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Liuwei Dihuang pill cures postmenopausal
osteoporosis with kidney-Yin deficiency
Potential therapeutic targets identified based on gene
expression profiling
Feng Xu, MDa, Feng Gao, MDb,∗

Abstract
This study aimed to investigate the potential therapeutic targets of Liuwei Dihuang pill (LDP) in the treatment of postmenopausal
osteoporosis with kidney-Yin deficiency (PMO-KY).
Gene expression data were downloaded from the GEO database, including 4 PMO-KY samples and 3 healthy postmenopausal

controls from GSE56116, as well as 3 PMO-KY samples before LDP treatment and 3 PMO-KY samples after three months of LDP
treatment from GSE57273. Limma package was used to identify differentially expressed genes (DEGs). Afterwards, the potential
target genes of LDP (namely key DEGs) were identified according to the comparison of DEGs in PMO-KY group and the DEGs in LDP
treatment groups. Subsequently, iRegulon plugin in Cytoscape software was used to predict potential transcription factors (TFs) that
regulated the key DEGs, and Comparative Toxicogenomics Database was utilized to identify known PMO-related genes among the
key DEGs.
Totally, 202 and 2066 DEGs were identified between PMO-KY and controls, as well as after-treatment and before-treatment

groups, respectively. Among them, 52 DEGswere up-regulated in PMO-KY but down-regulated after LDP treatment, and 8 TFs were
predicted to these DEGs. Furthermore, 34 DEGs were down-regulated in PMO-KY but up-regulated after treatment, and 7 TFs were
predicted to regulate these DEGs. Additionally, 43 of the 86 key DEGs were known PMO-related genes.
NCOA3, TCF4, DUSP6, PELI2, and STX7 were predicted to be regulated by HOXA13. In the PMO-KY treatment, NCOA3, TCF4,

DUSP6, PELI2, and STX7 might be the potential therapeutic targets of LDP. However, further investigation is required to confirm
these genes.

Abbreviations: AU = approximately unbiased, BMD = bone mineral density, BP = bootstrap probability, CTD = Comparative
Toxicogenomics Database, DEGs = differentially expressed genes, Dusp6 = dual specificity phosphatase 6, hMSC = human
mesenchymal stem cells, LDP = Liuwei Dihuang pill, PMO = postmenopausal osteoporosis, PMO-KY = PMO with kidney-Yin
deficiency, TFs = transcription factors.
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1. Introduction

Postmenopausal osteoporosis (PMO) is characterized by deteri-
oration of bone microarchitecture and chronic decrease of bone
mass, and it generally leads to osteoporotic fracture, a major
cause of disability and mortality in elderly women.[1] Approxi-
mately 40% of postmenopausal women suffer from PMO, and
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patients with PMO may steadily increase in future due to
population ageing.[2] PMO is a chronic and progressive process
that involves osteocytes, lining cells, osteoclasts, osteoblasts, T
lymphocytes, and so on. From the perspective of traditional
Chinese medicine, kidney deficiency is considered as one of the
factors causing PMO.[3] According to the “Dialectical reference
standards of traditional Chinese medicine deficiency syn-
drome,”[4] patients with at least 3 symptoms of “aching pain
in spinal column,” “limp in shin or pain in heel,” “tinnitus or
epicophosis,” “hair loss or gomphiasis,” “dribble of urine or
urinary incontinence” and “sexual dysfunction” are diagnosed
with kidney deficiency. If the patients with kidney deficiency
simultaneously have three of the symptoms “dysphoria in
chestpalms-soles,” “mouth and throat dry,” “red tongue or
little coating” and “pulse breakdown,” as well as one of the
symptoms “hectic fever at afternoon,” “coprostasis or red-yellow
urine” and “night sweat,” they will be diagnosedwith kidney-Yin
deficiency.
Currently, worldwide approved therapeutics for PMO are

