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The extracellular matrix N-glycoprotein periostin is
thought to enhance tumor invasion. In this study, the
expression patterns of periostin and its splice isoforms
were investigated in renal cell carcinoma (RCC). Perios-
tin mRNA expression patterns were characterized in 30
fresh-frozen RCCs in normal fetal and adult renal tissues
by both isoform-specific and nonspecific RT-PCR and by
gene expression array analysis. Its protein expression
was analyzed by immunohistochemistry, using tissue
microarrays with tissue from 1007 RCC patients. Perios-
tin mRNA in RCC was increased, as observed in both
RT-PCR and gene microarray analyses, with signifi-
cantly higher expression in the clear cell than in the
papillary subtype. Four of eight periostin isoforms,
identified in fetal kidney by direct sequencing, have not
been described to date. Three isoforms could be de-
tected in both RCC and matched non-neoplastic tissue,
and one of them was expressed more frequently in RCC.
Periostin protein was detected in both mesenchymal cells
of the tumor stroma and epithelial tumor cells. Greater
amounts of periostin in tumor epithelia correlated with
the presence of sarcomatoid differentiation, higher tumor
stage, lymph node metastases, and poor overall survival in
the clear cell subtype. In conclusion, periostin expression
in tumor epithelia may contribute to sarcomatoid differ-
entiation and more aggressive behavior of RCC. The pres-
ence of a tumor-associated periostin isoform suggests
splice-specific regulation in RCC tissue. (Am J Pathol 2011,

179:1513–1521; DOI: 10.1016/j.ajpath.2011.05.035)

Renal cell carcinoma (RCC) is a heterogeneous epithelial
tumor with frequent evidence of metastasis at the time of

diagnosis. The major histologic subtypes are clear cell,
papillary, and chromophobe RCC. Sarcomatoid differen-
tiation is not its own entity and can be observed in all of
these subtypes, where its presence is associated with a
poor prognosis.1,2

Periostin, also termed osteoblast-specific factor 2, is a
secreted matrix N-glycoprotein of 93 kDa.3 The N-terminal
region contains four fasciclin-like domains as well as sev-
eral glycosylation sites. This protein originally was identified
in MC3T3-E1 osteoblast-like cells, where it promotes integ-
rin-dependent cell adhesion and motility. It shares homol-
ogy with the insect cell adhesion molecule fasciclin I, with
human � IgH3, and is induced by transforming growth fac-
tor-� and bone morphogenic protein-2.3–5

Periostin is thought to promote epithelial-mesenchymal
transition (EMT) of carcinoma cells by targeting the
cross-talk between epidermal growth factor receptor and
integrins at the plasma membrane with consecutive ac-
tivation of the Akt/protein kinase B pathway.6 Through its
binding to the integrins �v�3, �v�5, and �v�6 periostin
promotes cellular survival, angiogenesis, and resistance
to hypoxia-induced cell death.7–11 Consequently, this
protein is considered to be a prognostic marker. Further-
more, periostin was shown to be accessible by the blood
stream after ex vivo perfusion and biotinylation of human
kidney with tumor and therefore a potential target for
stroma-directed tumor therapy.12,13

To date, six different splice isoforms of periostin have
been reported, but only four of them (including the full-
length variant) have been sequenced and anno-
tated.13,14 Full-length and isoforms differ in their C-termi-
nal sequences, and the N-terminus is responsible for
integrin binding.3 All known isoforms are between 83 and
93 kDa in mass, and vary between 751 and 836 amino
acids. The four known splice variants are characterized
by an individual presence or absence of cassette exons
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17 to 21. They are called isoform 1 (full-length variant with
all exons), isoform 2 (absent exons: 17 and 18), isoform 3
(absent exons: 17 and 21), and isoform 4 (absent exons:
17, 18, and 21) with the following UniProtKB/Swiss-Prot
accession numbers: D13666, D13665, AY140646, and
AY918092, respectively.

Periostin is expressed mainly in collagen-rich and in
fetal tissues such as periosteum, periodontal ligament,
placenta, cardiac valves, and vasculature, and is up-
regulated by mechanical stress during tissue generation
and repair.3,15–21 Strong protein expression has been ob-
served in lung, breast, ovarian, pancreatic, gastric, thyroid,
colon, head and neck, prostate, liver, and other carcino-
mas, as well as in neuroblastoma, and was related to in-
creased malignant behavior of those tumors.7–9,11,21–31

Consequently, the aim of this study was to characterize
periostin expression patterns and to analyze periostin iso-
forms in RCC and in normal renal tissue.

