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Abstract. – OBJECTIVE: The aim of this study 
was to explore the correlation between GALNT3 
gene and osteoporosis.  

PATIENTS AND METHODS: In this study, 
184 cases of osteoporosis that were treated at 
our hospital from 2013 to 2014 were selected 
as research subjects in the observation group. 
In addition, 84 healthy people were selected 
as the control group from 2013 to 2014. The 
bone mineral density of the observation and 
control groups were detected by x-rays and the 
expression levels and differences of mRNA of 
the GALNT3 gene and protein in their body was 
detected using fluorescence quantitative poly-
merase chain reaction (qPCR), enzyme-linked 
immunoassay, and Western blotting. 

RESULTS: X-ray results suggest that when 
compared to the healthy group, bone mineral 
density of patients in the observation group 
was significantly lower than that of research 
subjects in the control group, with significant 
differences. The fluorescence qPCR results 
suggest that the expression levels of mRNA of 
the GALNT3 gene in patients with osteoporosis 
were significantly lower than that in the healthy 
group (p<0.05). Enzyme-linked immunosorbent 
assay (ELISA) results suggest that the expres-
sion levels of the GALNT3 gene in patients with 
osteoporosis (1.26±0.32) μg/L was significantly 
lower than that in the healthy group (12.41±0.28) 
μg/L, with significant differences (p<0.05). The 
Western blotting results agreed with the ELISA 
results. We also found in our research that the 
bone mineral density of patients with osteopo-
rosis significantly correlated with the expres-
sion levels of the GALNT3 gene (r=0.95).  

CONCLUSIONS: Therefore, the GALNT3 gene 
significantly correlated with osteoporosis and 
the low expression of GALNT3 gene can pro-
mote the occurrence and deterioration of oste-
oporosis.
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Introduction

As we have entered the 21st century, the aging 
population has been accounting for an increas-
ingly higher percentage of the total population 
year by year. According to statistical results in 
2014, there are 230 million aging people (≥ 60 
years old) in China1. This suggests that Chi-
na has officially entered into an aging society2. 
Enhancing diagnosis and treatment of geriatric 
diseases has become an important topic for the 
improvement of the quality of life for the aging 
people. Statistical data3 suggests that by 2014, 
aging patients that suffer from osteoporosis ac-
count for 78.36% of the total number of aging 
population. This indicates that osteoporosis has 
become an important disease that influences the 
quality of life of aging people4. Clinical research5 
suggests that osteoporosis is mainly manifested 
by wear, decay and backfall of bone joints in 
clinical practice and can influence normal move-
ment, such as walking, and other daily behaviors 
of the human body. Research indicates that oste-
oporosis involves various causes. Bad diet habits, 
alcoholism and irregular living style all can lead 
to occurrence of osteoporosis. As people get old-
er, their intake and storage capacity of calcium 
and other trace elements are reduced, which is 
also an important reason for the occurrence of 
osteoporosis6. Secondly, with development of mo-
lecular biotechnology in recent years, increasing 
research results have pointed that the occurrence 
of osteoporosis is not only influenced by external 
factors7, but also significantly influenced by ge-
netic factors. In addition, Joseph et al8 suggested 
that expression of related genes in the notch1 sig-
naling pathway in patients with osteoporosis are 
significantly lower than that in the healthy group 
and the notch1 signal pathway can get involved 
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in the generation of osteoblasts and regulation of 
calcium levels in cytoplasm. Brambila-Tapia et 
al9 suggested that the GALNT3 gene can encode 
UDP-N-acetyl-α-galactosaminyl-transferase in 
the human body and is mainly involved in the 
body bone metabolism and related processes. 
For example, research has suggested that the 
mutation of GALNT3 gene can cause recessive 
hereditary disease, which is mainly manifested 
by high serum phosphate and heterotopic ossifi-
cation, etc.10. 

In this study, we have for the first time, dis-
cussed the correlation between the GALNT3 
gene and osteoporosis and hope to provide cer-
tain theoretical and experimental references for 
diagnosis and treatment of osteoporosis.