vitamin D, bisphosphonates (eg, alendronate, zoledronate,
ibandronate, and risedronate), selective estrogen-receptor
modulators, parathyroid hormone, anti-RANKL, calcitonin,
parathyroid hormone (PTH1-84), teriparatide (PTH1-34),
denosumab, menatetrenone, alfacalcidol, and strontium rane-
late.[5–8] However, drug intolerance, adverse effect, or price of
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these drugs limit their application and effectivity. Liuwei
Dihuang pill (LDP), a traditional Chinese medicine formula with
a history of thousands of years, is an effective but lower-cost
therapeutic for PMO, especially the PMO with kidney-Yin
deficiency (PMO-KY).[9–12] After 12 weeks of treatment with
LDP, serum levels of osteocalcin and alkaline phosphatase were
decreased, and bone mineral density (BMD) of femurs and
biomechanics of lumbar vertebra were improved in a PMO rat
model.[10] With a 95% curative rate, LDP can increase BMD,
inhibit bone absorption, and promote bone formation in clinic.[9]

As LDP is a complex drug that is composed of 6 Chinese crude
herbs, studies have been conducted to investigate its therapeutic
mechanisms. Xia et al[10] suggested that LDP might alleviate
PMO via up-regulating b-catenin, Runx2, Lrp-5, and Osx that
were involved in canonical Wnt/b-catenin signaling pathway in
osteoblast. Based on microarray analysis, Xie et al identified that
PRLR, INSR, ASB1, CLCF1, PROK2, GPR27, C3orf35, JUN,
and JUNB were down-regulated in patients with PMO-KY
compared with healthy postmenopausal women, while ASB1,
CLCF1, JUN, and JUNB were significantly up-regulated after
LDP treatment for 3 months.[13,14] In addition, 25 genes were
differentially expressed in monocytes in peripheral blood of
PMO-KY patients after LDP treatment, including the genes
associatedwith immune response (eg, PRL, PRLR,OSM, ISG15,
and IL4R), cell growth (eg, F2 and SOCS3), JAK/STAT pathway
(eg, PIAS1 and SOCS4), and SH3/SH2 adaptor (eg, SRC and
STAM), as well as regulator genes that interact with STAT
proteins (eg, JUN, JUNB, SMAD3, SMAD5, SMAD4, SP1, and
YY1).[13] However, these studies mainly focus on several genes,
and regulatory mechanism of gene expression like transcription
factor (TF) has not been studied. Thus, the precise therapeutic
mechanisms of LDP in treatment of PMO-KY have not been fully
understood.
In the present study, comprehensive bioinformatics methods

were utilized to re-analyze 2 microarray datasets uploaded to the
Gene Expression Omnibus (GEO) by Xie et al[10] (http://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE56116; http://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE57273) As a
consequence, potential target genes of LDP in the treatment of
PMO-KY were identified, providing a novel direction for drug
design in future.
2. Materials and methods

2.1. Microarray data

Gene expression data about PMO-KY were obtained from the
GEO database, including datasets GSE56116 (http://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE56116) and GSE57273
(http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
GSE57273). The dataset GSE56116 contained 4 peripheral
blood samples from PMO-KY patients, 3 samples from PMO
patients with kidney Yang deficiency, 3 samples from PMO
patients without kidney deficiency, and 3 healthy postmeno-
pausal controls. Only the 4 PMO-KY samples (PMO-KY group)
and 3 healthy postmenopausal controls (control group) were
utilized for this analysis as our study focused on only PMO-KY.
Their average age were 61.15±4.381 years old, GSE57273
contained 6 peripheral blood samples from 3 PMO-KY patients
before LDP treatment (n = 3, before-treatment group) and after 3
months of LDP treatment (n=3, after-treatment group). Both
GSE56116 and GSE57273 data were produced by the platform
of Agilent-014850 Whole Human Genome Microarray 4x44K
2

G4112F (Feature Number version). They were approved by ethics
committee Fujian Academy of Traditional Chinese Medicine.
2.2. Data preprocessing

