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FIGURE 1. Single nucleotide polymorphism array “karyograms” of 10 tumors from 5 synchronous endometrial
and ovarian carcinomas. The signal intensity ratio between the raw signal intensity from the cancer and

paired normal samples is ordered by position in the genome, beginning at 1p and ending with X. The top panel
shows allele-specific copy number in the endometrial carcinoma, and the bottom panel is that in the paired
ovarian carcinoma. A, B, C, D, and E correspond to cases 1, 2, 3, 4, and 5, respectively.
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ynchronous cancers involving the ovaries and the uterine

corpus are well-known events in gynecologic malignan-
cies.l? These tumors can be independently derived, non-
metastatic tumors (dual primary tumors [DP]) or a tumor
from 1 organ with metastasis to another (single primary
tumor with metastasis [SPM]). In most of these synchronous
endometrial and ovarian cancers, both tumers are diagnosed
histologically as endometrioid adenocarcinomas, which may
complicate the distinction between DP and SPM. Among
326 cases of endometrial carcinoma encountered at the Uni-
versity of Tokyo Hospital since 1999, 27 (8.3%) were synchro-
nous endometrial and ovarian cancers. Of these 27 synchronous
carcinomas, 9 were histopathologically diagnosed as DP and
18 as SPM.

Correct diagnosis of DP and SPM is clinically very
important because the prognosis of DP is significantly better
than that of SPM.*™ Using the guidelines according to the
International Federation of Gynecology and Obstetrics,® DP
tumors, when confined to the ovary (or ovaries) and uterine
corpus alone, would represent 2 stage I cancers. Patients with
DP may not requite any adjuvant chemotherapy or radio-
therapy, depending on the stage of each tumor. On the other
hand, a primary endometrial cancer with ovarian metastases
would be classified at least as stage Ila, and a primary
ovarian cancer with metastasis to the uterine corpus would be
at least stage [Ta. These patients with SPM require more ag-
gressive treatment, including adjuvant chemotherapy (and/or
radiotherapy). Thus far, the diagnosis of synchronous endo-
metrioid adenocarcinomas has been mainly based on multiple
pathological features, including tumor grade, extent of myo-
metrial invasion, vascular invasion, ovarian tumor size, pattern
of ovarian involvement, and presence or absence of precur-
sor lesions (such as atypical endometrial hyperplasia and
ovarian endometriosis).” ¢ However, similar histology can-

not be used as evidence of metastasis from one organ to
another. Two tumors may have a similar histological ap-
pearance but could still represent independent tumors. Con-
versely, a metastatic tamor may appear to be dissimilar from
the primary tumor owing to morphologic variations in either
tumor, such as dedifferentiation and epithelial-mesenchymal
transition. Thus, a nondefinitive diagnosis between SPM and
DP might result in an inaccurate prognostic evaluation and
consequently unsuitable adjuvant treatments (mostly exces-
sive treatments) in a significant proportion of synchronous
tumors.

To increase the accuracy of the diagnosis, a number of
attempts have been made to characterize synchronous tumors
based on their molecular alterations. The approaches include
loss of heterozygosity (LOH), X chromosome inactivation,
microsatellite instability (MSI), and mutational analysis of
PTEN and CTNNBI1.117'5 Howevert, distinguishing primary
cancer from metastatic cancer is still challenging because
additional molecular changes in either the primary or the
metastatic tumor can obscure the genetic identity. Genome-
wide genotyping, such as single nucleotide polymorphism
(SNP) arrays, has improved greatly and has revealed chro-
mosomal copy number alterations (CNAs) throughout the
genome in a single assay.16 Allele-specific copy number in-
formation by SNP arrays has unveiled copy number-neutral
(CNN) LOH ({loss of 1 allele and gain of the opposite allele)
in various types of tumors, including endometrial and ovarian
carcinomas. 1718

In this study, we assessed whether SNP array geno-
typing is useful for diagnosing synchronous endometrioid
adenocarcinomas of the uterine corpus and the ovary. In ad-
dition, we validated the SNP array genotyping diagnoses by
analyzing the microsatellite status and genetic mutations of
several cancer-related genes.

TABLE 1. Clinicopathological features and diagnosis

Endometrial Cancer

Age, BM], Tumor
Case y Menopause Gravidity Parity kg/m”  Size,cm  Grade MI EMH IVI Cx ER PgR
1 56 54 0 0 14.3 8 x4 2 >2/3 - + 4+ - -
2 47 — 1 1 217 2x1,4x2 1 >1/3,<2/3 - + + - =
3 52 50 0 0 19.6 3 x1 1 <1/3 - - = + 2+
4 32 — 0 0 22.9 7x5 1 >2/3 - -+ - 4+
5 51 50 1 1 19.9 4 x4 3 >1/3, <23 - + - 2+ 3+

BMI, body mass index; M1, myometrial invasion; EMH, endometrial hyperplasia; Cx, cervical involvement.
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positive microsatellite markers were detected and diagnosed
as microsatellite stable in the other 4 patients.

Among the 5 synchronous endometrial carcinomas, we
detected PIK3CA mutations in 4 (80%), PTEN mutations in
1 (20%), and CTNNBI (B-catenin) mutations in 1 patient
(20%). No K-Ras mutations were detected in these samples.
Both endometrial and ovarian carcinomas in case 1 possessed
coexistent mutations in PIK3CA and PTEN, however, no mu-
tation sites were overlapped between the 2 tumors (Table 2). In
contrast, the other 4 synchronous tumors harbored identical
mutations in the endometrial and ovarian carcinomas (Table 2).
We confirmed that all these mutations were somatic by ana-
lyzing the corresponding normal DNA (Supplemental Digital
Content, Figure 1 and legend, http:/links.lww.com/IGC/A87,
http:/links.lww.com/IGC/A88).

Discrepancy Between Pathological and

Genetic Diagnoses

The histopathological diagnosis and all the genetic di-
agnostic data are summarized in Table 3. Single nucleotide
polymorphism array genotyping and genetic mutations were
identical in 3 (cases 2, 4, and 5) of the 5 cases, indicating that
these synchronous tumors were SPM. In case 3, the 2 point
mutations in the PIK3C4 gene and alterations of micro-
satellite markers were the same in the endometrial and the
ovarian carcinomas. These data suggest that the case was
more likely to be SPM and that the CNIN LOH detected only
in the ovarian carcinoma might have occurred after metastasis
to the ovary. Case 1 was genetically diagnosed as DP.

DISCUSSION

In this study, we applied a genome-wide genotyping
approach by SNP typing arrays to diagnose whether 2 tamors
in the endometrium and ovary in the same patient represent
DP or SPM. Among gynecologic synchronous tumors, en-
dometrioid adenocarcinomas of the endometrium and ovary
are clinically important for the following reasons: (1) this
combination is the most frequent among gynecologic syn-
chronous malignancies, (2) histopathological diagnosis is
very difficult owing to the morphologic similarities between

the tumors, and (3) the prognosis is much better in DP (with
early stage of each tumor) than in SPM (with more advanced
stage of the single primary tumor).

Genome-wide genotyping technologies have now be-
come feasible for practical use in cancer therapy and diag-
nosis.”* Microarray gene expression profiling (GeneChip;
Affymetrix) is used for genome-wide analyses, but the results
can be significantly affected by normal cell contamination. In
contrast, purity of tumor epithelium of 50% is sufficient for
copy number evaluation in SNP arrays.”® In this study, we
demonstrated that allele-specific SNP array genotyping is a
useful diagnostic methodology in synchronous endometrial
and ovarian carcinomas. The information about CNAs that
can be obtained throughout the genome includes (1) the type
of alterations (gain, loss, or CNN LOH), (2) the locus and the
length (minimal regions) of each alteration, and (3) the degree
of each CNA. Thus, the diagnosis would be more definitive
with a larger number of CNAs, as seen in cases 2 and 5 in this
study. Concordant “karyograms” in the SPM cases suggest
that CNAs might occur mainly before metastasis and that
subsequent alterations after the metastasis might not be fre-
quent in SPM. However, the limitation of diagnosis by SNP
arrays should be considered because secondary changes can-
not be excluded, as observed in case 3. Using SNP typing
arrays, we previously reported that CIN (CIN-extensive,
CNAs with 5 or more loci) is an independent poor prognos-
tic factor in endometrial cancer.'® Taken together with the
present results, this suggests that SNP array genotyping might
be useful to predict poor prognostic patients with synchronous
endometrial and ovarian carcinomas via the evaluation of clon-
ality and CIN.

Assessment of the status of genetic mutations and
microsatellite markers was helpful for the validation of the
diagnosis by SNP arrays. We selected 4 genes (K-Ras, PTEN,
PIK3CA4, and CTNNBI) in this study, which are commonly
mutated in endometrial carcinomas.?*-?> Among the 5 sets of
synchronous endometrial and ovarian carcinomas, discordant
mutational patterns were only detected in case 1, which was
diagnosed as DP by the SNP arrays. The mutational data
should also be applied with careful consideration because
identical “hot spot” mutations in these genes might occur
independently in each DP tumor.