Patients and Methods

Sample Selection
In this study, there were 184 cases of osteopo-

rosis that were treated at our hospital from 2013 to 
2014 were selected as research objects. In the ob-
servation group, there were 89 male cases and 95 
female cases, with average age of 68.3±4.2years 
old. There were 84 healthy people selected as the 
control group from 2013 to 2014, including 38 
male cases and 46 female cases, with an average 
age of 67.2±3.7 years old. The RNA extraction 
kit (TaKaRa, Dalian, China), extraction kit for 
animal cell total protein (Axygen, Tewksbury, 
MA, USA), GALNT3 monoclonal first antibody 
of goat anti-rabbit (Acris, New York, NY, USA), 
and horseradish-peroxidase (HRP) marked sec-
ond antibody of rabbit anti-human (AVM, Bei-
jing, China). The main equipment include fluo-
rescence quantitative PCR (ABI, Foster City, CA, 
USA), protein electrophoresis apparatus (Beijing 
Liuyi, Beijing, China), multifunctional enzyme 
mark instrument (Bio-Rad, Hercules, CA, USA), 
and bone mineral density determinator (Hologic, 
Bedford, MA, USA).

Methods

Fluorescence Quantitative Polymerase 
Chain Reaction (qPCR) RNA Extraction 

The lesion tissues of patients in different 
groups were used as research subjects. Equiva-
lent tissue samples were exactly weighed and the 
operations were conducted according to instruc-
tions on the RNA extraction kits. The concen-

tration of total RNA extracted was detected by 
microscale nucleic acid basis weight instrument 
and existence of its degradation was judged by 
gel electrophoresis.

Fluorescence Quantitation
The total RNA extracted was taken as the 

template and the original reverse transcription 
RNA was 500 ng. The complementary deoxy-
ribose nucleic acid (cDNA) was obtained by re-
verse transcription and then the operations were 
conducted according to instructions. The total 
volume was 10 μL and the primers are shown in 
Table I11.

Enzyme Linked Immunoassay
The total protein extraction was taken as the 

research object and the total protein levels of 
various research samples were detected using 
Coomassie brilliant blue staining. The total pro-
tein in the enzyme-linked immunosorbent assay 
(ELISA) experiment process was 2.5 μg. During 
the experimental process, 100 μL of sample were 
detected and the 35 μL detection liquid were add-
ed into the 96 orifice. Operations were conducted 
according to instructions on kits and the absorp-
tion value was determined at 455 nm12.

Protein Western Immunoblotting
In this study, we used the extraction kits for 

animal cell total protein from Axygen (Tewks-
bury, MA, USA) in order to extract protein from 
animal cells (specific operations were conducted 
according to instructions). 0.5 mg of the research 
sample was exactly weighted and taken from each 
group. After extraction of total protein, the quan-
titation was conducted using Coomassie brilliant 
blue staining. 20 μL of the processed sample was 
taken for protein sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) elec-
trophoresis, and then for transmembrane process-
ing, and finally for closed treatment for 2 h. The 
first antibody was diluted according to the ratio 
of 1:1000 for usage, and then incubated at room 

Table I. Fluorescence quantitative PCR primer.

Primer  Primer
 name  sequence
 
ganlt1-F CGTCGTGCTGACAGCTAGCGCTC
galnt1-R CGTAGTCGATCGATCGACCGTCG
GAPDH-F CGTCGTCGGGACAGCTAGCTGAG
GAPDH-R CGTAGTCGACAGCTGATCGCAGCTG
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temperature for 2 h. After the addition of the 
secondary antibody, the sample was incubated at 
room temperature for 2 h. After washing with the 
eluent (10 min/once, 5 times), the colored solution 
was added for color development.

Detection of Bone Mineral 
Density by X-Ray

Detection was conducted according to the 
X-ray Diagnosis and the experiment conducted 
by Rahimi et al13.

