Table S9. Results of serum biochemical tests following chronic toxicity tests in rabbits

Test Date  Control A549 AdE3-I413B Carrier cells (dose)
low moderate high
ALT Pre 57423 58+14 51+14 58+19 63+24 58+22
(U/L) Week2 59+18 73+39 55«11 43+£8%* 53+6 52+21
Week 4  96+41 67+20 67+17 56+18%* 55+12*%  63+£14%
Week 8 11327 80+22 79425 67+39 114+11 75427
AST Pre 43+10 42+13 43+8 48+14 45+6 51421
(U/L) Week2 41«10 44+10 38+10 43+10 48+13 44+19
Week 4 64+£30 43+19 4617 50+17 41+£9% 4244
Week 8  66£16 53+7 40+£5* 55+34 90+29 41£19
ALP Pre 97+52 89+31 77£26 112421 95+45 92+34
(U/L) Week?2 75438 62+21 68+24 51+16 46+£19*  38+16*
Week 4  80+£19 65+20 80+21 52+13* 51£17*%  56+19*%
Week 8 112426 105424  103%13 98+16 129+44 99+18
v -GTP Pre 5.0+£1.5  5.7£2.8 42428 6.7+3.2 5629 54+£2.7
(U/L) Week2 52+19 64445 52+£2.1 42+2.0 48+2.1 5.0+£3.8
Week 4 7.542.9  5.9+5.3 5.8+1.7 3.4+2.0%  4242.0% 4.4+2.9%
Week 8 8.0+1.4  8.0+5.2 8.5+£2.4 7.0+1.4 8.5£1.0*% 5.7£1.5
TP Pre 62.9+6.5  62.7£6.7 60.948.5 68.9+9.3  59.4+11.8 62.3+34
(g/L) Week2 659+£39 66.1+6.5 65.8+7.8 673455 066.844.5 65.1+8.2
Week 4 67.4+4.0 722459 69.0£5.7 753+£4.7% 74.4+£5.4% 84.5+5.4%
Week 8 65.3+7.2  67.6£1.7 65.042.3 68.3+£3.7 683+£34 69.8+24
ALB  Pre 19.4+3.6 19.8+3.3 18.5+4.4 22327 194439 19.7+£3.6
(g/L) Week2 21.7£2.6 20.7£3.7 20.842.8 19.4+2.1* 18.6+1.6* 16.8+2.5%
Week 4 27.7£1.8 26.0£2.9 26.8+1.6 24.8+1.0* 23.3£1.9% 24.3+1.5%
Week 8 27.3+2.2 27.4+1.0 26.2+0.5 264+2.8 26.6£0.6 26.7+0.8

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase;

v-GTP, gamma-glutamyl transpeptidase; TP, total protein; ALB, albumin; Carrier cells,
AdE3-141 3B-infected A549 cells; *, P <0.05.
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Table S10.  Results of serum biochemical tests following chronic toxicity tests in rabbits

Test Date  Control  A549 AdE3-I4A13B Carrier cells (dose)
low moderate high

TCHO Pre 1.0+0.3 12404 1.5+0.6*% 1.3+04  1.3+0.4 1.2+0.5

(mmol/L)Week 2 1.3+0.8  1.5+0.5  1.3+0.3 1.4+0.5  1.8+1.2 2.7+1.6*
Week 4 1.1+£0.2 13404 1.4+£0.3*  1.8+£0.6% 2.3+1.3 2.4+1.1
Week 8§ 1.4+0.4 1.7£0.1  2.3+0.6*  1.8+0.3  2.2+0.8 2.14£0.6*

TG Pre 1.3+0.5 1.2+0.7  2.1£1.3 1.2+0.7  1.5%1.3 1.5+¢1.3

(mmol/L)Week 2 1.7+0.6  2.0+£0.7  1.9+0.7 1.9+0.5  1.9+0.7 3.4+1.9%
Week 4 1.2£0.5  1.3+04  1.2+0.3 1.7£0.6  1.6+0.5 2.2+0.7*
Week 8  1.5+0.3  1.0+04  1.4+0.6 1.1+:0.4  1.3+0.1 1.4+0.4

BUN  Pre 83+1.2 83+2.0 7.9+1.7 72424 8.8+1.8 8.442.1
(mmol/L)Week 2 6.242.4  7.1+1.2  6.0+1.3 58£1.1  6.2+1.1 7.1+4.1
Week 4 9.6£3.0 9.2+2.0  8.9+2.7 8.8+1.6  8.0+1.8 8.8+3.1
Week 8 7.1£1.0  6.3+0.2  6.5£0.6 6.9+0.4  6.7£0.8 6.9+1.2

Creat  Pre 107+11  102+11  106£18  113+16 11118 109415

(umol/L) Week 2 93£10 89+12 98+10 95+18 91+9 T0£27*
Week 4 12518 11049 122415 113+£16 113+14 109+16
Week 8 124+11  131£15  137+6 138+12 13346 134+18

CK Pre 2275£1037 2432+1246 2381865 23344899  2803+1347  2390+1223
(U/L) Week 2 2701x1512 2826+1321 2100+816 3450+£903 33551221  3262+1638
Week 4 1582+£508  1260+534  1574+700 2331+£882%  1985+£858*  1639+1323
Week 8  922+154  1191+163  1357+511  1091+536 1591499  1019£150

GLU Pre 5.8+1.1 6.3+1.3  52+1.6 58+15 59%1.2 6.2+1.7
(umol/L) Week 2 5.0+1.0 54+12 52+0.7 5.1+1.1  5.3+1.1 5.7«1.3
Week 4  5.9+0.9 59+1.0  5.7+£1.5 7.3+25 6.1£1.9 6.3+£1.3
Week 8§  6.2+0.7 59+0.5 6.0£0.2 5.7+0.8 5.9+0.9 6.2+1.2

TCHO, total cholesterol; TG, triglyceride; BUN, blood urea nitrogen; Creat, creatinine; CK,
creatine kinase; GLU, glucose; Carrier cells, AAE3-141 3B-infected A549 cells; *, P <0.05.
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Summary

Given no reliable therapy for advanced malignant melanoma, it is important to elucidate the molecular
mechanisms underlying the disease progression. Using a quantitative proteomics approach, the ‘isobaric tags
for relative and absolute quantitation (iTRAQ)’ method, we identified that the extracellular matrix protein,
periostin (POSTN), was highly expressed in invasive melanoma compared with normal skin. An
immunohistochemical analysis showed that POSTN was expressed in all invasive melanoma (n = 20) and
metastatic lymph node (n = 5) tissue samples, notably restricted in their stroma. In terms of the intercellular
regulation of POSTN, we found that there was upregulation of POSTN when melanoma cells and normai human
dermal fibroblasts (NHDFs) were cocultured, with restricted expression of TGF-$1 and TGF-$3. In a functional
analyses, recombinant and NHDF-derived POSTN significantly accelerated melanoma cell proliferation via the
integrin/mitogen-activated protein kinase (MAPK) signaling pathway in vitro. The size of implanted melanoma
tumors was significantly suppressed in POSTN/Rag2 double knockout mice compared with Rag2 knock-out
mice. These results indicate that NHDF-derived POSTN accelerates melanoma progression and might be a
promising therapeutic target for malignant melanoma.