As GSE56116 and GSE57273 included only Agilent chips with
single-channel, the Agilent one-color method in limma package
(version 3.26.3, http://www.bioconductor.org/packages/3.0/
bioc/html/limma.html)[15] was utilized to preprocess microarray
data, including background correction, normalization between
arrays, condensation of microarray data, transformation of
probes into gene symbol, and expression calculation.
2.3. Identification of DEGs

Unpaired t-test method in limma package[15] was utilized to
obtain the DEGs between PMO-KY and control groups, as well
as after-treatment and before-treatment groups. Only DEGs
with jlog2 fold changej ≥ 0.5 and P < .05 were considered as
significant DEGs, and they were clustered using g-plots package
(version 2.4)[16] based on their expression levels.
2.4. Prediction of potential target genes of LDP

Based on the DEGs between PMO-KY and control groups, as
well as DEGs between after-treatment and before-treatment
groups, the key DEGs with opposite change patterns were
identified using online software Venn-Diagram-online (http://
www.bioinformatics.lu/venn.php#userconsent#). Expression
change patterns of these DEGs between PMO-KY and control
groups were different from those between after-treatment and
before-treatment groups, indicating that they might be the target
genes of LDP in the treatment of PMO-KY. In order to verify the
accuracy of these key DEGs, Pvclust package (version 1.2-1,
https://cran.r-project.org/)[17] was utilized to cluster these DEGs.
This package provides approximately unbiased (AU) P value, as
well as bootstrap probability (BP) value. AU P value is calculated
using multi-scale bootstrap resampling, whereas BP value is
calculated using normal bootstrap resampling. Results based on
AU p-value are more accurate than those based on BP value. In
this study, Pvclust-clusters with AU P value > 95% were
considered as significant clusters.
2.5. Functional analysis of key DEGs based on literature
mining

For the key DEGs identified above, literature mining was
performed using “Gene Cluster With Literature Profiles”module
in the online software GenCLiP 2.0 (http://ci.smu.edu.cn/)[18] to
investigate their bio-functions. The corresponding criteria were
Hit ≥ 3 and P value < .05. “Gene Cluster With Literature
Profiles” module can use a fuzzy cluster algorithm to generate
statistically over-represented keywords and thus to annotate the
input genes, and Medline abstracts are utilized to link genes and
keywords.
2.6. Construction of TF-DEG regulatory network

iRegulon uses a genome-wide ranking-and-recovery approach to
enrich TFs and their optimal targets based on TRANSFAC,
ENCODE, HOMER, JASPAR, and SwissRegulon databases,
and it is generally utilized to construct transcriptional regulatory
network. Therefore, iRegulon plugin[19] in Cytoscape (version
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2.8; http://cytoscape.org) was applied to predict the potential
TFs targeting the key DEGs identified above. The criteria for this
analysis were false discovery rate on motif similarity � 0.001,
identity between orthologous genes ≥ 0.05, and normalized
enrichment score (NES) > 4.
2.7. Known PMO-related genes

The Comparative Toxicogenomics Database (CTD; http://
ctdbase.org/)[21] records various disease-related genes based on
precise document processing and drug-target prediction. To
examine whether the identified key genes were known PMO-
related genes, CTD database was used to search genes related to
“postmenopausal osteoporosis” at November 18, 2015.
Figure 1. DEGs and key DEGs. A, Heatmaps of the 202 DEGs between PMO-KY
and before-treatment groups. Blue stands for low expression level, whereas sand
PMO-KY and control samples. D, Clustering of the 86 key DEGs in after-treatment a
and green letters on the edge represent BP value (%). AU P-value > 95% are hig
value=bootstrap probability value, DEGs=differentially expressed genes, LDP=
deficiency.
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3. Results