Immunohistochemistry Experiment
In this study, we conducted a conventional 

antibody incubation and staining in the hippo-
campal CA3 area of mice by the affinity between 
streptomycin and peroxidase (S-P). The judgment 
standard of immunohistochemistry was as fol-
lows: the membrane staining < 10% or the only 
membrane was stained or > 10% staining could 
be observed as positivity14.

Statistical Analysis
The results were analyzed using Statistical 

Product and Service Solutions (SPSS) 10.0 sta-
tistical software (SPSS Inc., Chicago, IL, USA). 
Data were expressed by mean ± standard devi-
ation and p<0.05 was of statistical significance.

Results

Detection of Bone Mineral 
Density of the Observation Group
and the Control Group

In this study, we used the bone mineral den-
sity determinator in order to detect the bone 
mineral density of the lumbar spine and proximal 
femur bone of healthy people and patients with 
osteoporosis. According to Table II, the bone 
mineral density of the lumbar spine and proxi-
mal femur bone of healthy people, (0.960±0.12, 
0.937±0.11) g/cm3, was significantly higher than 
that of patients with osteoporosis (0.681±0.11, 
0.793±0.12) g/cm3.

Expression Differences of mRNA 

of GALNT3 Gene in the Observation 
Group and the Control Group

In order to detect expression differences of 
mRNA of the GALNT3 gene in research sam-
ples of various groups, we used the total RNA 
extracted from healthy people and patients with 
osteoporosis as research subjects. Fluorescence 
qPCR was used to detect expression differences 
of GALNT3 gene in research samples and the 
results of the extracted RNA electrophoresis are 
shown in Figure 1. We can see from the pic-
ture that extracted RNA showed no significant 
degradation. The 28S brightness was about two 
times the 18S brightness, which suggests that 
extracted RNA could be applied for a later test. 
We can see from Figure 2 that the expression 
level of mRNA of the notch1 gene in research 
samples from the observation group were sig-
nificantly lower than that in the control group 
(p<0.05). These results suggest that after dif-
ferent processing, expression of the notch1 gene 
varies among gastric cancer cells.

Expression Differences of Protein 
of GALNT3 Gene in the Observation 
Group and the Control Group

We took total protein from healthy people and 
patients with osteoporosis as research subjects. The 
enzyme-linked immunoassay was used to quantita-
tively determine expression differences of the pro-
tein of GALNT3 gene in the observation group and 
the control group. Results were shown in Figure 3. 

Table II. Detection of bone mineral density of the observation group and the control group.

Group N Lumbar spine Proximal femur bone p T

Observation group 84 0.960±0.12 0.937±0.11 0.00 8.29
Control group 184 0.681±0.11 0.793±0.12 0.00 8.04

Figure 1. Extraction results of RNA in different samples. 1: 
electrophoresis of RNA from healthy people; 2-3: electropho-
resis of RNA from patients with osteoporosis.
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The expression levels of protein of GALNT3 gene 
in research samples from the observation group, 
(1.26±0.32) μg/L, were significantly lower than that 
in the control group (12.41±0.28) μg/L (p<0.05) 
(Figure 3). These results suggest that there was cer-
tain correlation between expression levels of protein 
of GALNT3 gene and osteoporosis.

Expression Differences of Protein 
of GALNT3 Gene in the Observation 
Group and the Control Group 
as Detected by Western-blotting

We obtained total protein from healthy people and 
patients with osteoporosis as research subjects. The 
Coomassie brilliant blue was used to quantitatively 
determine total protein. The 2.5 μg total protein 
was extracted for SDS-PAGE electrophoresis. After 

transmembrane incubation, the expression differenc-
es of protein of GALNT3 gene in the observation 
group and the control group were determined (Figure 
4). The expression levels of protein of GALNT3 gene 
in the observation group were significantly lower 
than that in the control group (Figure 4). Quantitative 
detection of the Western-blotting results was shown 
in Figure 5, which agreed with results of ELISA and 
Western-blotting.