Significance

In this study, we found an extracellular matrix protein, periostin {POSTN), increased in invasive melanoma
compared with radial growth melanoma a quantitative proteomics approach, the ‘isobaric tags for relative
and absolute quantitation (iTRAQ)’ method. POSTN was exclusively expressed in the tumor-associated
stromal tissue not in the tumor cells, suggesting the paracrine effect of POSTN to melanoma cells
aggressiveness. As expected, secreted POSTN could augment cell proliferation in melanoma cell lines in
vitro. Moreover, we generated of postn and rag2 double knockout mice and showed significant inhibition of
human melanoma growth in those KO mice in vivo. This study could give us the cue of therapeutic effect on
melanoma growth by an agent controlling tumor microenvironment induced by POSTN. '

630 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Introduction

Malignant melanoma is one of the most aggressive
malignancies due to its strong capacity to grow, invade
and metastasize, and therefore, it is of high priority to
identify novel therapeutic targets and treatment options
for this cancer.

Periostin (POSTN), first described in 1993 in mouse
osteoblasts as osteoblast-specific factor 2 (OSF-2), is a
secreted matrix N-glycoprotein of 93 kDa (Takeshita
et al,, 1993). The N-terminal region contains four fasci-
clin-like domains as well as several glycosylation sites.
The protein originally was identified in MC3T3-E1 osteo-
blast-like cells, where it promotes integrin-dependent cell
adhesion and motility. It shares homology with the insect
cell adhesion molecule fasciclin |, with human 8 IgH3, and
is induced by transforming growth factor-f (TGF-f)
(Horiuchi et al., 1999), bone morphogenic protein-2 (Inai
et al., 2008), IL-4, IL-13 (Takayama et al., 2006), and
PDGF-bb (Li et al., 2006). As a ligand to alpha(V)beta(3)
and alpha(V)beta(5) integrins, POSTN appears to activate
the Akt/PKB (protein kinase B) pathway, which is known
to facilitate cell survival and tumorigenesis (Bao et al.,
2004; Gillan et al., 2002; Yan and Shao, 2006).

POSTN promotes the epithelial-mesenchymal transi-
tion (EMT), cancer cell growth, angiogenesis, invasive-
ness, and metastasis in several cancers (Bao et al., 2004;
Baril et al., 2007; Erkan et al., 2007; Gillan et al., 2002;
Kudo et al., 2006; Li et al., 2002; Puppin et al., 2008;
Riener et al., 2010; Sasaki et al., 2001, 2002, 2003; Shao
et al.,, 2004; Soltermann et al., 2008a,b; Tilman et al.,
2007, Tischler et al., 2010). Although it was also reported
that melanomas expressed POSTN (Tilman et al., 2007),
the precise roles and the source of POSTN in malignant
melanoma are still unclear.

We investigated the functional role of POSTN during
melanoma tumor progression in vitro and in vivo. More-
over, we herein demonstrate that stromal cells, normal
human dermal fibroblasts (NHDFs), were important
sources of POSTN in cutanecus malignant melanoma
and that NHDFs promote tumor growth and progression
and modulate the tumor microenvironment by secreting
POSTN in cutaneous malignant melanoma.

Results

Protein expression profiles in melanoma and normal
skin

To identify the proteins associated with the progression
of melanoma, we performed comparative protein expres-
sion profiling between in situ melanoma tissues and
matched normal skin tissue, or between invasive mela-
noma tissue and matched normal skin tissues. We
identified a total of 1062 proteins, and 1036 proteins
were quantitatively analyzed by the iTRAQ 4-plex tech-
nology using a nano LC-MS/MS analysis. The complete

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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list of all proteins identified is shown in Table S1. Among
the identified proteins present at different levels in the
invasive melanoma lesions compared with matched
normal skin, 30 proteins were found to have increased
more than 15-fold, while 67 proteins decreased to <0.25-
fold (Table S1). As expected, S100, a protein previously
known to be overexpressed in melanoma, was identified
as one of the overexpressed proteins. Interestingly,
POSTN was found to have a 25.703-fold higher expres-
sion in invasive tumor tissue compared with matched
normal skin and showed a 4.434-fold higher expression in
in situ tissue compared with matched normal skin
(Table S1).

Expression of POSTN in melanomas

To confirm the altered expression of POSTN in invasive
melanoma, we performed a Western blot analysis using
proteins extracted from the same samples. As shown
in Figure 1, POSTN was highly expressed in invasive
melanoma tissue and slightly expressed in in situ tissue,
although POSTN was faint in normal skin tissue
(Figure 1A).

We thereafter preformed an immunohistochemical
analysis of 20 invasive melanoma tissues and five
metastatic lymph nodes. The expression of POSTN was
observed in all invasive melanoma tissue samples and
metastatic lymph nodes (Figure 1B). POSTN was local-
ized in the stroma of the invasive melanoma, with a
mesh-like structure (Figure 1C). Together, these data
demonstrate that POSTN was overexpressed in invasive
melanoma at the protein level; this was consistent with
the results of our iTRAQ analysis.

POSTN is produced by NHDF instead of melanoma
cells

We also analyzed the expression of POSTN in the cell
lysates from three melanoma cell lines (MeWo, G-361,
and VMRC-MELG) and melanocytes by Western blot
analysis; however, the expression of POSTN was not
observed in these cells (Figure 2A). Because POSTN was
expressed in melanoma tissue samples, but not in
melanoma cell lines, we hypothesized that an interaction
between melanoma cells and NHDFs was required for
the optimum expression of POSTN. First, we cocultured
NHDFs with the MeWo, G-361, and VMRC-MELG cell
lines and performed RT-PCR and a Western blot analysis.
An overexpression of POSTN mRNA was only observed
in the cocultured cell lysates (Figure 2B), and POSTN
protein was detected in the cocultured supernatant in a
time-dependent manner (Figure 2C).

To identify the source of POSTN, we cocultured
NHDFs with CFSE-labeled MeWo cells for 48 h, and
sorted these cells into NHDF and MeWo populations. The
expression of POSTN mRNA measured by RT-PCR
showed the source of the POSTN to be the NHDFs, not
the MeWo cells (Figure 2D).

631
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TGF-$1 and TGF-3 mRNA expression in NHDFs after
the coculture with melanoma cells

While the coculture of NHDF and melanoma cells was
effective for the induction of POSTN expression, it was
unclear how POSTN was induced during the coculture. To
investigate the effect of soluble factors secreted by
melanoma cells, we cultured NHDFs in the conditioned
medium from MeWo or G-361 cells, and measured the
expression of POSTN. However, the overexpression of
POSTN was not observed at the protein level during
these experiments (Figure 2E).