Materials and Methods

Patients

First, we investigated a cohort of 30 surgically resected
and fresh-frozen RCC tissue samples for periostin mRNA
expression. Tumors were classified according to the
2004 World Health Organization classification of kidney
tumors32 and the 2010 TNM edition (http://www.uicc.org/
tnm). There were 23 clear-cell RCC (ccRCC) and 7 papil-
lary RCC. The age range was 43 to 85 years and the tumor
size range was 1.7 to 12.0 cm. Fourteen patients were stage
pT1, 7 patients were stage pT2, and 9 patients were stage
pT3/4. There were 4 Fuhrman grade 1, 15 Fuhrman grade 2,
and 11 Fuhrman grade 3 cases. Frozen matched non-neo-
plastic tissue was available for 26 of these 30 cases. Selec-
tion criteria for the frozen samples were sufficient tissue
quantity available and preserved morphology. All tumors
were entirely reviewed on H&E sections.

Second, analysis of periostin gene expression levels
was performed on an Affymetrix microarray (Affymetrix,
Santa Clara, CA) of 102 RCCs. There were 6 normal renal
tissues as control, 81 ccRCC, and 21 papillary RCC.
Thirty-seven cases were diagnosed as pT1, 29 cases
were diagnosed as pT2, and 36 cases were diagnosed
as pT3. Ten cases were diagnosed as Fuhrman grade 1,
42 cases were diagnosed as Fuhrman grade 2, 44 cases
were diagnosed as Fuhrman grade 3, and 6 cases were
diagnosed as Fuhrman grade 4. These 102 RCCs
spanned the years 1993 to 2007 at the University Hospital
Zurich, and were reviewed on H&E by H.M. according to
the World Health Organization classification. Total RNA
from this cohort was reverse transcribed, labeled, and
hybridized on HG-U133A high-throughput arrays (Af-
fymetrix). The gene chips were read in a 96-format using
an Affymetrix-HT scanner at the Broad Institute of the
Massachusetts Institute of Technology and Harvard Med-
ical School (Cambridge, MA). The Affymetrix raw data
were normalized through GeneChip Robust Multi-array

Average.33
Third, periostin protein expression was analyzed in a
cohort of 1007 primary RCCs using TMA technology, as
previously described.34 Tumors were collected at the
University Hospital Zurich, the Kantonsspital St. Gallen,
and the University Hospital Basel, all in Switzerland. All
cases were reviewed by one pathologist (H.M.). The
presence or absence of sarcomatoid differentiation was
defined in all renal tumor subtypes according to previous
publications.2,35 Information about sarcomatoid differen-
tiation, lymphocyte infiltration, and necrosis was available
only for the Zurich TMA. The median follow-up time was
39 months (range, 0 to 229 months). Survival time was
available for 469 ccRCC patients. The study was ap-
proved by the local commission of ethics (reference num-
ber: StV 38-2005).

RNA Extraction and cDNA Synthesis

Total RNA from the 30 patients of the first cohort was
isolated from 10 to 15 mg of fresh-frozen tissue using the
RNeasy mini kit (Qiagen, Hombrechtikon, Switzerland).
RT-PCR was performed using the high-capacity cDNA re-
verse-transcription kit (Applied Biosystems, Rotkreuz, Swit-
zerland) following the manufacturer’s protocol. RNA yield
and purity were analyzed by NanoDrop 1000 (Thermo Sci-
entific, Wohlen, Switzerland). RNA integrity was checked by
capillary electrophoresis using a 2100 Agilent bioanalyzer
(Agilent Technologies, Basel, Switzerland).

Quantitative RT-PCR Analysis

Quantitative RT-PCR was performed on an ABI 7900HT
Fast RealTime PCR apparatus (Applied Biosystems)
equipped with SDS 2.3 and RQ manager software (Ap-
plied Biosystems). cDNA, synthesized as described ear-
lier,36 was used together with the following two PCR sys-
tems for gene expression assays (Applied Biosystems):
Hs01566748 for the human periostin gene (GenBank ac-
cession no.: NM_006475) and Hs99999904 for human
peptidylprolyl isomerase A (GenBank accession no.:
NM_021130.3). The cycle threshold values for periostin
were normalized first against peptidylprolyl isomerase
A36 as endogenous control and second against normal-
ized matched normal kidney tissue.

