mRNA level of VIM (Fig.
S2C, D). To further evaluate the effect of RNF6 on VIM
protein stability, HEK293T cells were transfected with VIM
alone or along with RNF6 plasmids, followed by the treat-
ment of cycloheximide, an inhibitor of protein synthesis de
novo. The subsequent IB analysis revealed that in the
presence of RNF6, the half-life of VIM was markedly
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increased (Fig. 1E; Fig. S2E). Moreover, the correlation
analysis of VIM and RNFé proteins in various cell lines also
found that the VIM protein level was highly associated with
RNF6 (Fig. 1F; Fig. S2F). All the above studies collectively
concluded that RNF6 up-regulated VIM at the post-trans-
lational, not at the transcriptional level.

Given RNF6 is a ubiquitin ligase and it stabilizes VIM pro-
tein, we wondered whether the underlying mechanism was
associated with VIM ubiquitination. To this end, RNF6 and Ub
plasmids were transfected into HEK293T cells followed by IP
and IB assays to evaluate the VIM ubiquitination level. The
results showed that RNF6 promoted VIM polyubiquitination
(Fig. S3A). Moreover, when RNFé6 was knocked down, VIM
ubiquitination was significantly reduced (Fig. S3B). Because
RNF6 is a RING family ubiquitin ligase and its activity is
dependent on the RING domain,* we next further discussed
whether the RING domain was essential for RNF6 to ubig-
uitinate VIM. To this end, RNF6 or its RING-lacking mutant
(ARING) was co-transfected with VIM, the following IP/IB
assay showed that RNF6 again increased VIM ubiquitination,
but the ARING mutant failed to increase VIM ubiquitination
(Fig. S3C). This result thus suggested that RNF6 mediated VIM
ubiquitination in a manner dependent on its RING domain.

Given the diversity of ubiquitination forms and different
results from specific ubiquitination forms that have been
found in RNF6,? we next wondered which specific form(s) of
ubiquitination on VIM mediated by RNF6. To this end, VIM
plasmids were co-transfected with wild-type (wt) and sin-
gle lysine-containing ubiquitin plasmids with or without
RNF6, the subsequent IP/IB assays revealed that the Ké-,
K27- and K33-ubiquitination on VIM was increased in the
presence of RNF6 (Fig. 1G). Notably, K11- and K48-linked
polyubiquitination, the major ubiquitination form for pro-
tein degradation, was not seen in VIM by RNF6 (Fig. 1G).
Moreover, RNF6 increased the K6-, K27-, and K-33-linked
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Figure 1 RNF6 mediates VIM for multiple atypical polyubiquitinations and stabilizes VIM to promote CML cell migration. (A) CML

cell lysates were subject to IP/IB assays as indicated. (B) VIM and RNF6 plasmids were co-transfected into HEK293T cells, followed
by IP/IB assays. (C) KBM5 cells were infected with pLVX-RNF6 or sgRNF6 lentivirus. Ninety-six hours later, cell lysates were prepared
for IB with specific antibodies. (D) K562 cells were infected with pLVX-RNF6 or RNF6 shRNAs lentivirus. Ninety-six hours later, cell
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polyubiquitinations on VIM in a concentration-dependent
manner (Fig. 1H, 1). Therefore, all these results demon-
strated that RNF6 promotes VIM for multiple forms of
polyubiquitination.

VIM is activated by phosphorylation, especially at Ser39,
to increase cancer cell motility and invasion.> To find out
the effects of RNF6 on VIM activity, we knocked down or
overexpressed RNF6 in CML cells, and the subsequent IB
analysis revealed that RNF6 up-regulated VIM, along with its
Ser39 phosphorylation (Fig. S4A, B). Furthermore, when VIM
was mutated at several common phosphorylation sites,
including S39A, S56A, and S83A, it turned out that RNFé6
failed to stabilize S39A VIM but increased the levels of the
WT and the S56A and S83A VIM (Fig. 1J). Interestingly, RNF6
binding to S39A VIM was reduced (Fig. S4C), further sug-
gesting that RNF6 acts on phosphorylated VIM. This finding,
therefore, suggests RNF6 might specifically prevent the
degradation of VIM with S39 phosphorylation; it also im-
plicates RNF6 promotes VIM for its oncogenic activity.