Next, to detect the soluble factors inducing POSTN in
NHDFs, we examined the expression of POSTN-inducing
cytokines, such as TGF-f1, 3, IL-4, IL-13, BMP2, and
PDGF-bb, which are known to be soluble inducers of
POSTN. During the RT-PCR analysis, IL-4, IL-13, BMP2,
and PDGF-bb mRNA were not affected after the
cocultured of melanoma cells and NHDFs (Figure 2F).
However, TGF-f1 and TGF-f3 mRNA were both signif-
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Infradermal nevus

Figure 1. POSTN expression is much
higher in melanoma turmor tissues
compared with normal lesions. POSTN is
predominantly expressed in the stroma of
the melanoma tumors not melanoma cells.
POSTN was slightly expressed in the in situ
melanoma tissues (patient No. 1, No. 2)
and highly expressed in the invasive
melanoma tissues (patient No. 3) in a
Western blot analysis (A). POSTN staining
of invasive melanoma samples (upper three
panels) and metastatic lymph nodes
(middle three panels), but no expression of
POSTN was detected in the pigmented
nevus (lower left panel). Positive cells are
stained red with ALP colorization. Bar
indicates 100 pm (B). The confocal
microscopic analysis showed that POSTN
was strongly expressed in the stromal
tissue with a lattice pattern in the 3
melanoma tissues (left 3 panels) not in the
intradermal nevus (right panel). Bar
indicates 20 pm for melanoma and 10 pm
for intradermal nevus, respectively (C).

icantly upregulated in the cocultured NHDFs (Figure 2F).
In addition, neutralization of TGF-f in the coculture
markedly blocked the increase in POSTN expression
(Figure 2G).

These findings indicate that cell-cell contact between
NHDFs and melanoma cells is important for the expres-
sion of TGF-fs and POSTN from NHDFs, but the
secretion of proteins from melanoma cells is not impor-
tant for this effect.

Expression of integrin avf3 and «vf5 in melanoma
cells

Because integrin avf3, avfis, and 64 are well-known
receptors for POSTN, we investigated the expression of
these molecules by a Western blot analysis. We observed
the expression of integrin avf3 and avf5 in the MeWo
and G-361 cell lines (Figure 3A). On the other hand,
integrin «6f4 was not expressed in the melanoma cells
(data not shown).

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Lid
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Figure 2. NHDFs secret POSTN during the coculture with human melanoma cells. The POSTN protein was upregulated in the supernatant after
the coculture of NHDFs with human melanoma cells as determined by a Western blot analysis (A). POSTN mRNA was upregulated in the cell
lysates after the coculture of NHDFs with human melanoma cells (B). POSTN expression was upregulated in the coculture media in a time-
dependent manner (C). NHDFs, but not MeWo cells, induced POSTN expression under the coculture conditions (D). POSTN was not upregulated
in the treatment with the conditioned media (E). The levels of TGF81, TGFB3, IL-4, IL-13, BMP2, and PDGF-bb from NHDFs were increased after
the coculture of NHDFs with melanoma cells {F). POSTN expressions were evaluated in cultured cells with or without anti-TGF-8 neutralizing
antibody (10 pg/ml, #MAB1835, R&D system, Minneapolis, MN). Neutralization of TGF-f blocked the increase in POSTN periostin in cocultured

NHDF (G). *** indicate P-value <0.001.

Recombinant POSTN protein accelerates the
proliferation of melanoma cells

To investigate the role of POSTN in the proliferation of
human melanoma, we performed the MTT proliferation
assay using recombinant human POSTN. The melanoma
cells proliferated significantly more than control cells
following the treatment with recombinant POSTN
(Figure 3B). The proliferation in response to the treatment
with recombinant POSTN was suppressed by anti-inte-
grin avf3 and avf5 antibodies, which can neutralize the
stimulation by POSTN (Figure 3C).

The phosphorylation of Akt and p44/42MAPK was
observed in the cells treated with 100 ng/ml of recom-
binant POSTN (Figure 3D). However, the proliferation in
response to the treatment with recombinant POSTN
was abrogated by treatment with a MAPK inhibitor
(PD98095), but not with an Akt inhibitor (LY294002)
(Figure 3E). These results indicate that POSTN promotes
melanoma proliferation via the integrin/p44/42MAPK
pathway.

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

NHDF-derived POSTN gene transfection promotes
the proliferation of melanoma cells

To investigate the role of NHDF-derived POSTN in mela-
noma, we transfected the NHDF-derived POSTN gene into
MeWo cells (POSTN-low: lower POSTN expressing
MeWo cells, POST-high: higher POSTN expressing MeWo
cells, Figure 4A) and performed the MTT proliferation
assay. The proliferation of POSTN-MeWo cells was
significantly upregulated compared with contro-MeWo
(CTL-MeWo) cells in a time-dependent manner and much
higher in POSTN-high cells (Figure 4B).

Significant suppression of human melanoma tumor
growth in POSTN gene-deficient mice

We established immunodeficient Rag2 knockout mice
(Rag2 KO mice) and POSTN and Rag?2 double knockout
mice (POSTN/Rag2 KO mice). We transplanted the
MeWo human melanoma cell line subcutaneously onto
the back of each of 17 mice and measured the tumor size
for 70 days. The resulting tumors were smaller in the
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Figure 3. Recombinant POSTN protein accelerates melanoma cell proliferation via the integrin/P44/42MAPK pathway. Integrins av, 3, and 5
were expressed in human melanoma cell lines (A). Recombinant POSTN increased the proliferation of human melanoma cells (MeWo, G-361,
VMRC-MELG) (B). Neutralization of integrins «vf3 and avfi5 inhibited MeWo proliferation after the treatment with recombinant POSTN (C). The
phosphorylation of Akt and P44/42MAPK in MeWo cells after the indicated treatment (D). Significant inhibition of MeWo cell proliferation after the
treatment with recombinant POSTN by MAPK or Akt inhibitor (E). *, **, and *** indicate P-value <0.05, <0.01, <0.001, respectively.

double KO mice on day 56 after transplantation compared
with the single KO mice (Figure 5A). The number of Ki-67-
positive cells was significantly lower in the double KO
mice compared with Rag2 KO mice which indicated
decrease in cell proliferation (Figure 5B, C). The levels
of the aSMA protein, known as a marker of myofibro-
blasts and collagen tissue, which is colored red with
E-V (Elastica van Gieson) staining, were decreased
(Figure 5B). The growth of implanted melanoma tumors
was also significantly suppressed in the double KO mice
(Figure 5D).

Discussion

In this study, we reported the expression and function of
POSTN in the ontogeny and progression of human
malignant melanoma. We first noted the upregulation of
POSTN protein expression in melanoma tissues com-
pared with adjacent normal skin using an iTRAQ analysis,
thereafter confirmed that higher expression in invasive
melanoma. These results suggested that the upregulation
of POSTN expression might be associated with the tumor
malignancy. In the confocal microscopic analysis, POSTN
was predominantly found to be distinctively localized in

the stroma of invasive melanoma tissue, but not in
cultured melanoma cells, thus suggesting the possibility
that POSTN is derived from NHDFs to affect the
melanoma microenvironment. The coculture of human
melanoma cells with NHDFs robustly induced POSTN
expression. These results indicate that POSTN expres-
sion is produced by NHDFs, but not by melanoma cells.

Recent studies bhave revealed that interactions
between tumor cells and the surrounding stroma play
an important role in facilitating tumor growth and inva-
sion. In the present study, the induction of TGF-f in NHDF
was found by melanoma cel-NHDF cell contact, and the
behavior of dermal fibroblasts was altered to promote
tumor growth and invasion by the interaction with
surrounding melanoma cells. As reported previously,
integrin was found to activate autocrine TGF-§ signaling
(Asano Y et al., 20085). In the present study, integrin was
found highly expressed in melanoma cells (Figure 3). It
suggested the similar mechanism of activated autocrine
TGF-g signaling by integrin might be involved in the
interaction of melanoma cell-NHDF.