Semiquantitative RT-PCR Analysis

For semiquantitative RT-PCR we used primer pairs de-
scribed by Castronovo et al13 that detect all isoform
transcripts according to the Gene Bank accession num-
ber NM_006475 for the human periostin gene. The se-
quences are as follows: Per-F2, 5=-GCTGATAGAT-
CTTATCCAGCAGACACACCTGTTG-3=; and Per-R2,’
5=-CGATTCAAGCTTAGTGATGGTGATGGTGATGCTGAG-
AACGACCTTCCCTTAATC-3=. Control glyceraldehyde-3-
phosphate dehydrogenase primers are as follows: glyceralde-
hyde-3-phosphate dehydrogenase-F, 5=-TGGAAGG-
ACTCATGACCACA-3=; and glyceraldehyde-3-phosphate
dehydrogenase-R, 5=-TGCTGTAGCCAAATTCGTTG-3=.

Periostin PCR was performed with 35 cycles consisting

of denaturation at 94°C for 30 seconds, annealing at
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55°C for 30 seconds, and extension at 72°C for 50 sec-
onds, followed by a final extension of 7 minutes. Glycer-
aldehyde-3-phosphate dehydrogenase PCR was per-
formed with annealing at 50°C. The PCR products were
separated by electrophoresis on 1.5% agarose gels.

Cloning and Sequencing of the Periostin
Isoform Cassette (Exons 14 to 23)

Periostin isoforms were amplified by isoform-specific RT-
PCR from cDNA libraries generated from fresh-frozen
RCCs and normal fetal and adult kidney tissue, using the
same primers as described earlier. The total RNA from
human fetal kidney was purchased from Stratagene (La
Jolla, CA). PCR products were cloned using the pGEM
easy vector system (Promega, Wallisellen, Switzerland).
Isolated clones were sequenced and analyzed.

Western Blot

The clear-cell RCC cell line 786�0, the human embryonic
kidney cell line HEK293, the lung adenocarcinoma cell
line A549, and the breast cancer cell line MCF7 were
purchased and grown under conditions recommended
by the American Type Culture Collection. The clear-cell
RCC cell line RCC4 and the lung adenocarcinoma cell
lines H23 and HCC827 were provided by Professor Wil-
helm Krek (Department of Biology, ETH Zurich, Zurich,
Switzerland) and by Dr. Roman Thomas (Max-Planck In-
stitute for Neurological Research, Cologne, Germany),
respectively.

Western blot of total cell lysates was performed as
previously described,37 in reducing conditions using
10% (v/v) �-mercaptoethanol. Primary antibodies used
were polyclonal anti-human periostin (dilution 1:5000;
Biovendor Laboratory Medicine, Inc., Modrice, Czech
Republique) and anti–�-actin (1:5000; Chemicon Interna-
tional, Temecula, CA). horseradish-peroxidase–conju-
gated anti-rabbit (1:2000; Millipore, Billerica, MA) and
horseradish-peroxidase–conjugated anti-mouse (ab672,
1:2000; Abcam, Cambridge, UK) served as secondary
antibodies. One hundred nanograms of purified recom-
binant periostin (R&D, Minneapolis, MN) served as pos-
itive control.

Immunohistochemistry

Both whole sections from the 30 RCC patients and TMA
sections, 3-�m thick, were cut from representative paraffin
and TMA blocks and mounted on superfrost slides (Menzel
Gläser, Braunschweig, Germany). Periostin immunohisto-
chemistry (IHC) was performed on the automated IHC plat-
form BondMax (Leica Microsystems, Heerbrugg, Switzer-
land). Pretreatment was performed by heat-induced
epitope retrieval, using the H2-Buffer (Leica Microsystems)
for 30 minutes. The primary antibody anti-human periostin
(Biovendor Laboratory Medicine, Inc.) was diluted 1:500.
Immunoreactivity was detected with a corresponding
secondary antibody included in the Refine-DAB (Leica

Microsystems) detection kit. Scoring of protein expres-
sion was performed as recently described.22,25,31 The
intensity in the tumor cells was scored as negative (0),
weak (1�), moderate (2�), or strong (3�) by P.S. and
G.K. After independent scoring, agreement was
achieved between both observers. Periostin expression
also was evaluated in the intratumoral stroma where it
refers to the cytoplasm of stromal cells as well as to the
stromal extracellular matrix. Elastica van Gieson and Al-
cian blue–periodic acid–Schiff stainings were manufac-
tured to score the degree of collagen and elastin fibrillo-
genesis (Elastica van Gieson), as well as the amount of
acid and neutral mucopolysaccharides (Alcian blue–
periodic acid–Schiff) in the extracellular stromal matrix.