TABLE 3. Pathological diagnosis and genetic diagnosis

Pathological Genetic Mutations MSI Genetic Tumor

Case Diagnosis Chromosomal Instability (Mutated Genes) (Ut/Ov)  Diagnosis Stage

1 SPM Different; Ut; intermediate Different (different mutations  Low/low DP EM, IIb; OV, Ic
(4)/Ov; negative both in PTEN and PIK3C4)

2 Dp Identical; extensive (5) Identical (CTNNBI) Low/low SPM EM, [la

3 DP Different; Ut; negative/Ov; Identical (PIK3CA4) High/high SPM EM, Ila
intermediate (1)

4 DP Identical; intermediate (1)  Identical (PIK3CA, CTNNBI) Low/low SPM EM, ¢

5 SPM Identical; extensive (>20)  Identical (PIK3CA4) Low/low SPM EM, Ila

Values in parentheses indicate number of loci of copy number imbalances.

Ut, endometrial cancer; Ov, ovarian cancer.
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MATERIALS AND METHODS

Tumor Samples and Genomic DNA

In total, 10 surgical specimens were obtained from
5 patients with synchronous endometrial or ovarian endo-
metrioid adenocarcinomas who underwent resection of their
turmors at the University of Tokyo Hospital. All the patients
provided informed consent for the collection and use of their
samples for research, and the use of tissues for this study
was approved by the appropriate institutional ethics com-
mittees. The clinicopathelogical features of the 5 cases are
detailed in Table 1. Treatment protocols for endometrial
carcinomas were described previously.!® All of the patients
received primary surgery, followed by 6 cycles of platinum-
based chemotherapy. The fresh frozen tumors were embedded
in optimal cutting temperature compound and were cut into
4-jum tissue sections, which were stained with hematoxylin
and eosin. Sections with high content and purity of tumor
epithelium were used for DNA extraction. Genomic DNA
was isolated from the tumor sections or lymphocyte pellets
using a QlAamp DNA Easy Kit (Qiagen, Valencia, CA)
according to the manufacturer’s specifications.

Iimmunohistochemistry

Immunohistochemistry for estrogen receptor (ER) and
progesterone receptor (PgR) was performed, and the inten-
sity of staining in tumor cells was scored independently
(0-3) by 2 investigators as described previously (Y.T. and
D.M.).P°

SNP Array and Genome Imbalance Map

Single nucleotide polymorphism array was performed
in the 10 synchronous carcinomas from the 5 patients with
paired control DNA. Experimental procedures for GeneChip
wetre performed according to the GeneChip Expression Anal-
ysis Technical Manual (Affymetrix, Santa Clara, CA), using
a Human Mapping 250K Nsp Array (Affymetrix). The Ge-
nome Imbalance Map algorithm was applied to the raw
data of endometrial (or ovarian) cancer and peripheral blood
obtained from SNP arrays as described previously."®° The
purity of tumor epithelium at 50% was previously con-
firmed to be sufficient for copy number evaluation in SNP
arrays.”® One ovarian cancer specimen (case 5) contained
more normal DNA contamination than the others did, and
cut-off ratios of greater than 1.15 for gain and less than 0.85
for loss were used in each region. We classified tumors with
5 or more loci of copy alterations as chromosomal instability
(CIN)—extensive, those with 1 to 4 loci as CIN-intermediate,
and those without any copy alterations as CIN-negative.

Polymerase Chain Reaction and Sequencing

Mutational analysis of PIK3CA, PTEN, K-Ras, and
CTNNBI was performed. Mutations for PTEN (exons 1-8),
K-Ras (exons 1 and 2), and PIK3CA (exons 9 and 20)
were analyzed as previously described.?’™* The primer se-
quences of exon 3 for the CTNNBI gene were as follows:
forward, 5-ATTTGATGGAGTTGGACATGGC-3" and re-
verse, 5-CCAGCTACTTGTTCTTGAG-3". The polymerase
chain reaction products were sequenced using the BigDye

TABLE 2. (Cenetic mutation status in PIK3CA, PTEN, K-Ras, and CTNNBT and loci of chromosomal CNAs in dual site

carcinomas of the uterus and ovary

Genetic Mutations

Case PIK3CA PTEN K-Ras CTNNBI

1 EM E365K D24Y, R142W WT WT
ov ES1IK R15K, F81C WT WT

2 EM WT WT WT 836C

ov WT WT WT S36C
3 EM N345D, Y1021C WT WT WT
ov N345D, Y1021C WwT WT WT

4 EM H1047R WT WT S32C

ov H1047R WT WT 8$32C
5 EM M10431 WT WT WT
M10431 WT WT WwT
ov M10431 WT WT WT

EM, endometrial cancer; OV, ovarian cancer; WT, wild type. Bold values signify the existence of genetic mutations in the tumors.
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In conclusion, our data revealed that each copy num-

ber imbalance was well preserved between the endome-
trial and the paired ovarian tumors in SPM, suggesting that
genome-wide SNP typing arrays might be a useful method
to diagnose synchronous endometrial and ovarian carcinomas
comprehensively.
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positive microsatellite markers were detected and diagnosed
as microsatellite stable in the other 4 patients.

Among the 5 synchronous endometrial carcinomas, we
detected PIK3CA mutations in 4 (80%), PTEN mutations in
1 (20%), and CTNNBI (B-catenin) mutations in 1 patient
(20%). No K-Ras mutations were detected in these samples.
Both endometrial and ovarian carcinomas in case 1 possessed
coexistent mutations in PIK3CA4 and PTEN; however, no mu-
tation sites were overlapped between the 2 tumors (Table 2). In
contrast, the other 4 synchronous tumors harbored identical
mutations in the endometrial and ovarian carcinomas (Table 2).
‘We confirmed that all these mutations were somatic by ana-
lyzing the corresponding normal DNA (Supplemental Digital
Content, Figure 1 and legend, http://links.lww.com/IGC/AR7,
http://links.lww.com/IGC/ARS).

Discrepancy Between Pathological and

Genetic Diagnoses

The histopathological diagnosis and all the genetic di-
agnostic data are summarized in Table 3. Single nucleotide
polymorphism array genotyping and genetic mutations were
identical in 3 (cases 2, 4, and 5) of the 5 cases, indicating that
these synchronous tumors were SPM. In case 3, the 2 point
mutations in the PIK3CA4 gene and alterations of micro-
satellite markers were the same in the endometrial and the
ovarian carcinomas. These data suggest that the case was
more likely to be SPM and that the CNN LOH detected only
in the ovarian carcinoma might have occurred after metastasis
to the ovary. Case 1 was genetically diagnosed as DP.

DISCUSSION

In this study, we applied a genome-wide genotyping
approach by SNP typing arrays to diagnose whether 2 tumors
in the endometrium and ovary in the same patient represent
DP or SPM. Among gynecologic synchronous tumors, en-
dometrioid adenocarcinomas of the endometrium and ovary
are clinically important for the following reasons: (1) this
combination is the most frequent among gynecologic syn-
chronous malignancies, (2) histopathological diagnosis is
very difficult owing to the morphologic similarities between

the tumors, and (3) the prognosis is much better in DP (with
early stage of each tumor) than in SPM (with more advanced
stage of the single primary tumor).

Genome-wide genotyping technologies have now be-
come feasible for practical use in cancer therapy and diag-
nosis.?* Microarray gene expression profiling (GeneChip;
Affymetrix) is used for genome-wide analyses, but the results
can be significantly affected by normal cell contamination. In
contrast, putity of tumor epithelium of 50% is sufficient for
copy number evaluation in SNP arrays.”® In this study, we
demonstrated that allele-specific SNP array genotyping is a
useful diagnostic methodology in synchronous endometrial
and ovarian carcinomas. The information about CNAs that
can be obtained throughout the genome includes (1) the type
of alterations (gain, loss, or CNN LOH), (2) the locus and the
length (minimal regions) of each alteration, and (3) the degree
of each CNA. Thus, the diagnosis would be mote definitive
with a larger number of CNAs, as seen in cases 2 and 5 in this
study. Concordant “karyograms” in the SPM cases suggest
that CNAs might occur mainly before metastasis and that
subsequent alterations after the metastasis might not be fre-
quent in SPM. However, the limitation of diagnosis by SNP
arrays should be considered because secondary changes can-
not be excluded, as observed in case 3. Using SNP typing
arrays, we previously reported that CIN (CIN-extensive,
CNAs with 5 or more loci) is an independent poor prognos-
tic factor in endometrial cancer.'® Taken together with the
present results, this suggests that SNP array genotyping might
be useful to predict poor prognostic patients with synchronous
endometrial and ovatian carcinomas via the evaluation of clon-
ality and CIN.