3.1. Identified DEGs

After data preprocessing, an expression matrix containing
12132 genes was generated from both GSE56116 and
GSE57273. A total of 202 DEGs were identified between
PMO-KY and control groups, including 101 up- and 101 down-
regulated DEGs. Furthermore, 2066 DEGs were identified
between After-treatment and Before-treatment groups, including
1157 up- and 909 down-regulated DEGs. After clustering
analysis, the 202 DEGs clearly classified the PMO-KY and
control samples (Fig. 1A), whereas the 2066 DEGs clearly
distinguished the After-treatment and Before-treatment samples
(Fig. 1B).
and control groups. B, Heat maps of the 2066 DEGs between after-treatment
y brown represents high expression level. C, Clustering of the 86 key DEGs in
nd before-treatment samples. Red letters on the edge stand for AU P-value (%),
hlighted by red rectangles. AU P-value=approximately unbiased P-value, BP
Liuwei Dihuang pill, PMO-KY=postmenopausal osteoporosis with kidney-Yin
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3.2. Potential target genes of LDP

After comparing the 202 DEGs with the 2066 DEGs, a total of 86
genes were identified as key DEGs. Among these genes, 52 DEGs
were up-regulated in PMO-KY but down-regulated after LDP
treatment, and 34 DEGs were down-regulated in PMO-KY but
up-regulated after LDP treatment. These DEGs might be the
target genes of LDP. After clustering analysis, PMO-KY and
control samples (Fig. 1C), as well as after-treatment and before-
treatment samples (Fig. 1D), were clearly distinguished based on
the 86 key DEGs, indicating the specificity of these DEGs. The
total key DEGs are shown in Supplementary Table 1, http://links.
lww.com/MD/C360.
3.3. Potential functions of the key DEGs

Based on literature mining, a total of 22 functions were enriched
by the 52 key DEGs that were up-regulated in PMO-KY but
down-regulated after LDP treatment (Fig. 2 A and Table 1).
These functions were mainly related to immune response and cell
death. Furthermore, 14 functions were enriched by the 34 key
DEGs that were down-regulated in PMO-KY but up-regulated
after LDP treatment (Fig. 2B and Table 1). These functions were
mainly associated with cell growth, apoptosis, and immune
response.

3.4. TF-DEG regulatory networks

Based on TRANSFAC, ENCODE, HOMER, JASPAR, and
SwissRegulon databases, 8 TFs were predicted to regulate 38 of
Figure 2. Functions of the 86 key DEGs. A, Functions enriched by the 52 key DEG
genes.
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the 52 key DEGs (Fig. 3A), and 7 TFs were predicted to target 27
of the 34 key DEGs (Fig. 3B). Expression levels of the TFs
identified here were not significantly changed in PMO-KY or
during the LDP treatment. In TF-DEG regulatory network of the
52 key DEGs, 7 DEGs (eg,NCOA3, TCF4,DUSP6, PELI2, and
STX7) were predicted to be regulated by at least 5 TFs (Fig. 3A).
Among them, all of NCOA3, TCF4, DUSP6, PELI2, and STX7
were predicted to be regulated by HOXA13 (target number=
11). Additionally, in TF-DEG regulatory network of the 34 key
DEGs, 2 DEGs were targeted by at least 5 TFs (Fig. 3B).

3.5. Known PMO-related genes

Based on CTD database, 43 of the 86 key DEGs had been
previously found to be associated with PMO (Table 2). Among
the 43 known PMO-related genes, 37 genes were present in TF-
DEG regulatory networks, such asNCOA3, TCF4, andDUSP6.
In addition, PELI2 and STX7 were not known PMO-related
genes, indicating that they were novel genes identified in this
study.
4. Discussion

As a worldwide health problem associated with population
ageing, PMO seriously impairs the quality of life and causes
disability and mortality in postmenopausal women.[2] LDP, a
traditional Chinese medicine, can effectively cure PMO and
PMO-KY.[9–12] However, its therapeutic mechanisms underlying
the treatment of PMO-KY have not been fully understood. Based
on bioinformatics approaches, we re-analyzed the microarray
data about PMO-KY and LDP treatment. As a result, 86
s. B, Functions enriched by the 34 key DEGs. DEGs=differentially expressed
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Table 1

Functions enriched by the 86 key DEGs.