Expression Differences of Protein 
of GALNT3 Gene in the Observation 
Group and the Control Group 
as Detected by Immunohistochemistry

Samples from the observation group and the 
control group were used as research subjects. 
Expression differences of the GALNT3 gene in 
different samples were detected using immuno-
histochemistry (Figure 6). The expression levels 

Figure 2. Expression differences of the mRNA of GAL-
NT3 gene in the observation group and the control group. 
*p<0.05.

Figure 3. Expression differences of protein of GALNT3 
gene in the observation group and the control group. *p<0.05.

Figure 4. Expression differences of protein of GALNT3 
gene in the observation group and the control group as de-
tected by Western-blotting.

Figure 5. Quantitative detection of expression differences 
of protein of GALNT3 gene in the observation group and the 
control group by Western-blotting. *p<0.05.
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of GALNT3 gene in the observation group were 
significantly lower than that in the control group 
(Figure 6). Statistical results of the number of 
cells with positive glant1 gene in different re-
search samples found that the positive rate of 
glant1 gene in healthy people (97.5%) was sig-
nificantly higher than that in patients with osteo-
porosis (5.1%) (Table III).

Correlation Between Bone 
Mineral Density and Expression 
Level of GALNT3 Gene

In this study, we took the expression levels of 
protein of GALNT3 gene and data of bone mineral 
density as the research subjects. The correlation be-
tween the expression levels of protein of GALNT3 
gene and the bone mineral density were detected 
using SPSS software. Results suggested that their 
correlation was 0.95, which indicated that the ex-
pression levels of protein of GALNT3 gene and 
the bone mineral density share significant positive 
correlation. That is, a reduction in the expression 
levels of protein of the GALNT3 gene can to a great 
extent, induce the occurrence of osteoporosis.

Discussion

Osteoporosis, as a type of orthopedic diseases, 
is characterized by reduction of bone mineral 
density of the whole body and abnormality of 
bone microstructure. Clinically, it manifests by 

a reduction of bone hardness, including waist 
pain, soreness of knees joints, shoulder lassitude 
and other symptoms15. Statistical survey results of 
epidemiology in 2014 suggest that there are about 
80 million osteoporosis patients in China. Among 
them, the elderly account for about 85-89% of the 
population. Therefore, osteoporosis has become 
an important disease that influences the quality 
of life of elderly people. Current research results 
suggest16 that osteoporosis is the combined con-
sequence of dietary habits and genetic factors. 
Clinical statistical data suggest17 that the main 
reason of osteoporosis is the loss of phosphorous 
components in bone. However, research suggests 
that phosphorous, as an important trace of human 
body, is very important for the structure of body 
organs and the development of bone. Research 
results in recent years suggest that in the body of 
osteoporosis patients, genes related to regulation of 
phosphorous metabolism and protein levels show a 
reduction to different levels compared with healthy 
people. For example, research suggests18 that the 
FGF23 protein, a phosphorous regulation factor, 
shares close correlation with bone phosphorous 
metabolism in the human body, but mutation and 
loss of PHEX, DMP1 and GALNT3 genes in this 
signal pathway can lead to hereditary metabolism 
bone disease in different muscle striations19. The 
protein encoded by the GALNT3 gene, located on 
the No. 2 human chromosome, is mainly involved 
in the O-glycosylation of FGF23. Therefore, it is 
considered as an important protein, which prevents 

Figure 6. Expression levels of GALNT3 
gene in the observation group and the con-
trol group as detected by immunohistoche-
mistry.

Table III. Positive cell rates of galnt1 gene in the observation group and the control group as detected by immunohistochemistry.