Assessment of the status of genetic mutations and
microsatellite markers was helpful for the validation of the
diagnosis by SNP arrays. We selected 4 genes (K-Ras, PTEN,
PIK3C4, and CTNNBI) in this study, which are commonly
mutated in endometrial carcinomas.?*>> Among the 5 sets of
synchronous endometrial and ovarian carcinomas, discordant
mutational patterns were only detected in case 1, which was
diagnosed as DP by the SNP arrays. The mutational data
should also be applied with careful consideration because
identical “hot spot” mutations in these genes might occur
independently in each DP tumor.

TABLE 3. Pathological diagnosis and genetic diagnosis

Pathological Genetic Mutations MSI Genetic Tumor

Case Diagnosis Chromosomal Instability (Mutated Genes) (Ut/Ov)  Diagnosis Stage

1 SPM Different; Ut; intermediate Different (different mutations  Low/low DP EM, IIb; OV, Ic
(4)/Ov; negative both in PTEN and PIK3CA)

2 DP Identical; extensive (5) Identical (CTNNBI) Low/low SPM EM, ITa

3 DPp Different; Ut; negative/Ov; Identical (PIK3CA4) High/high SPM EM, IlTa
intermediate (1)

4 DP Identical; intermediate (1)  Identical (PIK3CA, CTNNBI) Low/low SPM EM, Illc

5 SPM Identical; extensive (>20)  Identical (PIK3CA4) Low/low SPM EM, ITa

Values in parentheses indicate number of loci of copy number imbalances.

Ut, endometrial cancer; Ov, ovarian cancer.
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ARTICLE INFO ABSTRACT
Article history: Sirtuin 1 (SIRT1), originally found as a class III histone deacetylase, is a principal modulator of pathways
Received 25 June 2012 downstream of calorie restriction, and the activation of SIRT1 ameliorates glucose homeostasis and
Available online 7 July 2012 insulin sensitivity. We examined the role of SIRT1 in the regulation of uterine receptivity using Ishikawa
and RL95-2 endometrial carcinoma cell lines. Exogenous expression of SIRT1 significantly enhanced
Keywords: E-cadherin expression, while small interfering RNA-mediated depletion of endogenous SIRT1 resulted
SIRT1 . in a significant reduction of E-cadherin expression. A SIRT1 activator resveratrol elevated E-cadherin
}E-eccae(g;ievriltl; expression in a dose dependent manner, while SIRT1 repressors nicotinamide and sirtinol exhibited a
Activity dose dependent reduction of E-cadherin expression. We also showed that both forced expression of SIRT1
and activation of SIRT1 promote E-cadherin-driven reporter gene constructs, and SIRT1 is localized at E-
cadherin promoter containing E-box elements in Ishikawa cells. Using an in vitro model of embryo
implantation, we demonstrate that exogenous expression of SIRT1 and stimulation of SIRT1 activity
resulted in the Ishikawa cell line becoming receptive to JAR cell spheroid attachment. Furthermore, res-
veratrol enhanced E-cadherin and Glycodelin protein expression at sites of intercellular contact, suggest-
ing an additive role of resveratrol in promoting implantation. The initial step of human reproduction
depends on the capacity of an embryo to attach and implant into the endometrial wall, and these results
revealed the novel mechanism that activation and increased expression of SIRT1 play an important role in

uterine receptivity.
© 2012 Elsevier Inc. All rights reserved.
1. Introduction epithelial carcinoma cell lines such as Ishikawa [4] and RL95-2 [5]

cells, and trophoblast cell lines have been used to mimic the recep-
After the blastocyst attaches onto the endometrial glandular tive state of the uterine epithelium in in vitro implantation assays,

epithelium, broad adhesion, transient disruption of the uterine epi- and the in vitro implantation assay is regarded as a useful model for
thelium by degradation of extracellular matrix, and penetration studying mechanisms of human implantation [4-6].
into the uterine stroma occurs. The implantation window is hor- E-cadherin would be involved in the initial attachment of em-

monally regulated and is characterized by changes in the molecules bryos because E-cadherin is found on luminal epithelium and on
expressed by uterine epithelial cells [1]. Although numerous cell trophectoderm [7]. E-cadherin in uterine endometrium was known

surface components including adhesion molecules, cytokines, to be hormonally regulated because E-cadherin expression is sig-
growth factors, and lipids are postulated to be involved in implan- nificantly enriched at the apical membranes of mouse uterine epi-
tation, only a few genes are essential to this process [2,3]. The study thelial cells during the preimplantation stage [8]. Embryos lacking
of implantation is both technically and ethically difficult to investi- functional E-cadherin by targeted disruption exhibit defective pre-

gate in vivo. In vitro study using primary tissues possesses many implantation development and failure to implant [9]. E-cadherin
limitations due to the individual variations. Currently endometrial is known to maintain organized architecture and plays a pivotal
role in the regulation of epithelial cell proliferation, differentiation,
and survival [10]. In addition, genetic or epigenetic alterations of
AMPK, AMP-activated kinase; HDAC, histone deacetylase; NAM, nicotinamide. E-Sahierin Bipresssn }.lave RS O Wlth. va.rlous

* Corresponding author, Fax: +81 3 3816 2017. cancers and a class III histone deactylase (HDAC), SIRT1, is linked

E-mail address: osamu.hiraike@gmail.com (0. Wada-Hiraike). to the E-cadherin expression [11,12].

Abbreviations: AICAR, 5-aminoimidazole-4-carboxyamide ribonucleoside;
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SIRT1, the mammalian homologue of yeast Sir2 (silent informa-
tion regulator 2), deacetylates multiple targets in mammalian cells
[13]. By regulating various molecules, SIRT1 functions as a master
regulator of energy homeostasis, transcriptional regulation, het-
erochromatin formation, genomic stability, p53 function, and cell
survival [14]. SIRT1 is associated with the oncogenic functions be-
cause SIRT1 promotes cell survival by inhibiting acetylated-p53
dependent apoptosis [15,16]. SIRT1 has been shown to be involved
in the maintenance of gene silencing by associating with CpG is-
land of promoter regions in tumor suppressor genes [11]. However,
SIRT1 also possesses anti-oncogenic function because SIRT1 inhib-
its Survivin expression by changing the epigenetic modification of
histone H3, and a phytochemical compound resveratrol (trans-
3,5,40-trihydroxystilbene) mimic the inhibitory effects of SIRT1,
thus serves as an anti-carcinogenic compound [17]. Polyphenols
have been known to activate SIRT1 either directly or indirectly,
and the deacetylating activity of SIRT1 can be inhibited by nicotin-
amide (NAM) [13]. Resveratrol is an indirect activator of SIRT1 and
has been shown to activate the expression of nicotinamide phos-
phoribosyltransferase and AMP-activated kinase (AMPK) [18-20].
In addition, SIRT1 and AMPK mutually affect the functions of each
other [18,21]. So far, it is not known whether these chemicals are
able to modulate the expression of E-cadherin.

To better understand the functional significance and the tran-
scriptional regulation by SIRT1, we studied the effect of the tran-
scriptional regulation of E-cadherin driven by SIRT1. We
demonstrate that E-cadherin expression is regulated by SIRT1 in
endometrial carcinoma cells. Either activation of SIRT1 or in-
creased expression of SIRT1 plays a key role in the development
of human uterine receptivity via inducing E-cadherin expression.
These findings establish a principal biological function of SIRT1
in the modulation of E-cadherin function, and further identify
SIRT1 as a possible determinant and potential therapeutic target
in implantation failure.

2. Materials and methods
2.1. Cell culture and chemicals

Ishikawa human endometrial adenocarcinoma cell line was
kindly provided by Dr. M. Nishida (Tsukuba University, Ibaraki, Ja-
pan). RL95-2 cells (CRL-1671, human endometrial adenocarci-
noma), 293T cells (CRL-11268, human embryonic kidney cells),
and JAR cells (HTB-144, human choriocarcinoma cells) were pur-
chased from the American Type Culture Collection (Manassas,
VA, USA). Resveratrol, NAM, and sirtinol were from Sigma-Aldrich
(St. Louis, MO, USA). AICAR (5-Aminoimidazole-4-carboxyamide
ribonucleoside) was purchased from Cell Signaling Technology
(Danvers, MA, USA).

2.2. Western blot

To determine the effect of SIRT1 functions, cells were treated
with indicated concentrations of resveratrol, sirtinol, NAM, or Al-
CAR. Western blot analysis and immunostaining were performed
as described previously [22].

2.3. RNAi

The ablation of SIRT1 and DBC1 was performed by transfection
of the Ishikawa cells and RL95-2 cells with small interfering RNA
(siRNA) duplex oligos synthesized by Invitrogen (Carlsbad, CA,
USA) and Qiagen (Hilden, Germany). Control siRNA (AllStars
Negative Control siRNA, 1027281) and DBCl-specific siRNA
[DBC1-RNAi: 5° AAACGGAGCCUACUGAACA 3’, which covered
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mRNA regions of nucleotides 1379-1397 (amino acids 460-466)
of DBC1, and KIAA1967-RNAi, SI00461853] were transfected by
using HyperFect reagent (Qiagen). Stealth RNAi Duplex (Invitro-
gen) specific for SIRT1 (Oligo ID: HSS118729, HSS177403 and
HSS117404) was transfected by using Lipofectamine RNAi MAX
(Invitrogen).