Statistics

Statistical analysis was performed using SPSS/PASW
18.0.0 software (IBM, Zurich, Switzerland) and Kendall’s
�-b correlation tests for the 30-RCC cohort as well as �2

association tests for the TMAs. Univariate survival analy-
ses were performed by the Kaplan-Meier method and
log-rank tests, using data dichotomized into a “periostin
negative” (score � 0) and a “periostin positive” (score �
1 to 3) group. To evaluate the level of lymphocyte infiltra-
tion, each TMA core was analyzed for lymphocytes de-
tectable in H&E staining. For statistical analysis, the level
of lymphocyte infiltration was considered low if only sin-
gle lymphocytes (�5) per punch were detected, and high
when more lymphocytes were seen.

For the Affymetrix gene expression microarray, Signif-
icance Analysis of Microarrays was used to detect differ-
ential expression of the periostin gene between the two
subtypes of papillary RCC and ccRCC.38

Statistical significance was assumed if the P value or
the q-value was �0.05.

Results

Periostin mRNA Expression in RCC

The relative quantification of periostin mRNA levels was
performed in the first cohort by TaqMan quantitative RT-
PCR assay using a probe that binds a conserved region
of the mRNA (boundary between exons 2 to 3), thus
recognizing all known isoforms. The cycle threshold val-
ues were double normalized against the endogenous
control peptidylprolyl isomerase A and against the
matched normal control tissue. There was an average
fivefold up-regulation of periostin mRNA in 15 (60%) of 26
frozen RCCs, whereas in the other 10 cases it was down-
regulated with an average of 0.3-fold (Figure 1A). Perios-
tin mRNA levels were higher in the clear-cell subtype
compared with papillary RCC (P � 0.003).

Gene expression levels of the periostin gene (POSTN_
human) then were analyzed in the second cohort of 102
RCC patients using data from an Affymetrix gene expres-
sion microarray (Figure 1B). The data were processed
using Significance Analysis of Microarrays to calculate dif-
ferences in gene expression between ccRCC and papillary
RCC (Figure 1C). Normalizing against normal renal tissue,

70% of the RCCs showed a 1.5-fold up-regulation of perios-
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tin mRNA, whereas the other 30% had a 0.5-fold decrease
in the periostin mRNA levels. Higher periostin mRNA levels
again were associated with the ccRCC subtype compared
with papillary RCC (q � 0.02).

Isoform-Specific RT-PCR and Sequencing of
the Periostin Isoform Cassette

To screen for periostin isoforms, total mRNA of the first
cohort was reverse-transcribed. Because all described
isoforms showed splice alterations in the C-terminus, we
chose a PCR strategy covering the whole isoform cas-
sette range from exon 14 to exon 23. Although we de-
tected only five bands by agarose gel electrophoresis when
analyzing the isoforms in fetal kidney (Figure 2a), sequence
analysis from exons 14 to 23 revealed the presence of eight
isoforms (Table 1). Four of them have been described pre-
viously and correspond to the accession numbers D13666,
D13665, AY140646, and AY918092 in the UniProtKB/
Swiss-Prot database (isoforms 1 to 4). The other 4 (iso-
forms 5 to 8) are new, with their missing exons pre-
sented in Table 1. The full-length periostin variant
(isoform 1) as well as the isoforms 2, 5, 6, and 7 were
detected only in fetal kidney but neither in RCC tissue
nor in the corresponding normal control tissue. The
other three isoforms were detected in both RCC and
corresponding normal renal tissue (isoforms 3, 4, and
8) (Table 1). Two of these isoforms (3 and 4) have been
described previously and correspond to variants
AY140646 and AY918092 (Figure 2B). The third iso-
form (isoform 8) is an as yet unknown isoform of perios-
tin in which the exons 17, 18, 19, and 21 are missing
(Figure 2B).