Recent studies have revealed the importance of the
fibrotic microenvironments surrounding cancer cells and
the interactions between the host tissue and cancer cells

634 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Figure 4. There is a significant increase in the proliferation of POSTN-
transfected MeWo cells. POSTN gene transfection into MeWo cells
(A). POSTN gene transfection upregulates the proliferation of MeWo
cells (B). * and *** indicate P-value <0.05, <0.001, respectively.

for tumor growth and progression, because tumors are
dependent on the normal host tissue-derived stromal
cells and vasculature for growth and sustenance (Hana-
han and Weinberg, 2000; Nyberg et al., 2008; Polyak and
Kalluri, 2010; Quaranta, 2002; Yang et al., 2003; Zeisberg
et al., 2002). Although there has been no previous report
of a role of POSTN as stromal microenvironment in
malignant melanoma, our data suggest that such a role
exists.

We previously reported that POSTN accelerates dermal
fibroblast proliferation, migration (Ontsuka et al.,, 2012),
and myofibroblast differentiation, collagen 1 production
(Yang et al., 2012), resulting in dermal fibrosis, and Elliott
et al. also revealed the modulation of myofibroblast
differentiation by POSTN (Elliott et al., 2012). These data
support that NHDF-derived POSTN overexpression in the
stroma of melanoma could affect the stromal microenvi-
ronment by activating dermal fibroblasts followed by
tumor progression. In another report, impaired fibrous
capsule formation of the implanted tumor was found in
periostin-null mice, resulting in accelerating the tumor

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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expansion (Guarino, 2010). Although our present data
seem to be opposite of the previous report, MeWo cell
established from human melanoma did not histologically
form the surrounding fibrous capsule and the tumor
immunity was canceled on the basis of Rag2 KO immune-
deficient mice. Periostin expressed on intertumor space
may be affected to accelerate adjacent melanoma cells in
the present study setting.

We also revealed the proliferative effect of POSTN in
human melanoma using recombinant and NHDF-derived
POSTN. In details, we investigated the phosphorylation of
FAK, STAT3, Akt, and p44/42MAPK, which are known to
be the downstream pathways of integrin signals (Guarino,
2010). We did not observe any increase in the phosphor-
ylation of FAK or STAT3 (data not shown), but upregulat-
ed phosphorylation of Akt and p44/42MAPK was
observed after the treatment with recombinant POSTN.
We also revealed that the proliferative effect of POSTN in
melanoma is mediated by the integrins avf3 and avf5/
p44/42MAPK  signaling pathway, but not by the Akt
pathway which is previously reported pathway (Bao
et al., 2004; Ouyang et al., 2009; Yang et al., 2012).

To investigate the agonistic effect of POSTN on
melanoma tissue growth in vivo, we transplanted MeWo
cells into Rag2 KO mice and POSTN/Rag2 KO mice. The
number of cells that were positive for Ki-67 was signif-
icantly decreased in the tumors of POSTN KO mice. In
addition, the number of «SMA positive cells and the
collagen expression which are known to be induced by
POSTN in our previous study (Yang et al., 2012) were
also decreased in POSTN KO melanomas, thus suggest-
ing that there was suppression of the stromal microen-
vironment in these melanomas.

[t has been reported that the POSTN expression in
several cancers plays importantroles in cancer progression
as aresult of increased proliferation, migration (Gillan et al.,
2002), EMT (Soltermann et al., 2008a,b), and angiogenesis
(Shao et al., 2004). In this study, our findings showed the
source of POSTN to be restricted to NHDFs in human
melanoma tissues, and that these stromal NHDFs
between tumor cells may activate melanoma cell progres-
sion and invasion through an enhanced deposition of
POSTN in the melanoma microenvironment.

Recent advances in the therapeutic approach for
advanced melanoma have led to many clinical trials for
patients with melanoma. For example, a BRAF inhibitor
was reported to dramatically improve the prognosis of
patients with melanoma. However, it was only effective
in patients with the VB0OE gene mutation in the tyrosine
kinase site (Atefi etal, 2011, Flaherty et al., 2010).
Treatment with an anti-CTLA4 antibody can augment the
anti-tumor immune response against melanoma tissue by
blocking the immune-attenuating molecule, CTLA4, in
T cells. However, the administration of the CTLA4
antagonist can induce severe autcimmune reactions,
such as colitis and skin rashes (Weber, 2008). Therefore,
it is essential to look for other therapeutic modalities with
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novel mechanism(s) of action, which are not associated
with such life-threatening adverse events. We believe
that POSTN is important for the growth of melanoma,
because the implanted melanoma cell grew more slowly
in POSTN-depleted mice compared with matched control
mice. A therapeutic approach targeting POSTN and its
related signaling may lead to a safer treatment for
malignant melanoma, and one that is less likely to be
thwarted by resistance of the cancer cells.

In this experimental setting, there was no significant
improvement in the overall survival in the POSTN-
depleted mice even though the tumor growth was
attenuated in KO mice compared with control mice on
an immune-deficient background. There is no doubt that
the survival is strongly dependent on the metastasis of
the inoculated tumor cells, but we did not observe any
metastasis in either the KO or wild-type mice, which likely
contributed to the lack of a difference in the overall
survival between the groups.

In conclusion, in human melanoma tissue, NHDFs
interacted with melanoma cells to induce POSTN, which
directly promoted melanoma cell proliferation by activat-
ing integrin/p44/42MAPK signals and indirectly instituted
a fibrotic microenvironment in the tumor, thus resulting in

There was significant suppression of
melanoma tumorigenesis in POSTN gene
knockout mice (D). *, **, and *** indicate
P-value <0.05, <0.01, <0.001, respectively.

a progression of the melanoma. As a result, the suppres-
sion of POSTN represents a novel therapeutic target for
cutaneous malignant melanoma.

Methods

Cells and tissue samples

Human melanoma cell lines (MeWo, G-361, and VMRC-MELG) were
obtained from the Japanese Collection of Research Bioresources
(JCRB, Osaka, Japan), and NHDFs were obtained from TaKaRa Bio
(Shiga, Japan). 293, 231, and AB49 were represented by HEK293,
MDA-MB-231, and A549 cancer cell lines loaded as positive controls,
respectively (JCRB). All melanoma and normal tissue samples were
obtained from patients at Osaka University Hospital (Department of
Dermatology, Osaka, Japan). All clinical samples were collected after
approval was obtained from the local ethics committee, and informed
consent was obtained from each patient for use of the samples. Details
of cell culture are described in Data S1.

Mice

Twelve-week-old Rag2-deficient (Rag2~'~, C57BL/6 background) and
periostin-deficient (Postn™~, C57BL/6 background) mice were
used for the studies (Shimazaki et al,, 2010). Experiments were
undertaken following the guidelines for the care and use of
experimental animals as required by the Japanese Association for
Laboratory Animals Science (1987).
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Sample preparation and iTRAQ labeling
Proteins were extracted from the frozen tumor and normal skin tissue
samples. Details are described in Data S1.

Extracted proteins were purified using a 2D clean-up kit (GE
Healthcare, Buckinghamshire, UK). Subsequently, 100 ug of each
protein was dissolved, reduced, alkylated, and digested with trypsin,
according to the manufacturer's protocol (Applied Biosystems,
Foster City, CA, USA). The samples were labeled with iTRAQ
reagent: reagent 114 for melanoma in situ, reagent 115 for normal
skin lesions of melanoma in situ, reagent 116 for invasive melanoma,
and reagent 117 for normal skin lesions of invasive melanoma. The
labeled peptide samples were mixed and fractionated as described
previously (Serada et al., 2010).