2.4. Luciferase assay

Transfection was performed with Effectene reagent (Qiagen)
according to the manufacturer’'s recommendation. For luciferase
assay, indicated expression vectors were cotransfected with
E-cad(—108)-Luc or E-cad(—108)Mut-Luc [23]. As an internal con-
trol to equalize transfection efficiency, phRL CMV-Renilla vector
(Promega Corp., Madison, WI, USA) was also transfected in all the
experiments. Individual transfections, each consisting of triplicate
wells, were repeated at least three times [22].

2.5. In vitro implantation assay

To generate spheroids of JAR cells for use as blastocyst models,
the JAR cells were grown in suspension in petri dishes at a density
of 2 x 10° cells/ml, Petri dishes were placed on a slow shaker in
37 °C, 5% CO, humidified incubator overnight. During this incuba-
tion, JAR cells form spheroids of 50-200 um in diameter through
natural aggregation. Ishikawa cells were seeded in quintuplicate
in 24-well plates and incubated until they reached subconfluent
monolayers. Thereafter, Ishikawa cells were treated with indicated
chemical compounds. On the day of the assay, co-culture of Ishik-
awa cells and JAR spheroids (approximately 100 spheroids/well)
for 24 h was performed. After incubation, the monolayers were
gently washed twice with PBS to remove unattached spheroids.
Cell monolayers were then examined under light microscope for
spheroids numbers.

2.6. Fluorescence microscopy

Ishikawa cells were grown on 12 mm BD BioCoat (BD Biosci-
ences, Franklin Lakes, NJ, USA) glass coverslips in 6-well plates.
Spheroids of JAR cells seeded on the Ishikawa monolayer cells were
fixed with PBS containing 4% paraformaldehyde. After blocking,
Ishikawa cell and spheroids were incubated sequentially with
anti-E-cadherin (610181, BD Biosciences) and anti-Glycodelin
(EP870Y, Novus Biologicals, CO, USA) antibodies. Secondary anti-
bodies were Alexa fluor 488 conjugated donkey anti-mouse IgG
(A-21428), and Alexa fluor 555 conjugated goat anti-rabbit IgG
(A-21202, Invitrogen). The slides were briefly counter-stained
and analyzed under the confocal fluorescence microscope (Carl-
Zeiss Micro Imaging Inc., Oberkochen, Germany).

2.7. Chromatin immunoprecipitation assay

Preparation of soluble Ishikawa chromatin for PCR amplification
was performed essentially as described [24]. Primers to amplify E-
cadherin promoter region containing three E-box domains are as
follows; forward, 5’-GTGAACCCTCAGCCAATCAG-3’; reverse, 5'-
TCACAGGTGCTTTGCAGTTC-3".

3. Results
3.1. E-cadherin expression is regulated by SIRT1 deacetylase

To determine the effect on E-cadherin expression, nonpolar
Ishikawa and RL95-2 cells were transfected with siRNA oligos. In
contrast to the previous study using breast cancer cell line MDA-
MB-231 [11] and prostate cancer cell line PC3 and DU145 [12],
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RNAi-mediated knockdown of SIRT1 expression resulted in a de-
creased expression of E-cadherin in endometrial cancer cell lines
(Fig. 1A, C). Thus our data demonstrate that SIRT1 has a critical role
in regulating the expression level of E-cadherin in endometrial
cancer cells. The forced expression of SIRT1 revealed that the in-
creased expression of SIRT1 resulted in an increased expression
of E-cadherin (Fig. 1B, D), confirming that E-cadherin expression
was paralleled by the SIRT1 expression. DBC1 is a negative regula-
tor of SIRT1 deacetylase function [15,16], and we investigated the
possibility that the regulation of E-cadherin expression by SIRT1 is
affected by DBC1. However, DBC1 expression remained unchanged
by siRNA-mediated knockdown of SIRT1. The result that SIRT1 is
able to stimulate E-cadherin expression led us to examine the role
of SIRT1 in the activation of E-cadherin promoter. Transient trans-
fection assays were performed using an E-box-wild type luciferase
[E-cad(—108)-Luc] or E-box-mutated [E-cad(—108)Mut-Luc] re-
porter plasmid, carrying minimum promoter region (—108
to+ 125 bp) for the E-cadherin expression. The E-box elements
(consensus sequence 5’-CANNTG-3’) were originally shown to be
binding regions of zinc-finger transcription factors such as SLUG
and SNAIL that repressed E-cadherin-driven reporter gene con-
structs and three E-box sites within the promoter have been dem-
onstrated to drive the expression of E-cadherin [23]. Although
SIRT1 efficiently elevated the promoter activity of the reporter
plasmid in 293T cells in a dose dependent manner, the transactiva-
tion function of SIRT1 was not observed by the expression of
E-cad(—108)Mut-Luc in luciferase assays (Fig. 1E). To test whether
SIRT1 is indeed recruited to E-cadherin promoter, we performed a
chromatin immunoprecipitation assay using the E-cadherin gene
promoter containing three E-box elements. As expected, clear
recruitment of endogenous SIRT1 to the target sequence in the
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E-cadherin promoter was observed (Fig. 1F). Thus our results sug-
gest that SIRT1 plays a significant role in the E-cadherin expres-
sion, and E-box domains were shown to be crucial for the SIRT1-
mediated expression of E-cadherin.

3.2. Stimulation of SIRT1 function increases the expression level of
SIRT1 and E-cadherin

We next hypothesized that expression of E-cadherin would be
regulated by small molecules that govern SIRT1 function. In con-
cordance with the previous report, SIRT1 expression was also stim-
ulated by resveratrol (Fig. 2A, B). Contrary to this, Ishikawa cells
exposed to sirtinol (Fig. 2C) and NAM (Fig. 2D) exhibited decreased
expression of E-cadherin in a dose-dependent manner. AICAR is an
AMPK activator and AMPK enhances SIRT1 activity by increasing
cellular NAD" levels [21]. We also showed that AICAR stimulated
E-cadherin and SIRT1 expression in Ishikawa and RL95-2 cells,
but the extent of increase by AICAR was relatively modest com-
pared to that by resveratrol (Fig. 2E). We further examined the li-
gand-induced transactivation function of E-cadherin promoter, and
the resveratrol-induced transactivation was dose-dependent with
a roughly estimated concentration value required for one-half
maximal activation (ECso) of about 10 uM (Fig. 2F).

3.3. SIRT1 expression and activity affect the spheroid attachment to the
Ishikawa cell monolayer

We next examined whether the expression of SIRT1 and its
activity affected the implantation capacity of Ishikawa cells using
an in vitro model of embryo attachment. Forced expression
of SIRT1 in Ishikawa cells exhibited a 1.3-fold increased number
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Fig. 1. E-cadherin promoter dependent regulation of E-cadherin expression by SIRT1 deacetylase. Ishikawa (A, B) and RL95-2 (C and D) cells were transfected with expression
vector of SIRT1 or indicated siRNA and analyzed by Western blotting. The immunoblotting analysis using anti-SIRT1 antibodies revealed that the expression of SIRT1
paralleled the expression of E-cadherin in cell lysates. (E) 293T cells were transfected with the indicated amounts of SIRT1 expression plasmids (pcDNA Flag SIRT1), and
transfected whole cell lysates were assayed for [uciferase activity produced from the reporter plasmid [E-cad(—108)-Luc or E-cad(—108) Mut-Luc]. SIRT1 showed a dose-
dependent stimulation of the transactivation function of E-cadherin promoter, while E-cadherin promoter possessing mutations within three E-box domains failed to show
activation function of SIRT1. (F) Chromatin immunoprecipitation assay was performed to confirm the recruitment of SIRT1 at E-cadherin gene promoter, a region containing

three E-box domains. AcH3 denotes acetylated histone H3.
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Fig. 2. Activation of SIRT1 using chemical compounds resulted in an increased expression of E-cadherin and SIRT1. Ishikawa (A, C, D, and E left panel) and RL95-2 (B, E right
panel) cells were treated with various doses of vehicle, SIRT1 activators (resveratrol and AICAR), and SIRT1 repressors (sirtinol and NAM). Twenty-four hours after treatment,
cells were harvested and protein expression of E-cadherin and SIRT1 was analyzed by Western blot. The immunoblotting analysis revealed that SIRT1 activators increased the
expression of E-cadherin and SIRT1 in cell lysates, while SIRT1 repressors decreased the expression of E-cadherin and SIRT1 in cell lysates. (F) 293T cells were transfected with
E-cad(—108)-Luc plasmids, and treated with various doses of resveratrol. Resveratrol showed a dose-dependent transactivation function of E-cadherin promoter.