Group Cell  Galnt1 positive Galnt1 positive Galnt1 negative Galnt1 negative
 number (n) cell number cell rate (%) cell number cell rate (%)

Observation group 400 390 97.5 10 2.5
Control group 400 20 5.1 380 94.9
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the degradation of the FGF23 protein and pro-
motes this function20. In this research, we detected 
the expression levels of mRNA and protein of 
the GALNT3 gene in healthy people and patients 
with osteoporosis. Results suggest that expression 
levels of mRNA and protein of the GALNT3 gene 
in healthy people and patients with osteoporosis 
were observed with significant differences. That 
is, the expression levels of mRNA and protein of 
the GALNT3 gene in patients with osteoporosis 
were significantly reduced, which indicates that 
mRNA and protein of the GALNT3 gene share 
close correlation with osteoporosis. In addition, we 
also found that the levels of mRNA and protein of 
GALNT3 gene share significant positive correla-
tion with bone mineral density. 

Conclusions

A reduction of expression levels of mRNA 
and protein of the GALNT3 gene can lead to a 
reduction of bone mineral density and further 
lead to occurrence of osteoporosis. However, we 
have not discussed in detail how GALNT3 gene 
induce reduction of bone mineral density and 
further induce osteoporosis. 

Conflict of Interests:
The authors declared no conflict of interest.

References

  1) Fraser Cs, rubio-Cabezas o, LittLeChiLd Ja, eLLard 
s, hattersLey at, FLanagan se. Amino acid proper-
ties may be useful in predicting clinical outcome 
in patients with Kir6.2 neonatal diabetes. Eur J 
Endocrinol 2012; 167: 417-421.

  2) nagasaki k, iida t, sato h, ogawa y, kikuChi t, 
saitoh a, ogata t, Fukami m. PRKAR1A mutation 
affecting cAMP-mediated G protein-coupled re-
ceptor signaling in a patient with acrodysostosis 
and hormone resistance. J Clin Endocrinol Metab 
2012; 97: E1808-E1813.

  3) miChot C, Le goFF C, goLdenberg a, abhyankar 
a, kLein C, kinning e, guerrot am, FLahaut P, 
dunCombe a, bauJat g, Lyonnet s, thaLassinos C, 
nitsChke P, Casanova JL, Le merrer m, munniCh 
a, Cormier-daire v. Exome sequencing identifies 
PDE4D mutations as another cause of acrodys-
ostosis. Am J Hum Genet 2012; 90: 740-745.

  4) Lian XL, zhang yP, Li X, Jing Ld, Cairang zm, gou 
JQ. Exploration on the relationship between the 
elderly osteoporosis and cardiovascular disease 
risk factors. Eur Rev Med Pharmacol Sci 2017; 
21: 4386-4390.

  5) zhao J, Xia w, nie m, zheng X, wang Q, wang X, 
wang w, ning z, huang w, Jiang y, Li m, wang o, 
Xing X, sun y, Luo L, he s, yu w, Lin Q, Pei y, zhang 
F, han y, tong y, Che y, shen r, hu y, zhou X, Xu 
L. The levels of bone turnover markers in Chinese 
postmenopausal women: peking vertebral frac-
ture study. Menopause 2011; 18: 1237-1243.

  6) iChikawa s, bauJat g, seyahi a, garouFaLi ag, imeL 
ea, Padgett Lr, austin am, sorenson ah, PeJin z, 
toPouChian v, Quartier P, Cormier-daire v, deChauX 
m, maLandrinou F, singheLLakis Pn, Le merrer m, 
eCons mJ. Clinical variability of familial tumoral 
calcinosis caused by novel GALNT3 mutations. 
Am J Med Genet A 2010; 152A: 896-903.

  7) roshandeL d, hoLLiday kL, Pye sr, boonen s, borghs 
h, vandersChueren d, huhtaniemi it, adams Je, 
ward ka, bartFai g, Casanueva F, Finn Jd, Forti g, 
giwerCman a, han ts, kuLa k, Lean me, PendLeton 
n, Punab m, siLman aJ, wu FC, thomson w, o’neiLL 
tw. Genetic variation in the RANKL/RANK/OPG 
signaling pathway is associated with bone turn-
over and bone mineral density in men. J Bone 
Miner Res 2010; 25: 1830-1838.