In all patients of the first cohort, the frequency of iso-
forms 3 and 4 was similar in tumor and matched non-
neoplastic tissue (Figure 2C). In contrast, isoform 8 was
detected more frequently in tumor than in the corre-
sponding normal tissue (ratio, 6.5:1; Figure 2, C and D).
In four cases periostin isoform 8 expression was detect-

Figure 1. Periostin mRNA levels in RCC patients. A: Relative expression levels
obtained from the quantitative RT-PCR analysis. B: Relative expression levels
obtained from the Affymetrix microarray analysis. C: Significance Analysis of
Microarrays (SAM) plotsheet of ccRCC versus papillary RCC (pRCC).
able in both normal and tumor tissue.
Periostin Protein Expression in Cell Lines

Western blot analysis of protein lysates using different
periostin-positive cell lines showed the specificity of the
polyclonal rabbit anti-human periostin antibody used for
the immunohistochemical stainings. In fact, this antibody
detected a band of about 93 kDa when using purified
recombinant periostin and a band with a similar molecu-
lar weight from the cell lysates (Figure 3).

Periostin Protein Expression in RCC

The periostin immunoreactivity scores measured by IHC
are presented in Table 2. In the first cohort of 30 RCC
samples, protein expression was detected in the cyto-
plasm of tumor epithelia (indicated as “periostin tumor”),
and in the cytoplasm of stromal fibroblasts and in the
extracellular matrix (indicated together as “periostin
stroma”). All 30 RCC cases were periostin stroma positive
(any score of 1 to 3). The majority of the tumors (25 of 30)
also were periostin tumor positive (any score of 1 to 3).
Protein expression in the tumor epithelia significantly cor-
related with higher tumor grade (P � 0.03). Furthermore,
stromal expression correlated with higher levels of colla-
gen (P � 0.005) and acid mucopolysaccharides (P �
0.001), indicating that periostin is co-expressed together
with collagen and acid mucopolysaccharides in the des-
moplastic extracellular matrix. Representative stainings
are depicted in Figure 3. The periostin protein was ob-
served on some sections in which normal tissue was
present next to the tumor. The epithelial cells of renal
tubules had a weak to moderate periostin staining,
whereas the surrounding stroma and the renal glomeruli
were negative to weak.

Finally, TMAs consisting of 1007 renal tumors and nor-
mal control kidney tissue were analyzed. Immunohisto-
chemical analysis revealed periostin expression in the
extracellular matrix in the majority of cases. This stromal

Figure 2. Periostin isoform expression in kidney tissue after semiquantita-
tive PCR. Agarose gel bands from fetal kidney (A) and from RCC with
matched normal kidney tissue (B). C: Isoform frequencies in RCC and
matched normal tissue. D: Ratio between RCC and matched normal tissue for

each isoform detected in this tissue. GAPDH, glyceraldehyde-3-phosphate
dehydrogenase.
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expression was significantly higher in clear-cell than in
papillary and chromophobe RCC (P � 0.001), and cor-
related with lower lymphocyte infiltration (P � 0.007) (see
Supplemental Table S1 available at http://ajp.amjpathol.
org) and lower periostin in tumor epithelia (P � 0.003),
but no correlation was found with survival.

Therefore, we focused on periostin expression in tumor
epithelia in the following analyses. Cytosolic protein ex-
pression correlated with the tumor type (P � 0.001).
Among clear-cell RCC, high periostin tumor correlated
with higher differentiation grade (P � 0.001), higher pT-
category (P � 0.001), presence of lymph node metasta-
ses (P � 0.05), sarcomatoid differentiation (P � 0.001),
presence of tumor necrosis (P � 0.001), and higher
intratumoral lymphocyte infiltration (P � 0.001) (Table
3). Both high periostin in tumor epithelia and high lym-
phocyte infiltration correlated with decreased overall
survival (P � 0.009 and P � 0.002, Figure 4, A and B,
respectively).