Key DEGs Cluster Keyword P Gene list

52 key DEGs #Single1 Immune response .000912 AGPAT9; CD93; CRHR2; DUSP6; FTHL17; GLIPR1; IGSF6; LILRB2; MTPN;
PELI2; SAMHD1; SYK; TLR6; XAF1

#Cluster1 Trans golgi network .036921 AP1S2; PLEKHB2; STX7
Recycling endosome .000268 PLEKHB2; RAB11FIP1; RAB11FIP2; STX7
Recycling .000111 PLEKHB2; RAB11FIP1; RAB11FIP2; STX7

#Cluster2 Macrophages .003131 CD93; SAMHD1; SYK; TLR6
Innate immune system .000464 CD93; PELI2; SAMHD1; SYK; TLR6
Innate immune response .002923 CD93; PELI2; SAMHD1; SYK; TLR6

#Cluster3 Reactive oxygen species .020588 ABCB10; CERS6; DUSP6; GLIPR1; PDP1; SYK; TLR6; XAF1
Cell death .000391 ABCB10; CD93; CERS6; DUSP6; GLIPR1; HIPK2; MTPN; NIPSNAP3B; PDP1;

RYBP; SPTLC2; SRP72; SYK; TCF4; TLR6; XAF1; ZNF124
#Cluster4 Endosomal .004525 RAB11FIP1; RAB11FIP2; STX7

Endocytic .002645 RAB11FIP1; RAB11FIP2; STX7
#Cluster5 Cyclin dependent kinase .003600 CKAP4; HIPK2; MTPN; NCOA3; SAMHD1; XAF1

Kinase inhibitor .047987 CHIC2; DUSP6; HIPK2; MTPN; NCOA3; SYK; XAF1
#Cluster6 Macrophage activation .008234 AGPAT9; SYK; TLR6

Adaptive immune response .038775 LILRB2; SYK; TLR6
#Single2 Cell growth .021529 AGPAT9; CERS6; DUSP6; GLIPR1; HIPK2; MTPN; NCOA3; PABPC1; PDP1;

SPTLC2; SYK; TCF4; XAF1; YBX3
#Single3 Endoplasmic reticulum .024087 ABCB10; AGPAT9; CERS6; CKAP4; SPTLC2; SRP72; SSFA2; STX7; SYK;

TCF4
#Single4 Epidermal growth factor .030364 CD93; DUSP6; NCOA3; RAB11FIP1; RAB11FIP2; SYK; TCF4; XAF1
#Cluster7 Apoptotic .028590 HIPK2; RYBP; XAF1

Induction of apoptosis .038768 GLIPR1; HIPK2; RYBP; XAF1
#Single5 Comparative genomic hybridization .039107 ABCB10; PLEKHB2; SLC35E3; TCF4
#Single6 Plasma membrane .044378 CERS6; CKAP4; IGSF6; PDP1; PLEKHB2; RAB11FIP1; RAB11FIP2; RYBP;

SPTLC2; STX7; SYK; TLR6; YBX3
34 key DEGs #Single1 Type 1 diabetes .000816 IL21R; SOX13; UBASH3A; XYLT2; ZAP70

#Single2 Immune response .002232 C12orf57; CD320; DUSP2; IL21R; MAP3K10; PRSS23; S1PR4; SOX13;
SPTAN1; UBASH3A; ZAP70

#Cluster1 Map kinase .000134 DUSP2; EBP; MAP3K10; PEBP1; TBCD; ZAP70
Mitogen activated protein .030215 DUSP2; EBP; MAP3K10; PEBP1; S1PR4; SMPD3; ZAP70
Signal transduction .003834 DUSP2; DYNLL2; EBP; IL21R; MAP3K10; PEBP1; RASGEF1A; S1PR4;