Mass spectrometric analysis and iTRAQ data analysis
NanolLC-MS/MS analyses and iTRAQ data analysis were performed
as described in Data S1.

Western blot analysis

Cell lysates and supernatant fluids were used for the Western blot
analyses. Details were described in Data S1.

Immunohistochemistry

Patient with paraffin-embedded melanoma tissue sections and in
vivo mice melanoma tissue sections were stained with hematoxylin
and eosin (H&E). For the immunohistochemical analysis, primary
antibodies were used at the following dilutions: the human and
mouse anti-POSTN (1:3000; Abcam, Tokyo, Japan), mouse anti-Ki-67
(1:500; Novocastra Laboratories Ltd, Newcastle, UK}, and mouse
anti-z-smooth muscle actin {«-SMA; 1:3000 dilution; Sigma-Aldrich,
St. Louis, MO, USA). Details are described in Data S1.

Reverse transcription polymerase chain reaction
(RT-PCR) analysis
To confirm the altered expression of POSTN in melanoma cells and
NHDFs, melanoma cells (MeWo, G-361, and VMRC-MELG), NHDFs,
and the cocultured cell samples were subjected to RT-PCR. B-actin
was used as a housekeeping gene to evaluate and compare the
quality of different cDNA samples. The primer sequences and the
expected sizes of PCR products were as follows:

periostin, forward, 5-TTGAGACGCTGGAAGGAAAT-3'

reverse, 5-AGATCCGTGAAGGTGGTTTG-3' (199 bp);

B-actin, forward, 5-AGCCTCGCCTTTGCCGA-3'

reverse, 5-CTGGTGCCTGGGGCG-3'(174 bp);

Details of total RNA extraction, quantitect reverse transcription,
and RT-PCR are described in Data S1.

Quantitative reverse transcription polymerase chain
reaction (qT-PCR) analysis

Normal human dermal fibroblasts were cocultured with CFSE-labeled
MeWo and G-361 cells for 24 h. Thereafter, we sorted these cells
into NHDF, MeWo, and G-361 cells using a FACS system. Next, the
total RNA was isolated from the sorted NHDF, MeWo, and G-361
cells, and the products were reverse-transcribed into cDNA. The
expression of TGFA1, TGFA3, IL-4, IL-13, BMP2, and PDGF-bb was
measured using the Power SYBR Green PCR Master Mix (Applied
Biosystems, Tokyo, Japan) according to the manufacturer’s protocol.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used to
normalize the mRNA, as GAPDH was not affected by the treatment.
The primer sequences used were as follows:

TGFp1, forward, 5-TCGCCAGAGTGGTTATCTTTTG-3'

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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reverse, 5-AGGAGCAGTGGGCGCTAAG-3;

TGFR3, forward, 5'-GCCCTTGCCCATACCTCCGC-3
reverse, 5-CGCAGCAAGGCGAGGCAGAT-3;

GAPDH, forward, 5'-GGAGTCAACGGATTTGGTCGTA-3
reverse, 5'-GCAACAATATCCACTTTACCAGAGTTAA-3;
IL-4, forward, 5-ACATTGTCACTGCAAATCGACACC-3’
reverse, 5-TGTCTGTTACGGTCAACTCGGTGC-3';
IL-13, forward, 5-GCAATGGCAGCATGGTATGG-3'
reverse, 5'-AAGGAATTTTACCCCTCCCTAACC-3;
BMP2, forward, 5-ACTCGAAATTCCCCGTGACC-3'
reverse, 5'-CCACTTCCACCACGAATCCA-3;

PDGF-bb, forward, 5-CAGCGCCCATTTTTCATTCC-3’
reverse, 5'-GTTTTCTCTTTGCAGCGAGGC-3'.

Construction of a NHDF-derived POSTN expression
vector

To construct a NHDF-derived POSTN expression vector, the cDNA of
human POSTN derived from NHDFs cocultured with melanoma cells
was amplified. The amplified cDNA was then inserted into the
pcDNA3.1/V5-His-TOPO vector (Invitrogen, Carlsbad, CA, USA) and
designated pcDNA3.1-POSTN.

Generation of NHDF-derived POSTN stable
transfectant melanoma cells

To generate NHDF-derived POSTN stable transfectant cells (POSTN-
MeWo), the MeWo cell line was transfected with pcDNA3.1-POSTN
using Lipofectamine 2000 (Invitrogen) according to the manufac-
turer's instructions, after which the cells were selected with 500 pg/
ml of Geneticin (GIBCO; Invitrogen). Stable clones were maintained
in 250 ug/ml of Geneticin.

Proliferation assay

The proliferation of MeWo, G-361, VMRC-MELG, and POSTN-
MeWo melanoma cells was examined using the Cell Counting
Reagent SF (Nacalai Tesque, Kyoto, Japan) according to the manu-
facturer's recommendations, and then, absorbance was measured
with a microplate reader {(model 680; Bio-Rad, Tokyo, Japan) at test
and reference wavelengths of 450 and 630 nm, respectively.

Kinase inhibition assays

The cells were incubated for 2 h with kinase inhibitors (Cell Signaling
Technology, Beverly, MA, USA): LY294002 (10 uM) as an Akt inhibitor
and PD98095 (10 uM) as a MAPK inhibitor. Cells were then
stimulated with 100 ng/ml of recombinant POSTN in the same
media. After stimulation, the MTT proliferation assay was performed.

Statistical analyses

The results are presented as the means + SD. The analyses were
carried out using the two-sided, unpaired Student’s t test or the two-
sided Welch test. Multiple comparisons between groups were made
by Fisher's or Dunnett's methods. We considered values to be
significant when P < 0.05.
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Abstract

Purpose  AUY922 is a potent non-geldanamycin inhibi-
tor of heat-shock protein 90. This study was carried out in
Japanese patients to determine the maximum tolerated dose
(MTD), and to characterize safety, tolerability and pharma-
cokinetics of single-agent AUY922.

Methods Japanese patients with advanced solid tumors
whose disease had progressed on at least one line of stand-
ard therapy, or for whom no standard therapy existed, were
treated with AUY922 (intravenous, once-weekly, 28-day
cycle, starting dose 8 mg/m?).

Results  Thirty-one patients were treated. Two DLTs were
reported in one patient of the 54 mg/m? cohort; fatigue
and decreased appetite (both Grade 3, resolving to Grade
1 within 8 days). No MTD was determined, and the dose
recommended for Phase II studies was determined to be
70 mg/m? once-weekly. Most common drug-related tox-
icities were diarrhea, night blindness and nausea. Grade 1
and 2 visual toxicities at high AUY922 doses >22 mg/m2
were observed. Ten patients (32 %) achieved a best overall
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response of stable disease, and one patient (3 %) achieved a
confirmed partial response.

Conclusion Overall, AUY922 exhibited acceptable tox-
icities and demonstrated potential clinical activity in Japa-
nese patients, with similar safety and pharmacokinetic pro-
files to those reported in a preceding global Phase I study in
Western patients (CAUY922A2101).

