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Stomatin—mediated inhibition of the Akt signaling axis
suppresses tumor growth
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Background and purpose
Tumor growth and progression are complex processes caused by mutual interactions between
cancer cells and their surrounding stroma including many types of cellular and acellular
components. Among them, the direct intercellular communications play roles in the regulation
of tumor behaviors. However, the regulatory molecular mechanism largely remains unclear.
To examine the mechanism, the in vitro coculture system in which prostate cancer LNCaP
cells can directly contact with primary human prostate stromal cells (PrS cells} has been
developed, and genes that are upregulated in prostate cancer LNCaP cells have been screened.
Stomatin was identified as one of the upregulated genes. Stomatin is tethered to the inner side
of the plasma membrane. Although stomatin has been reported to be involved in the
maintenance of the cell morphology, particularly in red blood cells, little is understood about
its function in cancer cells. Therefore, the purpose of this study is to reveal the role and
function of stomatin in cancer biology.

Methods

Prostate cancer LNCaP cells and PC3M cells, which did not express stomatin, and 22Rv1
cells, which expressed a certain degree of stomatin, were mainly used in this study. Stomatin|
expression in cancer cells was analyzed by quantitative PCR (qgPCR) and western blot. Cell
proliferation and TUNEL assays were performed to examine the stomatin function at the
cellular levels. Doxycycline (Dox)-inducible expression system was used to stably and
temporally express stomatin in prostate cancer LNCaP and PC3M cells. Stomatin expression
was transiently and stably knocked down in 22Rv] cells by transfection of stomatin siRNA
and shRNA, respectively. The in vivo xenograft tumor model was generated by subcutaneous
injection of prostate cancer cells in immunosuppressed SCID mice. The function of stomatin
in the Akt-related pathway was analyzed in western blot and immunochistochemistry. Protein
interactions of stomatin were detected in immunoprecipitation using total cell lysates and
GST-pull down assay using recombinant proteins. With informed consent in the form of]
opt-out, the resected and stored prostate cancer samples from the patients were examined in
gPCR and immunohistochemistry. Patients’ clinical information was also used for the
analysis of prostate cancer recurrence.
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Results

The mRNA and protein levels of stomatin were confirmed to be increased in LNCaP cells
cocultured with PrS cells. The Dox-induced expression of stomatin in LNCaP cells and PC3M
cells strongly suppressed Ki67-positive proliferative cells and induced apoptotic cells,
resulting in the almost complete inhibition of tumor cell increase in vitro. In the in vivo
xenograft tumor model, the tumor growth was significantly retarded by induction of stomatin
expression. In contrast, when stomtin expression was knocked down in 22Rvl cells, cell
proliferation was enhanced and apoptosis was impaired, leading to the rapid cell increase in
vitro and tumor growth promotion in ix vive.

The Akt-related pathway is crucial for cell proliferation and survival. Stomatin was found
to inhibit phosphorylation (activation) of Akt. The phosphorylation is mediated by
phosphoinositide-dependent protein kinase 1 (PDPK1), and PDPKI1 protein stability is
maintained by its binding to heat shock protein 90 (HSP90). In the immunoprecipitation and
protein-protein binding experiments, stomatin directly bound to PDPK1 competitively with
HSP90, and thus, PDPK1 expression was reduced. Conversely, knockdown of stomatin in
22Rv] cells increased PDPK1 expression and Akt activation.

In tumor samples surgically isolated from patients with prostate cancer, stomatin
expression was significantly decreased in the samples with high Gleason scores. It was|
observed that in the samples, stomatin was highly expressed in prostate cancer cells in
juxtaposition to stroma cells. Finally, lower expression of stomatin was associated with higher
recurrence of prostate cancer after the operation.

Discussion

This study revealed the stomatin-mediated novel signaling pathway to suppress tumor
growth and progression. Stomatin expression was elevated by the interaction between
prostate cancer cells and prostate stromal cells in vitro and in vive, which mimics the tumor
microenvironment that occurs upon cancer cell invasion into the surrounding connective
tissue. The mechanism by which stomatin suppresses tumor progression was dependent on
the inhibition of Akt activity through the instability of PDPK1 expression, resulting in both
the significant attenuation of cancer cell proliferation activity and the enhancement of
apoptosis. '

However, it remains unclear how stomatin expression is upregulated in cancer cells by
the direct cell-to-cell contact with surrounding stromal cells. Revealing the mechanism to
regulate stomatin expression might lead to the development of novel anti-cancer therapy via
the stomatin-mediated tumor suppressive actions.

Conclusion
This study revealed that stomatin inhibited cell proliferation and enhanced apoptosis in tumor

cells through reduction of PDPKI1 expression and subsequent attenuation of the Akt
activation, leading to the suppression of tumor growth.
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AL TiE. DAMBAEEME L OBEFICIVZ T AFREBLHAONICTAEDIC, B
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1) LNCaP #if8C Stomatin ZBRIRIR I W5 LBIELSMEI I, HRESFEINT,

2) Stomatin ZIBFIFIR T 5 LNCaP MR % RERE~ U RBHET 5 LIEBEORE B
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3) StomatiniX. Akt Z V) VB89 % PDPK1 & #E4& L. PDPK1-HSP90 &A% fiRht X ¥,
PDPK1 2 RZEENT D Z & TAkt DV VEELZMEE L, B2 L7,

4) NTEMEIZ Stomatin ZREBETANAMIL T, Stomatin 2/ v 7 ¥ 45 LEFHEN)N
TUEL, v U ROBER TEEORENITE L,

5) BEHEEOEVEIILIR AMRAETIX Stomatin OFBAMET L7z,

6) Stomatin OFBMAMEWRILZRSABE TIX, BREEN LF LT,

A, FEAE & OREFIZ L 0 ATIIROS AMBAE TRIERA LF T 5 Stomatin DOHEEEIC

DWTHLRMREEEZ LD TH Y, FHBERRL L TRIXNFICEE LREZRE
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