SPTAN1; SRRT; TRERF1; ZAP70
Cell growth .004140 C12orf57; CACNA2D2; CD320; CDC26; EBP; IL21R; MAP3K10; PEBP1;

S1PR4; SMPD3; TBCD; ZAP70
#Cluster2 Protein tyrosine phosphatase .004740 DUSP2; FN3KRP; UBASH3A; ZAP70

Phosphatase activity .001792 FN3KRP; SLC37A4; TRERF1; UBASH3A; ZAP70
#Single3 Autoimmune .003451 IL21R; SOX13; SPTAN1
#Cluster3 Signal transducer .020632 EBP; IL21R; RASGEF1A; ZAP70

Tumor necrosis factor .046440 C12orf57; EBP; IL21R; PEBP1; SMPD3; SPTAN1; ZAP70
Apoptosis .015448 DYNLL2; IL21R; MAP3K10; PEBP1; SMPD3; SPTAN1

#Single4 Kinase activity .045562 AK1; DMPK; FN3KRP; MAP3K10; PEBP1; ZAP70
#Single5 Polymorphism .047581 CD320; ERCC5; XYLT2

Letters in bold represent known PMO-related genes among the 86 key DEGs. DEGs=differentially expressed genes, PMO=postmenopausal osteoporosis.
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potential target genes of LDP in the treatment of PMO-KY were
identified. Specially, NCOA3, TCF4, and DUSP6 were known
PMO-related genes, whereas PELI2 and STX7 were newly-
identified genes that might be related to PMO-KY. Additionally,
NCOA3, TCF4,DUSP6, PELI2, and STX7were predicted to be
targeted by HOXA13.
NCOA3, namely, SRC3 orAIB1, encodes nuclear receptor co-

activator 3 that is important in bone and mineral metabolism.
NCOA3 interacts with osteoporosis-related nuclear hormone
receptors (eg, vitamin D and thyroid hormone receptors) ,[22] and
it is associated with lumbar spine BMD.[23] Furthermore,
NCOA3 is located within chromosomal genomic regions for
femoral neck cross-sectional geometric variables that are risk
factors of osteoporosis.[24] Furthermore, NCOA3 has also been
reported to be located within quantitative trait locus of BMD in
the mouse genome.[25] These studies suggested thatNCOA3 was
5

associated with low BMD. In this study, NCOA3 was
upregulated in PMO-KY samples, and became downregulated
after LDP treatment, indicating thatNCOA3might be a potential
target of LDP.
TCF4, also referred to as Tcf7L2, encodes transcription factor

4 (Tcf4), which is a nuclear effector of the Wnt signaling, which
integrates with Notch signaling and BMP signaling pathways in
osteoblast differentiation.[26]Tcf4 is a final target of Wnt-
dependent cellular control in osteoblast survival, growth,
proliferation, function, and differentiation.[26,27] In the present
study, TCF4 was upregulated in PMO-KY samples, and became
downregulated after LDP treatment. A similar previous study has
found that TCF4 is up-regulated in human mesenchymal stem
cells (hMSC) from osteoporotic donors in responding to 10%
uniaxial cyclic tensile strain that is able to promote osteogene-
sis.[28] Although there is no any other evidence that TCF4 is a

http://www.md-journal.com


Figure 3. TF analysis of the 86 key DEGs. TF regulatory network of the 52 key DEGs. B, TF regulatory network of the 34 key DEGs.White diamond: TF; blue square:
key DEG up-regulated in PMO-KY but down-regulated after LDP treatment; blue circle: key DEG down-regulated in PMO-KY but up-regulated after LDP treatment.
DEG(s)=differentially expressed gene(s), LDP=Liuwei Dihuang pill, PMO-KY=postmenopausal osteoporosis with kidney-Yin deficiency, TF= transcription factor.
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responsive gene of LDP so far, we speculate that TCF4 may be a
potential target of LDP in the treatment of PMO-KY based on the
above results.
DUSP6 encodes dual specificity phosphatase 6 (Dusp6), the