Table 1. Summary of Periostin Isoforms Detected in RCC and Fe

Isoform ID EMBL EBI
dbEST

GenBank
Transcript

(bp)
Amplic

(bp

1 D13666 3213 624
2 D13665 3077 453
3 AY140646 2360 459
4 AY918092 2958 369
5 � JG969042 � 540
6 � JG969043 � 534
7 � JG969044 � 363
8 � JG969045 � 279

Figure 3. Periostin protein expression in malignant and normal kidney
tissue. Weak periostin expression in normal renal tissue with renal tubules
and glomeruli (A); ccRCC tissue with a negative epithelial periostin expres-
sion and a weak stromal expression (B); ccRCC tissue with a negative (C),
weak (D), moderate (E), and strong (F) epithelial periostin expression and a
strong stromal expression (C–F). Original magnifications of large sections,

�400 (A–F). G: Periostin immunoblot of different cell lines and purified
recombinant periostin protein.
Discussion

In this study we provide evidence of periostin up-regula-
tion at both the RNA and protein levels and of its signif-
icant association with the sarcomatoid differentiation in
RCC. Moreover, we identified four new periostin splice
isoforms, one of which is overexpressed significantly in
RCC, compared with the surrounding non-neoplastic re-
nal tissue.

We previously detected periostin in malignant pleural
effusions of non-small cell lung cancer by shotgun mass
spectrometry,24 suggesting that this extracellular matrix
N-glycoprotein is secreted into body fluids. In a consec-
utive study, we developed a semiquantitative score for
the evaluation of periostin protein expression in tumor
epithelia and surrounding stroma of non-small cell lung
cancer.25 This score was reproducible and permitted us
to assess its expression in other cancer types.22,31,39,40

In non-small cell lung cancer, we found periostin to be a
prognostic marker for decreased progression-free sur-
vival. Further, it correlated with other indicators of EMT
such as vimentin.25 These findings underscored the im-
portant function of periostin in the regulation of EMT,
which in turn is linked to increased invasive and thus
metastatic properties of carcinoma cells.41

We now show a statistical correlation between perios-
tin expression and sarcomatoid differentiation of RCC.
Identification of sarcomatoid differentiation generally is of
high importance for prognostic assessment of RCC pa-
tients. RCC is an extremely heterogeneous tumor and
tumor cells with a spindle-like phenotype (sarcomatoid
differentiation) may be identified only focally or be the
main tumor component. In addition to different cytokera-
tins, these cells may co-express vimentin, another EMT
marker. Vimentin expression is associated significantly
with poor prognosis.42 Furthermore, we showed that the
quantification of tumor areas with sarcomatoid differenti-
ation in ccRCC is prognostically relevant.2,35 This finding
was verified by others in larger tumor cohorts.1,43,44 We
were able to confirm this in our TMA cohort, showing a
close association between high expression of the EMT-
related periostin protein with different indicators for poor
patient prognosis, including higher tumor dedifferentia-
tion grade, higher stage, and poor overall survival in
ccRCC.

In our immunohistochemical analysis we examined
periostin immunoreactivity in both cytoplasm of carci-

Adult Normal Kidney

Peptide
(aa)

Mass
(kd)

Exons
missing Fetal RCC Normal

836 93,314 None � � �
779 87,021 17,18 � � �
781 87,254 17,21 � � �
751 83,850 17,18,21 � � �
� � 21 � � �
� � 18 � � �
� � 17,18,19 � � �
� � 17,18,19,21 � � �
tal and

on
)

noma cells and extracellular matrix of RCC. In the first
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cohort of 30 frozen samples of renal carcinoma cases,
there were variations in the expression intensity of perios-
tin in the extracellular matrix. In the TMA cohort, both
stromal and epithelial periostin were related to lympho-
cyte infiltration. Strong epithelial periostin correlated with
strong lymphocyte infiltration, whereas stromal periostin
correlated with lower lymphocyte infiltration. These find-
ings suggest that periostin might modulate the intratu-
moral lymphocyte infiltration. Thompson et al45 have in-
deed shown that interactions between immune cells and
cancer cells may promote cancer progression by con-
tributing to immune dysfunction in patients with RCC.
They found a significant correlation between expression
of programmed death-1 receptor on tumor-infiltrating T
cells and the presence of sarcomatoid differentiation in
RCC patients. In our study, high levels of periostin in the
tumor epithelia correlated with higher lymphocyte infiltration

Table 2. Protein Expression Intensity Scores of Periostin, Collage

Score

Periostin

Tumor Stroma

n % n %

0 5 16.7 0 0.0
1 21 70.0 1 3.3
2 3 10.0 10 33.3
3 1 3.3 19 63.3
Total 30 100.0 30 100.0

*Alcian blue–positive acid mucopolysaccharides.