Keywords AUY922 - Clinical trial - HSP90 - Japanese -
Phase I

Introduction

Heat-shock proteins (HSPs) are molecular chaperones that
assist in the structural formation, folding and activation
of a wide variety of oncogenic client proteins involved in
diverse cellular processes such as apoptosis, proliferation,
signal transduction and transcription control [{—4]. These
client proteins include human epidermal growth factor
receptor 2 (HER2), estrogen receptor, epidermal growth
factor receptor, platelet-derived growth factor receptor, vas-
cular endothelial growth factor, AKT, ¢-KIT and ¢c-MET
[1, 2]. HSP9O is the most abundant molecular chaperone
and is essential for cell survival, proliferation and apopto-
sis. These processes are significantly affected by HSP90
inhibition, and therefore, HSP90 inhibitors are considered
to have a strong therapeutic potential in a wide variety of
tumor types [5]. Indeed, HSP90 inhibitors degrade a vari-
ety of oncogenic client proteins [6-8]. In addition, HSP90
inhibitors show synergy with various chemotherapeutic
agents in murine tumor models and sensitize tumor cells to
their cytotoxic effects [6-8].

AUY922 (5-[2,4-dihydroxy-5-isopropyl-phenyl]-N-ethyl-
4-[4-(morpholinomethyl) phenylJisoxazole-3-carboxamide)
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is a highly potent, isoxazole-based, non-geldanamycin
HSP90 inhibitor that inhibits the ATPase activity of HSP90,
and leads to misfolding of client proteins [9, 10]. AUY922
has significant antitumor activity in a wide range of cancer
cell lines and inhibits tumor growth in murine xenograft
models [9—13]. In a preceding global Phase I study in West-
ern patients (CAUY922A2101), the recommended Phase
II dose (RP2D) of AUY922 was determined to be 70 mg/
m? intravenous (IV) once-weekly [14]. Phase II studies
have been initiated in patients with HER2-positive breast
cancer, gastric cancer and non-small cell lung cancer to
further investigate the safety profile and clinical efficacy of
AUY922 as a single agent and in combination with other
agents. In these global Phase II studies, AUY922 was well
tolerated with promising clinical activity as single-agent
therapy, as well as in combination with other agents, in
some sub-populations with actively progressing disease
[15, 16].

In the present open-label, Phase I dose-escalation
study, the safety, pharmacokinetics (PK) and clinical effi-
cacy of AUY922 were evaluated in Japanese patients with
advanced solid tumors. The primary objective was to deter-
mine the maximum tolerated dose (MTD) of AUY922 as
a single agent when administered intravenously on a once-
weekly schedule. Secondary objectives were to character-
ize the safety and tolerability of AUY922 treatment, evalu-
ate the preliminary antitumor activity of AUY922 as a
single agent and observe the PK profile of AUY922 and its
metabolite.

Materials and methods
Patient population

Adult patients (aged >20 years) with histologically con-
firmed, advanced solid tumors whose disease had pro-
gressed on at least one line of standard systemic therapy, or
for whom no standard therapy existed, were eligible. Inclu-
sion criteria included Eastern Cooperative Oncology Group
performance status <2 and life expectancy >12 weeks.
Laboratory parameters required were absolute neutro-
phil count >1.5 x 10°, hemoglobin >8.5 g/dl, platelets
>100 x 107/, potassium, calcium, magnesium, phospho-
rus within normal limits or correctable with supplements,
aspartate aminotransferase and alanine aminotransferase
<2.5 x upper limit of normal (ULN), serum bilirubin
<1.5 x ULN, serum albumin >2.5 g/dl, and serum creati-
nine <1.5 x ULN or 24-hour clearance >50 ml/min.
Exclusion criteria included central nervous system
metastases, acute or chronic liver or renal disease and pre-
vious treatment with histone deacetylase or HSP90 inhibi-
tors. Patients were excluded who had clinically significant

@ Springer

heart disease, QTc >450 ms on screening electrocardio-
gram (ECG), ischemic heart disease, heart failure, ECG
abnormalities, atrial fibrillation, atrial flutter or ventricular
arrhythmias including ventricular tachycardia or Torsades
de Pointes, or a history (or family history) of long QT syn-
drome. Patients receiving any medication that had a risk
of prolonging the QTcF interval or inducing Torsades de
Pointes, and those with disorders known to be caused by a
deficiency in bilirubin glucuronidation (e.g., Gilbert’s syn-
drome), were also excluded.

This trial was conducted in accordance with the Declara-
tion of Helsinki and the Good Clinical Practice guidelines
(Japanese Ministry of Health, Labour and Welfare). All
studies were performed after approval by local ethical com-
mittee/institutional review board. Written informed consent
was obtained from all patients before screening.

Dosing and administration

AUY922 was administered by IV infusion over 1 h, once
every week (Days 1, 8, 15 and 22) until disease progres-
sion, unacceptable toxicity, or withdrawal by investigator
decision or patient refusal. The starting dose was 8 mg/
m?, and treatment cycles were 28 days. Intra-patient dose
escalation was not permitted. An adaptive Bayesian logistic
regression model (BLRM), guided by the escalation with
overdose control (EWOC) principle, was used to guide
dose escalations [17]. The EWOC principle mandates the
potential doses recommended for the next cohort and the
estimated MTD have less than 25 % posterior probability
of DLT in the excessive toxicity interval (33, 100 %). The
information about dose-limiting toxicity (DLT) available
from the CAUY922A2101 study at the time of the start
of this study supported a starting dose of 8 mg/m? 50 %
of the highest dose (16 mg/m?) associated with no DLTs].
Toxicities at both the 8 and 16 mg/m? dose levels in that
study had been mild, and the preliminary PK results had
shown no accumulation of the drug up to a dose of 16 mg/
m?. The occurrence of DLTs was evaluated during Cycle
1. A minimum of three patients were enrolled in a cohort,
and the estimated MTD was continuously updated using
the BLRM, and a minimum of six patients were planned
to be enrolled at the MTD level. The final recommended
dose was based on overall safety assessments and MTD
estimated by the BLRM, which was the dose of AUY922
with the highest posterior probability of DLT in the target
interval (16, 33 %) among the doses fulfilling the EWOC
principle [18]. A minimum of 15 patients were required
for the BLRM model to determine the MTD. AUY922 was
supplied as 10-ml ampoules of a 5-mg/ml solution, which
was diluted into 5 % dextrose or glucose to a maximum
infusion volume of 500 ml, under aseptic conditions and
protected from light to prevent the photolabile drug from
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Table 1 Patient demographics, and baseline disease characteristics

Characteristic AUY922 dose (mg/m?)

8(n=273) l6(n=3) 22m=3) 2n=5 40(n=73) 54 (n=106) T0n=28) Total, n (%) (N=31)

Mean age, years 51.3 61.7 52.7 53.6 62.0 62.3 59.4 58.1
Gender, n

Male 2 1 3 2 1 2 4 15 (48)
ECOG PS, n

0 2 3 2 3 3 4 4 21 (68)

1 1 0 | 2 0 2 10 (32)
Stage (current), n

Y 3 3 3 3 3 6 8 29 (94)

IVa 0 0 0 1 0 0 0 1(3)

IVb 0 0 0 1 0 0 0 1(3)
Tumor type, n

Rectum 0 10 2 0 0 2 5 10 (32)

Colon I 1 1 0 1 2 1 7(23)

Breast 0 0 0 2 1 1 1 5(16)

Head and neck 1 0 0 0 1 0 0 2(7)

Pancreas 0 0 0 1 0 0 1 27

Stomach 1 1 0 0 0 0 0 2(7)

Eesophagus 0 0 0 1 0 0 0 1(3)

Gall bladder ducts 0 0 0 1 0 0 0 1(3)

Other 0 0 0 0 0 1 0 1(3)

ECOG PS Eastern Cooperative Oncology Group performance status

decomposition. Doses were individually adjusted according
to body surface area measured at baseline.