expression level of which in adipocytes that share the same cell
lineage with osteoblasts is regulated by a local expression
quantitative trait locus and correlates with BMD in mice ,[29]

indicating the association of DUSP6 with osteoporosis. A recent
study has reported that the expression of one homolog of
DUSP6, DUSP12, in the neuroendocrine immunomodulation
network is changed by Liuwei Dihuang decoction.[30] Therefore,
we speculate that DUSP6 may be also a responsive gene of LDP.
In this study, PELI2 and STX7 were newly-identified genes

that might be related to PMO-KY. PELI2 encodes pellino-2
6

protein, amember of Pellino protein family, proteins in which can
catalyze the poly-ubiquitylation of interleukin-1 receptor-associ-
ated kinases in the Toll-like receptor signaling pathway, which
plays key roles in cytokines production and innate immune
system.[31] The important role of immunity in PMO has been
previously demonstrated by multiple studies.[32–34] Furthermore,
SNP rs398652 next to PELI2 is significantly related to leukocyte
telomere length, and its variant alleles are associated with longer
telomere length.[35] Telomere shortening causes cell apoptosis in
osteoblasts and hMSCs and thus contributes to bone aging.[36]

Defects in Wrn, a telomere maintenance molecule, inhibit
osteoblast differentiation and thus promote osteoporosis.[36]

Collectively, PELI2 may be closely related to PMO. STX7
encodes syntaxin 7, a member of soluble-N-ethylmaleimide-



Table 2

The 43 known PMO-related genes among the 86 key DEGs.

PMO-KY versus control After-treatment versus before-treatment

Known gene Log2FC P Known gene Log2FC P

NCOA3 0.506519 .008033734 NCOA3 �2.01602 .000033100
DUSP6 1.075006 .032038506 DUSP6 �1.39367 .002899289
TCF4 0.949409 .014286066 TCF4 �1.44293 .012627151
TACC1 0.521940 .035970217 TACC1 �2.09003 .000077100
SPTLC2 0.738201 .004100726 SPTLC2 �1.24778 .002921494
HIPK2 1.035491 .023224547 HIPK2 �1.09464 .009943607
NBPF10 0.675700 .009984472 NBPF10 �1.10465 .000069700
RAB11FIP1 0.670397 .037788389 RAB11FIP1 �0.87853 .001855440
AP1S2 0.792433 .047724051 AP1S2 �0.82616 .015120310
SAMHD1 0.718077 .018389456 SAMHD1 �1.12988 .000089800
XAF1 1.042698 .013636808 XAF1 �3.09917 .000005980
SYK 0.957888 .006215836 SYK �1.21181 .002542846
CRHR2 0.519707 .005160406 CRHR2 �0.75213 .000118548
CD93 1.256732 .044646768 CD93 �1.11618 .035698062
GLIPR1 1.382535 .007944526 GLIPR1 �1.52049 .002232666
HIST1H3C 1.564627 .034947950 HIST1H3C �1.69324 .000063800
HIST1H3A 2.159085 .040905289 HIST1H3A �2.20045 .000083800
PLEKHB2 0.783437 .007013192 PLEKHB2 �1.70012 .000086100
CHIC2 0.544822 .014812798 CHIC2 �0.68415 .003390997
ABCB10 0.544423 .024394924 ABCB10 �0.88402 .000119685
NIPSNAP3B 0.518082 .011708943 NIPSNAP3B �0.84095 .000838300
MTPN 0.574514 .013727170 MTPN �1.11170 .000104450
RAB11FIP2 0.793075 .011389297 RAB11FIP2 �1.86661 .000002550
MBOAT1 0.625930 .032649022 MBOAT1 �0.99638 .000598748
SRP72 0.570234 .026822584 SRP72 �1.55570 .000272025
IGSF6 1.145051 .033752234 IGSF6 �1.05070 .025586113
CKAP4 1.002017 .007857413 CKAP4 �1.13437 .010766888
ARS2 �0.58393 .003021351 ARS2 0.527661 .019989830
UBASH3A �0.85191 .026719945 UBASH3A 1.057673 .037860775
TRERF1 �0.61734 .001161014 TRERF1 0.594363 .005129711
ERCC5 �0.61144 .000655751 ERCC5 0.700359 .006581397
IL21R �0.74471 .022618681 IL21R 1.263694 .010076966
MAP3K10 �0.59453 .001659148 MAP3K10 1.352671 .000110675
SOX13 �0.81241 .036375550 SOX13 0.638833 .014186950
DMPK �0.85824 .017190861 DMPK 1.253752 .007830179
AK1 �0.69870 .009499469 AK1 1.260063 .000796716
PEBP1 �0.79135 .003176745 PEBP1 0.516291 .018699319
SLC37A4 �0.53961 .004443007 SLC37A4 0.606692 .001421273
PRSS23 �1.06767 .045991531 PRSS23 0.655055 .015646919
EBP �0.77077 .003342037 EBP 1.715903 .000657770
DUSP2 �0.50956 .032258200 DUSP2 0.531065 .019615504
SPTAN1 �0.56764 .049779492 SPTAN1 1.060161 .000306197
CACNA2D2 �1.23974 .029433598 CACNA2D2 0.813174 .047740271