of spheroids attached to the cell monolayers, while siRNA-medi-
ated depletion of endogenous SIRT1 resulted in a 4-fold decreased
uterine receptivity (Fig. 3B). Then we tested whether activation or
inactivation of SIRT1 may modulate the uterine receptivity. Ishika-
wa cells treated with resveratrol exhibited a 3.5-fold greater num-
ber of spheroids attached to cell monolayers compared with cells
treated with vehicle alone, while repression of SIRT1 by sirtinol re-
sulted in a 2-fold decrease in spheroid attachment to the Ishikawa
cell monolayer (Fig. 3D). Thus, the expression of SIRT1 and its
activity influenced on the initial attachment of embryos through
the mechanism involved in enhanced human uterine receptivity.
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3.4. Localization of E-cadherin and Glycodelin to sites of intercellular
contact is essential for initial attachment

To further pursue the role of resveratrol, other implantation
molecules such as Glycodelin and Survivin were examined. Glyco-
delin is a progesterone-induced glycoprotein secreted into uterine
luminal cavity by endometrial glands in secretory phase [4]. Survi-
vin is an anti-apoptotic molecule and is overexpressed in the
majority of human cancers [17], and is upregulated in early gesta-
tion [25]. We found significantly higher protein levels for Glycode-
lin in Ishikawa cells after resveratrol treatment but not for Survivin
(Fig. 4A, B). We further investigated whether resveratrol possesses
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Fig. 3. SIRT1 expression and activity affects uterine receptivity. Spheroid adhesion to Ishikawa cell monolayer was examined by in vivo spheroid attachment assay. (A)
Representative phase-contrast micrographs of JAR spheroids attached to Ishikawa cell monolayer. (B) Graph showing spheroid adhesion to Ishikawa cell monolayer.
Appropriate controls were also analyzed (scramble siRNA and empty pcDNA vector), and no significant difference was observed. (C) Representative phase-contrast
micrographs of JAR spheroids attached to Ishikawa cell monolayer. (D) Graph showing spheroid adhesion to Ishikawa cell monolayer after the treatment with chemical

compounds.
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Fig. 4. Expression of implantation-related proteins and colocalization of E-cadherin and Glycodelin in Ishikawa cells. (A, B) Ishikawa cells were treated with various doses of
resveratrol and protein expression of Survivin and Glycodelin was analyzed by Western blot. (C-F) In in vivo spheroid assay, colocalization of E-cadherin and Glycodelin was
examined by immunofluorescence study. (C and D) spheroids attached to the cell monolayer at 1 h (C) and at 24 h (D) are shown. (E, F) Three dimension views of attached
spheroids at 1 h (E) and at 24 h (F) are shown. Note that the colocalization signal (yellow; merge) is becoming intense. Bars indicate 100 pm. Results shown are representative

photographs.

an additional effect on the uterine receptivity compared with SIRT1
alone. Immunofluoresence study was performed to localize E-cad-
herin and Glycodelin expression at sites of intercellular contact un-
der the confocal microscopy. Although E-cadherin and Glycodelin
were expressed at sites of intercellular contact, colocalization sig-
nal was not significant in spheroid cells after 1h incubation
(Fig. 4C). However, both E-cadherin and Glycodelin are intensively
expressed and the degree of colocalization signal was significantly
elevated in spheroid cells showing dispersing morphological
changes after 24 h incubation (Fig. 4D), suggesting that E-cadherin
stimulates initial step of spheroid attachment and Glycodelin helps
to invade spheroids in endometrial lining. Since both SIRT1 expres-
sion and SIRT1 stimulation by chemical compounds increase
expression of E-cadherin and Glycodelin, these data confirmed that
SIRT1 plays pivotal roles in initial step of implantation.

4. Discussion

The studies of SIRT1 in uterine physiology are limited. A recent
study examined the SIRT1 and SIRT2 expression and regulation in

human intrauterine tissues {26]. In the present study, we report
the possibility that SIRT1 expression and SIRT1 function can regu-
late human implantation because the stimulation of E-cadherin
expression and small molecules that affect SIRT1 activities pro-
duced a substantial effect on spheroid attachment ability in an
in vitro model of endometrial receptivity in nonpolar endometrial
cancer cells. Our data was different from the previous observations
that SIRT1 is involved in epigenetic silencing of DNA-hypermethy-
lated tumor suppressor genes in breast cancer cells [11], and that
SIRT1 serves as a positive regulator of epithelial-mesenchymal
transition and metastatic growth of prostate cancer cells [12]. Fur-
ther investigation should be required to determine the mode of
regulation of E-cadherin expression whether this difference could
be simply attributed to the difference of cell line.

It is also interesting that resveratrol treatment resulted in an in-
creased expression of SIRT1 protein levels. Our previous study using
rat ovarian granulosa cells also demonstrated resveratrol treatment
was associated with an increased expression of SIRT1 [14]. The
enhancement of SIRT1 expression by resveratrol was considerably
potent compared to that by AICAR. This was consistent with the re-
port that the enhancement of SIRT1 expression by AICAR is at best

128



A. Shirane et al./Biochemical and Biophysical Research Communications 424 (2012) 604-610 609

1.3-fold {27]. Our data provided a novel anti-tumorigenic property
of SIRT1 activating chemicals because decreased E-cadherin expres-
sion has been identified in a wide variety of malignancies including
endometrial cancer [28]. While the underlying mechanism remains
elusive, it has been shown that resveratrol has the ability to activate
SIRT1 deacetylase activity [29], and resveratrol might have anti-
tumorigenic properties. It was reported that resveratrol inhibited
the proliferation of a wide variety of human cancer cell lines
through the induction of S-phase cell cycle arrest and apoptosis
[30] while presenting very low cytotoxicity in animal models. Inter-
estingly, low doses of resveratrol can sensitize cells to low doses of
cytotoxic anti-cancer drugs, therefore resveratrol is expected to
facilitate the efficacy of anticancer therapy in various human can-
cers [31].

Suberoylanilide hydroxamic acid (vorinostat), a HDAC inhibitor
drug utilized as an anti-cancer drug, has been shown to induce dif-
ferentiation of endometrial glandular cells and to increase the
expression of Glycodelin [4]. Glycodelin was postulated to be se-
creted from cell that exhibited interactions between spheroids
and endometrial lining (Ishikawa cells) because Glycodelin was
not found in cultured media from Ishikawa cells [32]. We believe
that both Glycodelin protein expression and E-cadherin protein
expression synergistically help to improve initial steps of implan-
tation, including attachment, adhesion, and invasion. Considering
the teratogenicity of vorinostat in the treatment of infertility, our
result is fascinating and may provide a possibility for the practical
use of resveratrol because adverse events associated with resvera-
trol intake were gastrointestinal symptoms alone {33]. The study
revealed that repeated administration of high doses of resveratrol
resulted in micromolar plasma concentrations. Therefore, our data
that elevated E-cadherin expression was observed at a dose of
micromolar concentrations of resveratrol can be tolerable and
accomplishing dose.

In conclusion, our data indicate that SIRT1 plays an important
role in regulating E-cadherin expression. Therefore, SIRT1-activat-
ing chemicals including resveratrol and AICAR would be novel
therapeutic targets for improvement of initial step of implantation,
thereby improvement of assisted reproductive technology success
can be expected. However, in view of the difference in the patho-
physiology of implantation between cultured cells (in vitro) and
human (in vivo), our data should be interpreted with caution and
the present observations should be further verified.
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Responsiveness of three subjective report of outcome
measures for chronic heart failure

Yan-bo Zhu', Hideki Origasa®, Xiao-xia Luo®, Yang-yang Wang', Jie Di*, Lin Lin*
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4. Department of Quality Management, China-Japan Friendship Hospital, Beijing 100029, China

OBJECTIVE: To compare the responsiveness of a newly designed symptom scale, the Chinese
Medical Symptom Rating Scale for Heart Failure (CMSRS-HF), with the Chinese version of
Minnesota Living with Heart Failure Questionnaire (MLHFQ) and the Medical Outcomes Study
Short-form 36 (SF-36), and provide basis for the selection of subjective outcome measures for
clinical evaluation of treatment of chronic heart failure by integrated traditional Chinese and
Western medicine.

METHODS: One hundred and fifty-six patients with chronic heart failure were recruited from
three clinical centers and were treated with Chinese herbal medicine based on syndrome classification.
The patients were classified with standard of New York Heart Association and evaluated with
CMSRS-HF, MLHFQ and SF-36. Three techniques for the guantification of responsiveness were
utilized. paired t-test, effect sizes (ES) and standardized response means (SRM) .
RESULTS.: a) After 2-week treatment, patients scored significantly lower in CMSRS-HF, while
scores of each dimension on MLHFQ and SF-36 increased significantly (P=0.000). b) ES of
CMSRS-HF was greater than 0.8; ES of physical and emotional dimensions and comprehensive
scores of MLHFQ were between 0.37 and 0.61; ES of each dimension, physical and emotional
domains, and comprehensive scores were between 0.14 and 0.49. ¢) SRM of CMSRS-HF was
greater than 0. 8; SRM of physical and emotional dimensions and comprehensive scores of MLHFQ
ranged from 0. 53 to 0. 92; SRM of each dimension, physical and emotional domains, and
comprehensive scores were between 0. 23 and 0. 83. d) By stratified analysis according to
NYHA classification, the acute patients (NYHA T, IV) were more sensitive to subjective
outcome measures.