Safety assessments

Toxicity was graded according to the National Cancer Insti-
tute Common Toxicity Criteria version 3.0. DLTs were
defined as clinically relevant adverse events (AEs; mainly
Grade 3 or 4) or abnormal laboratory values, occurring
within 28 days following the first dose of AUY922 in Cycle
1. Tumor response was assessed by computed tomogra-
phy or magnetic resonance imaging, and using Response
Evaluation Criteria in Solid Tumors version 1.0 for efficacy
evaluations.

Based on reports of Grade 1-3 visual symptoms after
weekly administration of AUY922 at dose levels of
>40 mg/m? in the CAUY922A2101 study, standard oph-
thalmological assessments were implemented at baseline,
at the time of reported visual symptom(s) (if any) and at the
end of treatment.

Pharmacokinetic analysis

Validated liquid chromatography-tandem mass spectrom-
etry assay was used for PK assessments of AUY922 and its

glucuronide metabolite BJP762. PK assessments were car-
ried out on blood samples obtained pre-infusion and at 5,
15, and 30 min and | h during infusion, followed by 5 and
30 min and 1, 2, 4, 5, 8, 24, 48 and 72-h post-infusion on
Cycle 1 Day 1 and Cycle 2 Day 1. A non-compartmental
analytical method was used to calculate PK parameters of
maximum observed concentration (C,,,), time at which
Crax Occurred (7,0, terminal half-life (T,;), and area
under the curve (AUC), for AUY922 and BJP762 in blood,
utilizing WinNonlin Pro version 5.2.

Results
Patient characteristics and treatment

A total of 31 patients were treated in seven dose cohorts (8,
16, 22, 28, 40, 54 and 70 mg/mz) between November 2008
and July 2011 (Table 1). Median duration of drug exposure
was 7.3 weeks (range 0.1-58.1 weeks) and 55 % of patients
underwent 1 or 2 treatment cycles [7 patients (23 %) and
10 patients (32 %), respectively]. The median relative dose
intensity was 1.0 (range 0.7-1.0). At the time of data cut-
off (5 July 2011), two patients were still receiving treat-
ment on the study. The remaining 29 patients discontinued
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Table 2 Most common adverse events (>10 % and Grade 3/4) potentially related to AUY922 treatment

Adverse event, n* Grade AUY922 dose (mg/mz)
8(m=3). 16(n=3) 22(n=3) 28(n=5) 40n=3) 54(n=6) 70(n=2_8) Total,n(%)(N=231)
Diarrhea All 0 0 2 4 2 5 7 20 (65)
3/4 0 0 0 0 0 1 0 1(3)
Night blindness All 0 0 2 2 1 5 3 13 (42)
3/4 0 0 0 0 0 0 0 0
Nausea All 0 0 0 0 2 2 3 7 (23)
3/4 0 0 0 0 0 0 0 0
Decreased appetite  All 0 1 1 0 0 1 3 6 (19)
3/4 0 0 0 0 0 1 0 1(3)
Fatigue All 0 0 0 2 0 3 1 6(19)
3/4 0 0 0 0 0 1 0 13
Rash All 0 2 0 1 0 2 1 6(19)
3/4 0 0 0 0 0 0 0 0
Vomiting All 0 0 0 0 1 1 3 5(16)
3/4 0 0 0 0 0 0 0 0
Headache All 0 0 0 0 0 0 3 3(10)
3/4 0 0 0 0 0 0 0 0
Lymphopenia All 0 0 0 2 0 1 0 3010
3/4 0 0 0 0 0 0 0 0
Photopsia All 0 0 1 1 0 0 1 3(10)
3/4 0 0 0 0 0 0 0 0
Pruritis All 0 1 0 0 0 1 1 3(10)
3/4 0 0 0 0 0 0 0 0

Patients who experienced more than one occurrence of the same event are only counted once within each category

? By preferred term

the study treatment, mainly due to disease progression (27
patients), and two patients discontinued as a result of AEs
related to study drug (one patient each in the 54 and 70-mg/
m? cohorts).

Safety and tolerability

The most common AEs, regardless of relationship to study
drug, were diarrhea (65 %), night blindness (42 %), nausea
and fatigue (both 29 %). Mild-to-moderate diarrhea (65 %),
night blindness (42 %) and nausea (23 %) were the most
commonly reported AEs possibly related to AUY922 treat-
ment across all doses (Table 2). Visual toxicities, includ-
ing night blindness, photopsia, cataract, eye disorder, optic
neuritis and blurred vision were observed at dose levels of
22-70 mg/m?; all were Grade 1 or 2. No patients discontin-
ued AUY922 treatment due to the visual toxicities, which
were reversible upon discontinuation of treatment. None
of the visual AEs were reported as DLTs. Fifteen patients
(48 %) experienced AEs requiring dose modification or
interruption. Of these, night blindness (six patients) and eye
disorder (two patients) were reported. Eight patients (26 %)
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experienced serious AEs (SAEs) and SAEs considered to be
related to the study drug were reported in two patients. One
patient died during the study as a result of disease progres-
sion, which was considered to be unrelated to study drug.
The dose-determining set (DDS) consisted of (1) all
patients who received at least three doses of AUY922 within
the first cycle, were observed for >28 days following the
first dose, and completed all safety evaluations in Cycle 1,
or (2) any patient who had a DLT within Cycle 1. The DDS
was used for the BLRM analyses in the determination of
MTD. Among these patients (n = 28), one patient (3.6 %)
in the 54-mg/m? cohort experienced DLTs; two AEs (Grade
3 fatigue and Grade 3 decreased appetite) were considered
to be DLTs and both resolved to Grade 1 within 8 days. Two
patients who received the 70 mg/m? dose required repeated
dose interruption due to visual adverse events, and both
patients ultimately received a dose reduction to 54 mg/m?2.
Although the BLRM would have permitted dose escalation
beyond 70 mg/m?, a decision to stop further dose escala-
tion was taken based on an assessment by investigators of
the potential risk of visual toxicities. Visual toxicities at
the higher doses (22 mg/m? and above) among those tested
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Table 3 Summary of PK

AUY922 PK parameter
parameters {mean == SD. unless

AUYO922 dose (mgimz}

otherwise stated) at Cycle |

28 (n=175)

40 (n = 3) 34 (n = 6) 70 (n = 8)

Day 1 for blood AUY922 [28~

70 mg/m? (four highest doses)) T Imedian, h (range)] 050 (0.48-1.07)  1.05(0.50-1.05)  0.76 (0.48-1.17) 1.02 (0.23-1.17)
Cae (ng/ml) 457 £ 101 710 542 1,050 = 118 1,100 £ 118
AUC; yyy (heng/ml) 6.810 = 1,090 6,960 + 1,270 8,880 =+ 1.710 8.540 &£ 895
AUC iy (hong/ml) 9,550 = 2,460 11,400 == 3470° 12,300 + 2720° 12,600 &£ 1,720

o ’ CL (I/h) 4,79 £ 1.68 5.74 4 1.16% 7.24 £ 197" 8.60 &£ 1.30

PK pharmacokinetics, 5D A0 646 4 111 980 & 132° 1190 & 151° 1,570 4 293

standard deviation , ) B
Ty () 98.7 £ 23.0 123.0 4 40.8* 120.0 + 28.5* 127.0 £ 18.8

* Data missing for one patient
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Dose (mg/m?)

were observed, most commonly night blindness and pho-
topsia, although these were only Grade 1 or 2. As a result,
the MTD was not determined, and the RP2D was, therefore,
declared as 70 mg/m? once-weekly IV over 1 h.