Letters in bold represent the key DEGs in transcription factor regulatory network. DEG(s)=differentially expressed gene(s), FC= fold change, PMO=postmenopausal osteoporosis, PMO-KY=postmenopausal
osteoporosis with kidney-Yin deficiency.
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sensitive-factor accessory-protein receptors that participate in
membrane fusion and cytokine release in almost all aspects of
innate and adaptive immune responses.[37,38] As mentioned
above, immunity plays key roles in PMO, thus, STX7 might be
associated with PMO. Currently, there is no evidence to support
the direct linkage between PELI2/STX7 and LDP, whereas, both
PELI2 and STX7 were significantly up-regulated in PMO-KY
compared with healthy controls, and downregulated after LDP
treatment. Therefore, PELI2 and STX7 might be potential
targets of LDP.
Strikingly, all of NCOA3, TCF4, DUSP6, PELI2, and STX7

were regulated by the TF HOXA13, a member of homeobox
proteins. SNPs in homeobox A cluster are robustly associated
with cortical volumetric BMD at the femoral neck trabecular and
lumbar spine.[39]HOXA13 is located on 11q14-25, a well-
7

replicated osteoporosis susceptibility loci, and it is a likely
candidate osteoporosis susceptibility gene based on bioinformat-
ics tools.[40] Therefore, HOXA13 might play a role in PMO-KY
pathogenesis and LDP treatment via regulating the expressions of
NCOA3, TCF4, DUSP6, PELI2 and STX7.
Despite the aforementioned results, there were several

limitations in this study. The predicted results should be
confirmed by laboratory data. Furthermore, the included samples
for analysis should be more. In our further studies, more PMO-
KY samples will be collected to validate the expression levels of
the potential key genes and their relationships with HOXA13.
In conclusion, the above discussed genes (eg, NCOA3, TCF4,

DUSP6, PELI2, and STX7) might be the therapeutic targets of
LDP in the treatment of PMO-KY, and their expressions might be
regulated by HOXA13. The potential identified target genes

http://www.md-journal.com
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[16] Warnes GR, Bolker B, Bonebakker L, et al. gplots: Various R

Xu and Gao Medicine (2018) 97:31 Medicine
might provide a novel direction for future drug design. However,
beyond the scope of this study, further investigation should be
performed to fully evaluate the roles of these genes in PMO-KY
and LDP treatment.
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