CONCLUSION ;. Responsiveness of the newly designed CMSRS-HF is high. However, responsiveness
of MLHFQ and most dimensions in SF-36 is moderate. When evaluating clinical effects of integrated
traditional Chinese and Western medicine on chronic heart failure, different scales can be
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applied according to actual clinical presentations.

KEYWORDS: heart failure; outcome measures; responsiveness; integrated TCM WM; treatment
outcome; evaluation studies as topic

In the field of health evaluation, the measurement The patients were diagnosed by the Framingham

parameters must be checked for reliability, validity, criteria for chronic heart failure!® and classification
and responsiveness with appropriate scientific methods, standard of New York Heart Association (NYHA)!!.
in order to arrive at accurate and meaningful con- 1.1.2 Inclusion criteria (1) Signed the written
clusions. Only reliable and valid measurement informed consent; (2) NYHA classes I to IV;
standards should be used for evaluation. But in (3) NYHA stages B, C and D.
practical work, good reliability and validity are 1.1.3 Exclusion criteria (1) Congenital heart
insufficient. Clinical researchers often place most disease, psychosis, dementia or nerve disorders;
emphasis on objective health status outcomes of a (2) acute myocardial infarction within the last
therapeutic intervention, and ignore the other one month; (3) unstable angina within the last
subjective aspects affected by treatment, which one month; (4) pregnant patients; (5) severe liver
are also important for the patient. Therefore, and kidney dysfunction; (6) allergic constitution
clinical evaluation tools should have the ability to or multiple medication allergies.
detect small but significant changes in objective 1.2 Investigation method A 2-week longitudinal
and subjective health status over time. This ability, observational study was conducted to identify respon-
called responsiveness!™!, can help to determine siveness of the scales. The patients were treated
experimental design by optimizing the study with Chinese herbal medicine based on syndrome
scale, finding the selection priority of outcome differentiation and conventional anti-HF therapy,
measures in clinical evaluation, or reducing the named integrated traditional Chinese and Western
number of outcome measures. In this study, we medicine, for two weeks. Two surveys were
examined the selection of outcome measurements arranged, one each before and after the 2-week
in clinical evaluation by comparing the respon- study period.
siveness of three subjective outcome measures in 1.3 Investigation content (1) General condition:
evaluating the clinical efficacy of integrated tradi- gender, age, level of education, family history of
tional Chinese and Western medicine for treat- heart disease and the course of chronic heart failure.
ment of chronic heart failure. (2) Classification of chronic heart failure according
to NYHA.

1 Materials and methods (3) Chinese Medical Symptom Rating Scale for

1.1 Research objects A total of 156 patients Heart Failure (CMSRS-HF) : the rating scale includes
with chronic heart failure were recruited from 16 items, including palpitations, shortness of breath,
Integrated Traditional Chinese and Western Medicine wheezing, malaise and fatigue, chest pain, edema,
Center for Cardiovascular Diseases of China-Japan sweating, cough, expectoration, oliguria, abdominal
Friendship Hospital and Department of Cardiovascular distention, chills, anxiety, insomnia, poor appetite
Internal Medicine of Dongzhimen Hospital and and cyanotic lips. Score of each item is 0 to 3,
Dongfang Hospital affiliated to Beijing University ~ and the total score of CMSRS-HF is 0 to 48",

of Chinese Medicine in Beijing, from September Higher scores reflect worse quality of life
2009 to August 2011. All patients signed the written (QOL). Two surveys of CMSRS-HF were conducted
informed consent. by the study doctor before and after the course of
1.1.1 Diagnostic criteria and classification standard treatment.

Bk, BHR, SR BOASTATEMERLEOC I ERMERITHME. PHELSFM|. 2003; 1(1): 25-29.
Chen ZS, Dong YR, Hu WY. Clinical observation of the curative effect of Qiangxin Mixture on congestive heart failure. J
Chin Integr Med. 2003; 1(1): 25-29.

Free full text available at http://www. jcimjournal, com/Full Text2. aspx? articleID=128

PRECRD, MEY, RE, BE, BAR BEHEOLNREERTHREIDPEHERBR T ENEE. PAESS%¥IR. 2010; 8
(1. 7-14.

Chen CX, Gao JP, Wu Q, Guo J, Gu WL. Progress in treatment of chronic heart failure in Western medicine and treatment
strategies in traditional Chinese medicine. J Chin Integr Med. 2010; 8(1). 7-14.

Free full text available at http: //www. jcimjournal. com/FullText2. aspx? articleID=jcim20100102

More free related articles at http://www. jeimjournal. com/FullText2, aspx? articlelID=jcim20121207
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(4) Minnesota Living with Heart Failure Question-
naire (MLHFQ): MLHFQ was developed by Rector
et al'™ to systematically and comprehensively assess a
variety of physical and psychological aspects of
patients living with chronic heart failure, which
include activities of daily living, economic issues,
ability to work, enjoyment of leisure time activities,
relations with family and friends, sexual activity,
and depression. The MLHFQ is composed of 21 items
rated on a score from 0 (no effect) to 5 (very
much). Item ratings are summed for a total score
that can range from 0 (no effect) to 105 (very
much) which include physical domain (0 to 40),
emotional domain (0 to 25), and other domain
(0 to 40). Higher scores reflect worse QOL.
Transformation score of each domain ranges from
0 to 100. Higher transformation scores reflect better
QOL. Two surveys of MLHFQ were conducted on
the patient before and after the course of treatment.
Zhu et al®' developed the Chinese version of
MLHFQ, and evaluated its applicability in patients
with chronic heart failure in China. The Chinese
version of MLHFQ was approved by the Original
Scale Development Agency, University of Minnesota,
USA and Scale Management Agency, Mapi Research
Institute, France.

(5) Medical Outcomes Study Short-form 36 (SF-

36): SF-36 is composed of 36 questions developed
by Medical Outcomes Study in the 1980s!*). It
consists of physical health components (PCS) and
mental health components (MCS), which respectively
includes physical functioning (PF), role limitation
due to physical problems (RP) and bodily pain
(BP), general health (GH) and energy/vitality
(VT), social functioning (SF), role limitation
due to physical problems (RE), and mental health
(MH). Scores of each dimension range from 0 to
100. Higher scores reflect better health. Two surveys
of SF-36 were conducted on the patient before
and after the course of treatment. Gong et all'*
evaluated its applicability in the measurement of
QOL in patients with chronic heart failure in
China.
1.4 Statistical methods Paired t-test, effect sizes
(ES), and standardized response means (SRM)
were adopted to analyze the responsiveness of
these measurement tools (CMSRS-HF, MLHFQ,
and SF-36). The statistical analysis was completed
with SPSS 17. 0 and JMP 9. 0. The significance
level in paired t-test was set at P value less than
0.05. ES is defined as the score difference between
follow-up and baseline divided by the standard
deviation of the group’s baseline scores. The
score difference (between follow-up and baseline)
divided by the standard deviation of the group’s
score differences determines the SRM. The absolute
value of ES and SRM around 0. 2 indicates low
responsiveness, around 0. 5 indicates moderate
responsiveness, and greater than 0. 8 indicates
high responsiveness!'*!.

133

2 Results

2.1 General condition A total of 156 patients
(76 male (48.72%), 80 female (51.28%)) with
chronic heart failure participated in this study.
Age range was 27 to 83 years, with average age
69.35 ( 11.90) years. General information of the
patients is shown in Table 1.

Table 1 Baseline characteristics of 156 participants

. e Percentage
Characteristic Classification %) €
Experimental center China-Japan Friendship 58 37.18
Hospital
Dongzhimen Hospital 17 10.90
Dongfang Hospital 81 51.92
Gender Male 76  48.72
Female 80 51.28
Age (years) <59 32 20.51
60-69 29  18.59
70-79 66 42.31
=80 29 18.59
Education Primary school 44 28.21
Middle school 89  57.05
College degree or above 23 14.74
Payment (n=141, Free medical care 28 19.86
15 cases missing) Social medical insurance 104 73.76
Pay out-of-pocket 6 4.25
Others 3 2.13
Smoking history No 101 64.74
Yes 20 12.82
Quit 35 22.44
Alcohol history No 126 80.77
Yes 15 9.62
Quit 15 9.62
Family heart diseases No 120 77.92
s
HF course (n=150, <1 year 37 24.67
six cases missing) 1-4 years 46 30.67
5-9 years 26 17.33
=10 years 41 27.33
NYHA classification I 48 30.77
i 75 48.08
v 33 21.15

HF': heart failure; NYHA: New York Heart Association.