  8) JosePh L, hing sn, Presneau n, o’donneLL P, diss 
t, idowu bd, JosePh s, FLanagan am, deLaney d. 
Familial tumoral calcinosis and hyperostosis-hy-
perphosphataemia syndrome are different mani-
festations of the same disease: novel missense 
mutations in GALNT3. Skeletal Radiol 2010; 39: 
63-68.

  9) brambiLa-taPia aJ, duran-gonzaLez J, sandovaL-
ramirez L, mena JP, saLazar-Paramo m, gamez-nava 
Ji, gonzaLez-LoPez L, LazaLde-medina bb, davaLos 
no, PeraLta-LeaL v, vazQuez dmm, beLtran-miranda 
CP, davaLos iP. MTHFR C677T, MTHFR A1298C, 
and OPG A163G polymorphisms in Mexican pa-
tients with rheumatoid arthritis and osteoporosis. 
Dis Markers 2012; 32: 109-114.

 10) Lee yh, woo Jh, Choi sJ, Ji Jd, song gg. 
Associations between osteoprotegerin polymor-
phisms and bone mineral density: a meta-analy-
sis. Mol Biol Rep 2010; 37: 227-234.

 11) veerasamy m, bagnaLL a, neeLy d, aLLen J, sinCLair 
h, kunadian v. Endothelial dysfunction and cor-
onary artery disease: a state of the art review. 
Cardiol Rev 2015; 23: 119-129.

 12) sandovaL yh, ateF me, LevesQue Lo, Li y, anand-
srivastava mb. Endothelin-1 signaling in vascu-
lar physiology and pathophysiology. Curr Vasc 
Pharmacol 2014; 12: 202-214.

 13) rahimi k, emdin Ca, maCmahon s. The epidemiolo-
gy of blood pressure and its worldwide manage-
ment. Circ Res 2015; 116: 925-936.

 14) raPsomaniki e, timmis a, george J, PuJades-rodriguez 
m, shah ad, denaXas s, white ir, CauLFieLd mJ, 
deanFieLd Je, smeeth L, wiLLiams b, hingorani a, 
hemingway h. Blood pressure and incidence of 
twelve cardiovascular diseases: lifetime risks, 
healthy life-years lost, and age-specific associ-
ations in 1.25 million people. Lancet 2014; 383: 
1899-1911.

 15) andrukhova o, sLaviC s, smorodChenko a, zeitz u, 
shaLhoub v, Lanske b, PohL ee, erben rg. FGF23 
regulates renal sodium handling and blood pres-
sure. Embo Mol Med 2014; 6: 744-759.



Correlation between GALNT3 gene and osteoporosis

75

 16) biLi a, tang X, Pranesh s, bozaite r, morris sJ, 
antohe JL, kirChner hL, wasko mC. Tumor necrosis 
factor alpha inhibitor use and decreased risk for 
incident coronary events in rheumatoid arthritis. 
Arthritis Care Res (Hoboken) 2014; 66: 355-363.

 17) CokiC bb, CokiC vP, suresh s, wirt s, noguChi Ct. 
Nitric oxide and hypoxia stimulate erythropoietin 
receptor via MAPK kinase in endothelial cells. 
Microvasc Res 2014; 92: 34-40.

 18) kamiya n, yamaguChi r, aruwaJoye o, kim aJ, 
kuroyanagi g, PhiPPs m, adaPaLa ns, Feng JQ, kim 

hk. Targeted disruption of NF1 in osteocytes 
increases FGF23 and osteoid with osteomala-
cia-like bone phenotype. J Bone Miner Res 2017; 
32: 1716-1726.

 19) adzhubei ia, sChmidt s, Peshkin L, ramensky ve, 
gerasimova a, bork P, kondrashov as, sunyaev sr. A 
method and server for predicting damaging mis-
sense mutations. Nat Methods 2010; 7: 248-249.

 20) taLayero bg, saCks Fm. The role of triglycerides 
in atherosclerosis. Curr Cardiol Rep 2011; 13: 
544-552.

.