Table 3. Epithelial Periostin Expression in RCC and Clinicopatho

Total cases

n (%)

Subtype
ccRCC 748 82.4
pRCC 112 12.3
chRCC 48 5.3

Grade*
1 22 3.0
2 220 29.6
3 317 42.6
4 165 22.2

pT*
1 to 2 355 48.2
3 to 4 381 51.8

pN*
0 231 80.8
1 33 11.5
2 22 7.7

Sarcomatoid differentiation*†

0 179 72.5
1 68 27.5

Necrosis*†

0 271 70.2
1 115 29.8

Lymphocyte infiltration*†

0 45 18.1
1 127 51.2
2 76 30.6
*ccRCC only.
†Zurich TMA only.
and with sarcomatoid differentiation. Taken together, these
data suggest that periostin levels in the tumor epithelia
somehow might be related to immune dysfunction and
more aggressive behavior in RCC. However, the molecular
mechanism of interaction between periostin and tumor-infil-
trating immune cells remains to be clarified.

It is of note that there were more periostin-negative
cases in the TMA cohort compared with the smaller co-
hort of 30 RCC samples using whole tumor sections. This
discrepancy may be a methodologic problem because
the TMA technology uses large numbers of samples but
with smaller tissue cores (0.6-mm diameter). The TMA
analysis suggests that periostin expression in carcinoma
cells is related more closely to RCC progression than
stromal periostin. It is tempting to speculate that periostin
expression in carcinoma cells is more important for inva-
sion/metastasis of cancer cells than periostin expression

tin, and Acid Mucopolysaccharides in the 30 RCCs

Stroma

ollagen Elastin Mucopol*

% n % n %

0.0 12 40.0 1 3.3
26.7 10 33.3 14 46.7
26.7 4 13.3 5 16.7
46.7 4 13.3 10 33.3

100.0 30 100.0 30 100.0

arameters

Periostin
negative

Periostin
positive

P
valuesn (%) n (%)

55 34 493 66 �0.001
9 8 103 92
1 2 47 98

12 54 10 46 �0.001
00 45 120 55
02 32 215 68
30 18 135 82

45 41 210 59 �0.001
05 28 276 72

81 35 150 65 0.024
6 18 27 82
4 18 18 82

90 50 89 50 �0.001
12 18 56 82

22 45 149 55 �0.001
26 23 89 77

27 60 18 40 �0.001
57 45 70 55
18 24 58 76
n, Elas

C

n

0
8
8

14
30
logic P

2

1
1

1
1

1



Periostin Isoforms in RCC 1519
AJP September 2011, Vol. 179, No. 3
in the extracellular matrix. Indeed, binding of periostin to
the integrins at the plasma membrane leads to increased
expression of genes that enhance invasion and metasta-
sis of carcinoma cells,7–11 and this effect probably is
exerted by an autocrine/paracrine loop at the close inter-
face between tumor epithelia and surrounding stroma.
Thus, periostin production by carcinoma cells may result
in protein secretion at a site where it can exert its stron-
gest effect, namely at the tumor invasion front.

According to our results, 60% of RCCs are character-
ized by an average fivefold up-regulation of periostin
mRNA compared with normal tissue. This also was con-
firmed by IHC, showing increased protein levels in the
tumor cells as well as in the stroma. A previous study was
not able to find differences between periostin expression
in tumor versus normal renal tissue. This was possibly
owing to a relatively low case number, a high fluctuation
between tissue samples, and diversity in cell type con-
tent.46 In our analysis of a gene expression microarray,
periostin mRNA was 1.5-fold up-regulated in 70% of the
RCCs in comparison with normal renal tissue. The differ-
ence in the average up-regulation between the results
obtained from the quantitative RT-PCR analysis (average
up-regulation of fivefold) and the gene expression mi-
croarray analysis (up-regulation of 1.5-fold) may be ow-
ing to, first, a different number of patients were enrolled in
the two experiments, second, because we used matched
normal renal tissues as a control in the quantitative RT-
PCR whereas in the analysis of the gene expression
microarray we used six nonmatched normal renal tissues
as a control, and, third, because the RNA levels were