2.2 The responsiveness of subjective outcome measures

After 2 weeks of treatment with integrated tradi-
tional Chinese and Western medicine, the results
of paired t-test showed that score of CMSRS-HF
reduced significantly, and the scores of MLHFQ
and SF-36 scale increased significantly (P=0.005
for GH, P=0.000 for others). For ES, the CMSRS-
HF was more than 0.8; total score, physical domain
and emotional domain of MLHFQ ranged from
0.37 to 0. 61; the total score, each domain and
each dimension in SF-36 ranged from 0. 14 to
0.49. With regard to SRM, CMSRS-HF, physical
domain and total score of MLHFQ and physical
domain of SF-36 were more than 0. 8; emotional
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domain of MLHFQ was 0. 53; total score, MCS MH scores of SF-36 among NYHA ] patients and in
of SF-36 were 0.79 and 0. 59 respectively; each GH of NYHA [V patients. With regard to CMSRS-
dimension of SF-36 ranged from 0. 23 to 0. 58. HF, ES and SRM in different NYHA classifica-
Evaluation results of responsiveness were different. tions scored greater than 0.8, the NYHA [ and
See Table 2 for details. IV had better score. Regarding MLHFQ and SF-
2.3 The subjective outcome measures responsiveness 36, ES and SRM of patients with NYHA [l and
of different NYHA classifications After receiving IV were better than those of the NYHA I . In the
treatment with integrated traditional Chinese and evaluation of integrated traditional Chinese and
Western medicine, results of paired ¢-test displayed Western medicine in the treatment of patients
that CMSRS-HF score of NYHA classes I, Il and with chronic heart failure, we found that patients
IV reduced significantly (P=0.000), and scores of with NYHA JI and IV were more sensitive to
MLHFQ and SF-36 improved. The results showed subjective outcome measures. See Table 3 to 5 for
no significantly difference in PF, GH, VT, SF, and details.

Table 2 Responsiveness of CMISRS-HF, MLHFQ and SF-36 evaluated in 156 patients with chronic heart failure

Score (Mean=standard deviation) , Paired-z test
Measure Domain ES SRM ——r——
Before After Difference t value P value
CMSRS-HF CMSRS 16.60+8.45 8.10+5.25 —8.51£6.84 1.01 1.24 —15.52  0.000
MLHFQ Physical health 44.10%30.47 62.56+26.69 18.46+£19.97 0.61 0.92 11.54  0.000
Mental health 64.33126.64 74.10%£22.72 9.77£18.49 0.37 0.53 6.60 0.000
Comprehensive score 55.89424.84 68.53421.95 12.65+14.97 0.51 0.85 10.56 0.000
SF-36 Physical functioning 40.03+27.93 46.67+27.68 6.63:+13.56 0.24 0.49 6.11  0.000
Role-physical 36.94431.78 49.60431.33 12.66424.00 0.40 0.53 6.59 0.000
Bodily pain 59.98+28.41 73.794+23.62 13.81423.68 0.49 0.58 7.28 0.000
General health 41.06421.82 44.10+21.63 3.044+13.41 0.14 0.23 2.84 0.005
Energy/vitality 41.071+25.98 50.60+23.51 9.54419.38 0.37 0.49 6.14 0.000
Social functioning 58.49430.02 65.63426.93 7.131+24.68 0.24 0.29 3.61 0.000
Role-emotional 64.80432.00 76.661+26.24 11.86-+26.37 0.37 0.45 5.62 0.000
Mental health 67.69+£24.50 73.944+19.42 6.25+15.25 0.26 0.41 5.12  0.000
Physical health components 44.504+21.11 53.54+18.72 9.04410.91 0.43 0.83 10.35 0.000
Mental health components 58.01+22.71 66.714+19.25 8.69414.67 0.38 0.59 7.40  0.000
Comprehensive score 51.264£20.92 60.12+17.71 8.87£11.21 0.42 0.79 9.87 0.000

Total score of CMSRS-HF ranges from 0 to 48. Higher scores reflect worse quality of life. Transformation scores of MLHFQ and SF-36
range from 0 to 100. Higher scores reflect worse quality of life. CMSRS-HF: Chinese Medical Symptom Rating Scale for Heart Failure;
MLHFQ: Minnesota Living with Heart Failure Questionnaire; SF-36: Medical Outcomes Study Short-form 36; ES: effect sizes; SRM: standardized

response means.

Table 3 Responsiveness of CMSRS-HF, MLHFQ and SF-36 in 48 patients with NYHA I

Score (Mean=standard deviation) Paired-z test
Measure Domain ES SRM —rnr0——
Before After Difference t value P value
CMSRS-HF CMSRS 10.8345.97 5.27+3.14 —5.56+5.70 0.93 0.98 —6.76  0.000
MLHFQ Physical health 67.811+26.38 79.53+19.31 11.72417.80 0.44 0.66 4.56  0.000
Mental health 77.08+22.23 83.42417.70 6.33£12.70 0.28 0.50 3.46  0.001
Comprehensive score 74.38420.34 82.08+15.30 7.70+£11.96 0.38 0.64 4.46  0.000
SF-36 Physical functioning 65.00424.88 66.88+24.00 1.88+11.37 0.08 0.17 1.14  0.259
Role-physical 57.68+34.41 68.364-29.69 10.68+31.42 0.31 0.34 2.35 0.023
Bodily pain 62.63128.26 75.424+23.00 12.79-425.72 0.45 0.50 3.45 0.001
General health 47.63+23.75 48.65+22.72 1.02411.83 0.04 0.09 0.60 0.553
Energy/vitality 56.254-21.99  60.16--18.93 3.914+18.35  0.18 0.21 1.47  0.147
Social functioning 72.144+27.68 74.48423.20 2.34+18.71 0.08 0.13 0.87 0.390
Role-emotional 74.13+£29.59  83.68422.54 9.55+£29.52  0.32 0.32 2.24  0.030
Mental health 76.35420.31 79.06+15.39 2.71:’:13.49 0.13 0.20 1.39  0.171
Physical health components 58.23422.02 64.824+17.21 6.59-+11.20 0.30 0.59 4.08 0.000
Mental health components 69.72421.12 74.34415.27 4.63-+11.25 0.22 0.41 2.85 0.007
Comprehensive score 63.981+20.36 69.58+15.10 5.61+9.07 0.28 0.62 4.28  0.000

NYHA: New York Heart Association; CMSRS-HF: Chinese Medical Symptom Rating Scale for Heart Failure; MLHFQ: Minnesota
Living with Heart Failure Questionnaire; SF-36: Medical Outcomes Study Short-form 36; ES: effect sizes; SRM: standardized response means.
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Table 4 Responsiveness of CMSRS-HF, MLHFQ and SF-36 in 76 patients with NYHA 1T

Score (Meanz standard deviation)

Paired-¢ test

Measure Domain ES SRM
Before After Difference t value P value
CMSRS-HF CMSRS 17.13+7.72 8.15+4.01 —8.99+6.34 1.16 1.41 —12.27 0.000
MLHFQ Physical health 37.37425.83 58.90423.93 21.53+18.94 0.83 1.14 9.85 0.000
Mental health 62.88+25.54 72.321+22.54 9.44+19.25 0.37 0.49 4.25 0.000
Comprehensive score 51.33421.56 65.58420.17 14.264+14.94  0.66 0.95 8.27 0.000
SF-36 Physical functioning 31.93%+21.10 40.27+22.70 8.33+13.29 0.39 0.63 5.43  0.000
Role-physical 32.83427.13 47.92+27.48 15.08+20.88 0.56 0.72 6.25 0.000
Bodily pain 56.29427.25 70.72423.38 14.434+22.02 0.53 0.66 5.67 0.000
General health 39.00421.85 43.19421.66 4.19+15.15 0.19 0.28 2.39  0.019
Energy/ vitality 36.08%+25.35 48.00+24.41 11.92420.01 0.47 0.60 5.16 0.000
Social functioning 55.67429.01 64.83+26.69 9.17+26.98 0.32 0.34 2.94  0.004
Role-emotional 63.11431.10 77.33424.49 14.22-+23.84 0.46 0.60 5.17  0.000
Mental health 64.93425.05 73.67+19.16 8.73+15.86 0.35 0.55 4.77 0.000
Physical health components 40.02418.34 50.52+16.70 10.51410.77 0.57 0.98 8.45 0.000
Mental health components 54.95421.04 65.96+18.35 11.01£16.15 0.52 0.68 5.90 0.000
Comprehensive score 47.48+18.77 58.24+16.11 10.76+12.25 0.57 0.88 7.61 0.000
NYHA: New York Heart Association; CMSRS-HF: Chinese Medical Symptom Rating Scale for Heart Failure; MLHFQ: Minnesota

Living with Heart Failure Questionnaire; SF-36: Medical Outcomes Study Short-form 36; ES: effect sizes; SRM: standardized response means.