Given that RNF6 promotes VIM stability and increases its
$39 phosphorylation, RNF6 and VIM might contribute to CML
cell proliferation and migration. To this end, we infected
CML cell lines with VIM lentivirus (Fig. 1K) and indeed found
that overexpression of VIM increased CML cell migration
(Fig. 1L). Moreover, VIM also promoted CML cell proliferation
(Fig. S5A). Consistent with these observations, RNF6 knock-
down (Fig. 1M) reduced CML cell migration (Fig. 1N) and
proliferation (Fig. S5B). Moreover, the effects of shRNF6 on
CML cell proliferation and migration were partly prevented
by lentiviral VIM (Fig. S5C, D). These findings suggest that the
action of RNF6 on CML cells is partly via VIM.

We recently found that RNF6 could be degraded via
autoubiquitination by the anti-CML agent nilotinib.* In the
drug screen, we found that arsenic trioxide (ATO) was able
to down-regulate both RNF6 and VIM (Fig. 10) and sup-
pressed CML cell proliferation (Fig. S6A), and the over-
expression of either RNF6 or VIM could rescue the cleavage
and activation of PARP and caspase-3 induced by ATO (Fig.
S6B, C), the hallmarks of apoptosis, suggesting ATO induces
CML cell death partly via the RNF6/VIM axis. Furthermore,
we found ATO promoted RNF6 polyubiquitination but pre-
vented VIM for polyubiquitination (Fig. 1P, Q). We further
found that ATO showed no activity on Ké6-, K48- and Ké63-
linked ubiquitination of VIM (Fig. SéD, E), but reduced the
K27- and K33-linked ubiquitination (Fig. S6E). These

findings thus suggest that ATO induced MM cell apoptosis by
targeting the RNF6/VIM axis.

Our previous report found that RNF6 is a downstream
gene of the transcription factor PBX1 in CML cells.” The
PBX1/RNF6 axis contributes to CML proliferation, chemo-
resistance, and tumor growth in vivo." The present study
further revealed a molecular mechanism of RNF6 in pro-
moting CML cell migration and proliferation. We demon-
strated that RNF6 binds to and mediates VIM for multiple
atypical polyubiquitinations including Ké-, K27-, and K33-
linked forms, and stabilizes and activates VIM in CML cells.
Although previous reports have documented RNFé pro-
motes the development of solid cancers by activating
various oncogenic signaling pathways, including SHP1/
STAT3, Wnt/B-catenin, or androgen receptors via Ké63-,
K48-, and K27-linked polyubiquitination.? The present
study adds novel ubiquitination forms mediated by RNF6
and it will help to understand the pathophysiology of RNF6
and VIM in CML.

In conclusion, our study identifies RNF6 as a novel
ubiquitin ligase of VIM in CML cells. RNF6 mediates multiple
atypical ubiquitinations on VIM and these modifications
prevent VIM from degradation. The RNF6/VIM axis promotes
CML cell proliferation and migration. Targeting the RNF6/
VIM axis could be a novel strategy for CML treatment.
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lysates were prepared for IB assay against specific proteins as indicated. (E) HEK293T cells were transfected with HA-VIM, with or
without Myc-RNF6 for 24 h followed by CHX treatment for indicated duration. Cell lysates were then prepared for IB assay. (F) The
whole-cell lysates from various cell lines were subject to IB assays against RNF6 and VIM. (G) HEK293T cells were co-transfected
with Flag-VIM, different linkages of HA-Ubiquitin (wild-type, K6-, K11-, K27-, K29-, K33-, K48-, K63-Ub), with or without pLVYX-RNF6
for 48 h. The cell lysates were subject to IP/IB assays as indicated. (H, I) HEK293T cells were transfected with Myc-VIM, K6-Ub (H) or
K27Ub or K33-Ub (1) and increased pLVX-RNF6 for 48 h. The cell lysates were subjected to IP/IB as indicated. (J) The 293T cells were
co-transfected with Flag-Vimentin mutant (wild-type, S39A, S56A, S83A) plasmids in the absence or presence of pLVX-RNF6. Cell
lysates were subjected to IB with the indicated antibodies. (K) K562 and KBM5 cells were infected with lentiviral vimentin for 96 h
followed by IB assays. (L) Cells infected with lentiviral VIM as shown in (K) were subjected to Transwell migration assays. (M) K562
and KBM5 cells were infected with lentiviral shRNF6 for 96 h followed by IB assays. (N) Cells infected with lentiviral shRNF6 as
shown in (M) were subjected to Transwell migration assays. (0) K562 and KBM5 cells were treated with ATO for 24 h and cell lysates
were then subjected to IB assays against RNF6 and VIM. (P, Q) K562 and KBM5 cells were treated with ATO for 12 h and cell lysates
were then subjected to immunoprecipitation with an anti-VIM antibody and IB for K48-linked Ub (P) and K63-linked ubiquitination

Q.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
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