Figure 4. Cumulative univariate 5-year overall survival analysis. Kaplan-
Meier curve (log-rank test) for periostin expression in the cytoplasm of tumor
epithelial cells (*P � 0.009) (A) and for lymphocyte infiltration (**P � 0.002)
(B). The median follow-up time was 39 months (range, 0 to 229 months).
Periostin negative versus positive. Lymphocyte infiltration low versus high
(for definition see text).
detected with two different methods.
Our immunohistochemical analysis helps to clarify the
localization of periostin. In fact, its localization has been a
matter of controversy for a long time. Some studies
showed the presence of periostin in stromal cells but not
in cancer cells21,23,26,47 or both,29 whereas others found
periostin mRNA only in cancer cells.9,11 The immunohis-
tochemical analysis of our RCC cohorts provides evi-
dence of protein presence in both tumor epithelia and
stroma, which is in agreement with similar findings in
lung, prostate, and liver carcinoma, as well as in malig-
nant pleural mesothelioma.22,25,31,39,40 It remains to be
clarified if the presence of periostin in the cytoplasm of
tumor epithelia is caused by endogenous production or
by an uptake mechanism from the surrounding extracel-
lular matrix. We would rather favor endogenous produc-
tion because periostin carries several N-glycomotifs in its
N-terminal region, which is a typical feature of secreted
proteins and mRNA was identified in the cytoplasm of
breast and pancreatic cancer cells.9,11

In the desmoplastic stroma surrounding and interca-
lating the tumor, high levels of periostin correlated with
increased amounts of collagen fibers as well as acid
mucopolysaccharides. These results substantiate the
concept that periostin isoforms exert their influence on
dynamic stroma remodeling through their binding to col-
lagen fibers48–50 in an acid mucopolysaccharide-rich en-
vironment. This is in line with the fact that periostin can
bind the acid mucopolysaccharide heparin.51 Thus, next
to collagen, periostin may be a major constituent of the
desmoplastic microenvironment. However, there are no
data about the exact stoichiometric relations.

Interestingly, four of the eight periostin isoforms
identified in our analysis of fetal kidney tissue are un-
known splice variants. The other four represent full-
length periostin and three previously reported iso-
forms. The presence of variants in fetal kidney that are
not expressed in RCC or adult kidney suggests a role of
those proteins during embryogenesis of the kidney, in-
cluding dynamic tissue remodeling, which comprises re-
arrangement of extracellular matrix fibers. Norris et al50

indeed showed that periostin binds collagen I and there-
fore is involved in stroma fibrillogenesis, influencing the
biomechanical properties of fibrous connective tissues.
Hoersch and Andrade-Navarro48 suggested that the C-
terminal domain of periostin is responsible for binding to
the matrix proteins such as collagen and fibronectin and
that the isoforms may exert their influence on the extra-
cellular matrix fibrillogenesis differently. Therefore, the
cell type and the differentiation state specificity of perios-
tin isoforms seems to reflect the differential modulation of
periostin function through alternative splicing. This hy-
pothesis is supported by the finding that overexpression
of the isoform “variant I” (corresponding to isoform 4) led
to increased invasiveness in in vitro and in vivo experi-
ments using the human bladder cancer cell line SBT991
and the mouse malignant melanoma cell line B16F10.52

Furthermore, blocking the activity of periostin isoforms
in the mouse osteoblast cell line MC3T3-E1 led to a
significant reduction of osteoblast-specific differentia-

tion markers.14
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Among the three spliced periostin variants that were
co-expressed in both RCC tissue and matched non-
neoplastic tissue, two corresponded to the already de-
scribed isoforms 3 and 4 (accession numbers: AY140646
and AY918092, UniProtKB/Swiss-Prot database), whereas,
the third isoform represented an as yet unknown variant
(named isoform 8). Interestingly, this new isoform was
expressed more frequently in RCC than in matched non-
neoplastic tissue. Even though the role of alternative
splicing of periostin mRNA is not fully understood, these
findings suggest that isoform 8 plays a role during tumor
development, which is in line with the concept that some
periostin variants may enhance tumor invasiveness. The
fact that the already known full-length periostin (isoform
1), the isoform 2, and the newly identified isoforms 5 to 7
were detected neither in normal nor in tumor tissue of the
kidney, leads to the hypothesis that the isoform regulation
depends on the differentiation state and on the tissue
type.

In summary, our study represents a comprehensive
analysis of the EMT marker periostin in RCC, and indi-
cates that this protein could be involved in the sarco-
matoid differentiation of RCC, but further biomolecular
studies are necessary to verify this hypothesis. Perios-
tin splice isoforms were characterized in RCC and fetal
and adult normal kidney. Furthermore, a novel isoform
differentially expressed in normal kidney and RCC was
identified.
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