Table 5 Responsiveness of CMSRS-HF, MLHFQ and SF-36 in 33 patients with NYHA [V

Score (Mean= standard deviation)

Paired-¢ test

Measure Domain ES SRM

Before After Difference t value P value

CMSRS-HF CMSRS 23.79%7.22 12.09+7.31 —11.70+7.88 1.62 1.48 —8.53 0.000
MLHFQ Physical health 24.92424.55 46.214+28.97 21.294+23.28 0.87 0.91 5.25 0.000
Mental health 49.09+26.42 64.61425.34 15.52+22.58 0.59 0.69 3.95 0.000
Comprehensive score 39.34421.47 55.53424.05 16.194+17.41 0.75 0.93 5.34 0.000

SF-36 Physical functioning 22.12+20.46 31.82427.12 9.70415.56 0.47 0.62 3.58 0.001
Role-physical 16.104+17.82 26.14+24.73 10.04+17.47 0.56 0.57 3.30 0.002

Bodily pain 64.51+30.92 78.39+24.78 13.88+24.92 0.45 0.56 3.20 0.003

General health 36.18+16.61 39.58419.20 3.39+11.16 0.20 0.30 1.75 0.090

Energy/ vitality 30.30423.44 42.61423.57 12.31+18.19 0.53 0.68 3.89 0.000

Social functioning 45.08+28.46 54.55428.78 9.47+26.52 0.33 0.36 2.05 0.049
Role-emotional 55.05+34.67 64.90+31.37 9.85+27.36 0.28 0.36 2.07 0.047

Mental health 61.36126.08 67.124+23.29 5.76+15.62 0.22 0.37 2.12 0.042

Physical health components 34.73415.51 43.98+17.64 9.25£10.46 0.60 0.88 5.08 0.000

Mental health components 47.95+22.06 57.29422.21 9.35+14.68 0.42 0.64 3.66 0.000
Comprehensive score 41.34+17.84 50.64+18.67 9.30£10.80 0.52 0.86 4.95  0.000

CHF: chronic heart failure; NYHA: New York Heart Association; CMSRS-HF: Chinese Medical Symptom Rating Scale for Heart
Failure; MLHFQ: Minnesota Living with Heart Failure Questionnaire; SF-36: Medical Outcomes Study Short-form 36; ES: effect sizes; SRM:

standardized response means.

3 Discussion

3.1 Subjective outcome measure and responsiveness

QOL is an important consideration for patients
with chronic heart failure. These patients and
their families already bear the burden of high
financial costs and complicated medical management,
which are compounded by the emotional stress of
the chronic heart failure patients’ deterioration in
symptoms, physical decline, side effects of treat-
ments, and repeated hospitalizations. Therefore,
proper case management of patients with chronic
heart failure must focus on not only preventing
further deterioration of heart function, and reducing
repeated hospitalization rates and mortality, but
also helping the patients alleviate suffering, enhancing
physical function, and improving general QOL.
One way to accurately assess treatment outcomes
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for patients with chronic heart failure is by using
the therapeutic effect outcomes of integrated
traditional Chinese and Western medicine, which
take into account patient-reported outcomes, doctor-
reported outcomes, caregiver-reported outcomes
and laboratory indicators reflecting physiological
or pathological changes.

Clinical evaluation is placing increasing weight
on subjective outcome measures, which are selected
based on demonstration of validity and reliability.
The health care workers and researchers in a clinical
study usually focus more on objective outcomes of
specific effective therapeutic interventions. But,
to evaluate any given therapy’s clinical curative
effect, many scholars believe that responsiveness,
which takes into account subjective and psychological
aspects of patient evaluation, is an equal or even
more important feature of measurement. Respon-
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siveness is defined as the capability of a given
scale to measure longitudinal change over time in
a specific areal"**!. There are at least 25 different
definitions and 31 different measurement parame-
ters'*®, which are still in dispute within this academic
discipline. This study focused on the standard
scales of patient-reported outcomes (MLHFQ and
SF-36) and doctor-reported outcomes ( CMSRS-
HF), which reflected the clinical evaluation of
integrated traditional Chinese and Western medicine
in the treatment of chronic heart failure. Paired
t-test, ES and SRM were used to calculate various
aspects of the responsiveness of MLHFQ, SF-36
and CMSRS-HF.

3.2 Paired rtest before and after intervention Paired
t-test is a commonly used method in the evaluation of
efficacy. After 2 weeks of treatment with Chinese
herbal medicine and conventional therapy, the to-
tal sample score significantly decreased in CMSRS-HF
(16.6048.45 vs 8.10%+5.25); scores of physical
health domain (44.10430.47 vs 62.56+26.69),
mental health domain (64.331+26.64 vs 74.10=+
22.72) and comprehensive score (55.89124. 84
vs 68.53+21.95) in MLHFQ significantly increased.
Scores of PCS (44.50+21.11 vs 53.54+18.72),
MCS (58.01+22.71 vs 66.711+19.25), compre-
hensive score (51.26120.92 vs 60.12417.71)
and 8 dimensions in SF-36 significantly increased
(GH: P=0.005; others: P=0.000). After 2 weeks
of treatment, different NYHA classifications except
PF, GH, VT, SF, MH of NYHA Il and GH dimension
of NYHA IV, as well as others of SF-36 all showed
varying degrees of statistical significance.

3.3 ES and SRM The null hypothesis of a paired
t-test is that the difference before and after a
treatment is zero (no difference). Statistically
significant results are more likely with increasing
sample size, but the ¢ values and P values of a
paired ?-test cannot be used to evaluate responsiveness.
In order to overcome the deficiencies of the paired
t-test, two evaluating indices of responsiveness
(ES and SRM) were utilized in our research. Generally
speaking, an absolute value of ES and SRM around
0.2 indicates low responsiveness; around 0.5 indicates
moderate responsiveness; greater than 0.8 indicates
high responsiveness!’®!. ES evaluation results of
our study showed that total sample score of CMSRS-
HF was greater than 0. 8; physical domain and
emotional domain of MLHFQ ranged from 0. 37
to 0.61; total score, each domain and each dimension
in SF-36 ranged from 0. 14 to 0.49. Comparing
three subjective outcome measures in different
NYHA classifications revealed that the ES evalua-
tion results of NYHA [l and IV were better than
those of NYHA [I. Evaluation results of SRM
indicated that the CMSRS-HF was greater than 0. 8;
total score, physical domain and emotional domain
of MLHFQ ranged from 0. 53 to 0. 92; PCS,
MCS, comprehensive score and 8 dimensions in
SF-36 ranged from 0. 23 to 0.83. Comparing three
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subjective outcome measures in different NYHA
classifications, the results revealed that the SRM
evaluation results of NYHA [l and IV were better
than those of NYHA II.

The results of this study show that responsiveness
of CMSRS-HF (doctor-reported outcome) is high,
and the responsiveness of MLHFQ ( patient-reported
outcome) and most dimensions in SF-36 (patient-
reported outcome) are moderate. When evaluating
clinical effect of integrated traditional Chinese
and Western medicine on chronic heart failure,
the patients with NYHA class [l or [V are more
sensitive to these three subjective outcome measures.
Selection of appropriate outcome measure should
be based on the actual clinical situation
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KEE, WEEM, BRRE®, THF, gFE', Akt
1 ERFPEHRFEEER, JLE 100029

2. BILKREFEZEAEPFEIH, HE Fib 930-0152

3. EEREALTAERE, B 200032

4. PERFERTREEEERPAZE, JLFE 100029

B - LE3ATHEELECBT BRI ERENARESGE R ER, AE LY F 2 R H 4 % (Chinese
Medical Symptom Rating Scale for Heart Failure, CMSRS-HF) . ¥ B # 3 & b § F 4 |5 % (Minnesota
Living with Heart Failure Questionnaire, MLHFQ) ., § ¥ # & 3k W |5 #% (Medical Outcomes Study Short-
form 36, SF360) MK BE, AFHEL A RTRINERH RO B FREKE.
FiE:NA3AERARFPOBER IS6CHABRCARBELEEHAE . RABTHEZERNEN B K
i & (effect size, ES)FuAz ¥ K M 3 # (standardized response means, SRM) 4 K & J&F
GR.(DFIHEZATH2ARE YEERITFLFAEXRRL EFHIK MLHFQ 5 k¥R . FH# AR RELF L
BEAE;SF36 M ENEEREBFR CEHR AL BREFATP=0.0000, )P EERTLXH ES
xF 0.8, MLHFQ % 415 . 1F # 9B K %4 %4 th ES 4 0.37~0.61,SF-36 ty 8 N4 K & B4 0
B W ESH 0.14~0.49, (AR EH$H SRM: F EERIFL %K AT 0.8, MLHFQ & &40 .
HHAR B E /A K 0.53~0.92,SF-36 th 8 MEE R A EFR O EFR.E L H 0.23~0.83, (DFH
NYHA 2 R 2 BEAM 4 ZNREL R EXZRAFHEL BT F . EEWNHYALLNVZO B MO X EHR,
ZR.PEERTLXRANERF MLHFQ R N EEF,SF-36 ABLQEEINEEF. BREL A FEBF
BEZAERT PN, TRELFHFALBEEALRANE R TN ER.

KR OHKE; FREXR; REE; PEHESE4; BWER; THHRED
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