Pharmacokinetics

AUY922 reached peak concentrations in blood around the
end of the infusion. Following the initial rapid decline in
concentration levels after the IV administration was com-
pleted, blood AUY922 concentration declined slowly, with

Dose (mg/m?)

amean T, of 127 h at 70 mg/m? (Table 3; Fig. 1). The T,
was prolonged with increasing dose (64 h at 8 mg/m? to
127 h at 70 mg/m?). C,p,, for both AUY922 and the metabo-
lite BIP762 generally increased in a dose-proportional man-
ner over the entire dose range. AUC,, of AUY922 increased
with dose (from 8 to 28 mg/m?), but was saturated at higher
dose levels (Fig. 2; Tables 3, 4). Due to limited sampling
time points, the plasma concentration—time profile could
not be fully characterized; C,,, and AUC for AUY922 in
plasma had a tendency to increase in a dose-proportional
manner even at the higher dose levels (40-70 mg/m?).
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Table 4 Summary of PK parameters (mean = SD, unless otherwise stated) at Cycle 1 Day 1 for blood BJP762 [28-70 mg/m? (four highest

doses of AUY922)]

BIP762 PK parameter AUY922 dose (mg/m?)

28 (n=15)

40 (n = 3)

54 (n = 6) 70 (n = 8)

T nax Imedian, h (range)] 1.07 (1.05-1.17)

1.05 (1.05-1.07)

1.08 (1.02-1.22) 1.13 (1.00-1.23)

Cnax (ng/ml) 611 %201 964 + 775 1,060 = 569 1,330 = 904
AUC g1 (h-ng/ml) 3,700 + 2,170 5,690 = 5,250 6,320 = 4,650 5,530 = 3,320
AUC iy, (h-ng/ml) 3,940 + 2,320 5,830 % 5,300 6,770 = 5200° 5,020 + 3340
T, (h) 50.1 £28.8 3314121 49.1 4 24.0° 46.5 +27.9°

PK pharmacokinetics, SD standard deviation
* Data missing for one patient

b Data missing for two patients

Table 5 Best overall response (Response Evaluation Criteria in Solid Tumors)

Response, n AUY922 dose (mg/rnz)

8(n=3) 16(n=3) 2(n=23) 28(n=5) 40(n=3)

54(n=106) 70 (n=28) Total, n (%) (N =31)

Complete response

Partial response

Stable disease

Progressive disease

Unknown

Overall response rate (CR + PR)

-0 O N = O O
-0 O N = O O
S O O W O O O

Disease control rate
(CR + PR + SD)

0
1(3)
10 (32)
19 (61)
13)
1(3)
11 (36)

-0 O = O C
_ 0 O NN = O O
B = = W = = O
W O O W W\ © O

Blood PK profiles for AUY922 on Day 1 of Cycle 2 were
similar to those on Day 1 of Cycle 1. The geometric mean
of accumulation ratios for C,, (Day 1 of Cycle 1 to Day 1
of Cycle 2) ranged from 1.01 to 1.28. The ratios for AUC,,,
(Day 1 of Cycle 1 to Day 1 of Cycle 2) ranged between
0.992 and 1.60. Hence, there was no significant drug accu-
mulation with once-weekly IV doses of AUY922.

Efficacy

One patient (rectal carcinoid tumor with lung metastatic
lesions) achieved a confirmed partial response (PR) for a
duration of >7 months (Table 5; Fig. 3). Ten patients (32 %)
achieved a best overall response of stable disease (SD)
lasting >8 weeks, including five out of the eight patients
(63 %) in the 70-mg/m? cohort; no patients achieved a com-
plete response. The disease control rate (DCR; PR + SD)
across all dose levels was 36 % (Table 5).

Discussion

There are a number of HSP90 inhibitors under clinical
development, both as single agents and in combination with
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other agents [19, 20]. Hepatotoxicity has been reported in
both the early and late stages of development of geldana-
mycin-based HSP90 inhibitors [21, 22]. In this study in
Japanese patients with advanced solid tumors, single-agent
AUY922 demonstrated an acceptable safety profile at dose
levels of 870 mg/m? with potential clinical activity (DCR
36 %). The MTD was not established, and although the
BLRM would have permitted further dose escalation, a
decision was made not to escalate the dose any further than
the well-tolerated dose of 70 mg/m? based on the potential
risk of visual toxicity, the symptoms of which were simi-
lar to those reported in the preceding global phase I study
(CAUY922A2101), and the RP2D was thus declared as
70 mg/m?once-weekly.

Hepatotoxicity was not reported as a frequent AE sus-
pected to be related to study drug, or as a DLT; the most
common AEs suspected to be related to this study drug
included Grade 1 or 2 diarrhea (65 %), night blindness
(42 %) and nausea (23 %). Only Grade 1 or 2 visual AEs
(most commonly night blindness and photopsia) were
reported at the 22-70 mg/m® dose levels. Similar safety
findings were observed in the preceding global Phase I
CAUY922A2101 study [14]. Visual disturbances have been
reported with other geldanamycin and non-geldanamycin
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Fig. 3 Computed tomography
scans of lung metastases in a
patient with a confirmed PR fol-
lowing treatment with AUY922
54 mg/m* (63 years old, male,
primary rectal carcinoid tumor)

Baseline (24 May 2010)

HSP90 inhibitors [23-25]. These visual AEs are regarded
as class adverse effects, which are possibly related to tis-
sue distribution of water-soluble agents facilitating a high
retina:plasma concentration ratio, as well as the retinal
elimination profile [26]. The safety profile of AUY922 was
similar to that reported in the preceding CAUY922A2101
study [14], and ongoing Phase II studies [15, 16]. C .
for AUY922 in blood increased generally in a dose-pro-
portional manner over the entire dose range. Blood PK
parameters of AUY922 in Japanese patients were also com-
parable to those observed in non-Japanese patients in the
CAUY922A2101 study [14]. AUC for AUY922 in blood
increased with dose at lower doses, but was saturated at
higher doses. This less than dose-proportional increase in
blood AUY922 is likely caused by a concentration-depend-
ent and saturable blood cell partition of AUY922. There
was no significant drug accumulation following once-
weekly intravenous infusion of AUY922.

In summary, AUY922 has shown an acceptable safety
profile and demonstrated promising clinical activity in Jap-
anese patients, with one patient achieving a confirmed pro-
longed PR, and several patients achieving long duration SD
at higher dose levels.
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