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Serum nuclear factor IB as a novel and noninvasive indicator in
the diagnosis of secondary hyperparathyroidism
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Email: lilin5625@hotmail.com suppressor gene in various cancers. The present study aimed to illustrate the role of

NFIB in sHPT clinical diagnosis and treatment response.

Methods: A retrospective, case-control study, including 189 patients with sHPT
and 106 CRF patients without sHPT, compared with 95 controls. Serum NFIB and
1,25(0H),D, levels were measured by RT-qPCR and ELISAs, respectively. ROC analy-
sis was conducted to verify the diagnostic value of NFIB in sHPT. Spearman's cor-
relation analysis was conducted to verify the association between NFIB and bone
mineral density (BMD) scores. After 6 months of treatment, the variance of NFIB and
1,25(0H),D, in different groups was recorded.

Results: The expression of NFIB was significantly lower in serum samples from sHPT
and non-sHPT CRF patients, compared to controls. Clinicopathological information
verified sHPT was associated with NFIB, parathyroid hormone (PTH), serum calcium,
serum phosphorus, time of dialysis, and serum 1,25(0OH),D, levels. Spearman's cor-
relation analysis illustrated the positive correlation between NFIB levels and BMD
scores. At receiver operator characteristic (ROC) curve analysis, the cutoff of 1.6508
for NFIB was able to identify patients with sHPT from healthy controls; meanwhile,
NFIB could also discriminate sHPT among CRF patients as well (cutoff = 1.4741).
Furthermore, we found that during 6 months of treatment, NFIB levels were gradu-
ally increased, while PTH and serum P levels were decreased.

Conclusions: Serum NFIB was a highly accurate tool to identify sHPT from healthy
controls and CRF patients. Due to its simplicity, specificity, and sensitivity, this can-

didate can be proposed as a first-line examination in the diagnostic workup in sHPT.
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1 | INTRODUCTION

Chronic renal failure (CRF) was a chronic disease characterized by
renal atrophy and loss of renal function.! Statistics showed that
the prevalence of CRF was estimated at 8%-16% worldwide,?
while the prevalence of chronic renal failure in Japan was as high as
1/50 in males aged above 80, and the number of maintenance he-
modialysis patients exceeded 9.2%.% Secondary hyperparathyroid-
ism (sHPT) was one of the most common complications in patients
with CRF, due to disorders of calcium and phosphorus metabolism
and progressive worsening of hypovitaminosis D, manifested by
parathyroid hyperplasia and excessive parathyroid hormone (PTH)
synthesis and secretion.*=® Clinically, it may hurt bone metabolism,
central nervous system, and can cause cardiovascular diseases.””?
Some studies have shown that the longer the duration of hemo-
dialysis, the greater the chance of calcium and phosphorus me-
tabolism disorders such as sHPT, which has become a prominent
problem affecting the quality of life of maintenance hemodialysis
patients.10

Secondary hyperparathyroidism (sHPT) was characterized by
persistently elevated serum PTH levels and parathyroid hyperpla-
sia.!! It was mainly caused by disorders of serum calcium, phospho-
rus, and vitamin D.}? High levels of serum PTH may lead to a high
incidence of cardiovascular and bone diseases.’® In the state of CRF,
low calcium and high phosphorus as well as vitamin D resistance
were the main factors triggering sH pT.1!

Parathyroid hormone (PTH) determined extracellular calcium
homeostasis and bone strength, secreted by the parathyroid
glands in response to a decrease in serum calcium.** The main
target organs for PTH were the skeleton and kidney, which con-
tributed to increased blood calcium levels and decreased blood
phosphorus levels.?® In patients with CRF, as renal function de-
creased, renal excretion of phosphorus decreased and patients
may exhibit hyperphosphatemia. Meanwhile, increased PTH
may damage the vascular endothelium, which increased mineral
deposition in the vessel wall and heart valves.!? As the glomeru-
lar filtration rate irreversibly reduced in CRF patients, along with
severe impairment to renal function, excretion of alkaline phos-
phate and the production of 1,25-(OH),D, by the kidneys were
seriously hindered, resulting in a decrease in the body's ability
to absorb calcium, impairment to bone calcium metabolism, and
decrease in blood calcium levels.'®” Therefore, the metabolic
disorders of blood calcium, phosphorus, and active vitamin D
in patients with CRF are closely related to the occurrence of
sHPT.1®

Secondary hyperparathyroidism (sHPT) was an independent
risk factor for all-cause and cardiovascular mortality, and early
clinical confirmation had a positive effect on the favorable prog-
nosis of sHPT.!? MIBI imaging was the golden criterion for sHPT
diagnosis.?° For instance, Jiang et al.,?* Zeng et al.?? and Zhang
et al.?® demonstrated the high sensitivity and specificity of MIBI
in diagnosing sHPT. It may not only detect enlarged parathyroid

glands and identify the site of the four parathyroid glands, but
also verify ectopic parathyroid glands. However, this invasive
diagnostic method was pretty expensive and reproducible.
Therefore, there was an urgent need to discover noninvasive,
reproducible, and cost-effective diagnostic methods. In the pres-
ent study, we displayed differentially expressed genes in samples
from sHPT tissues compared with normal parathyroid tissues.
Among them, we selected a most significantly differentially ex-
pressed gene nuclear factor IB (NFIB) and verified its significance
in sHPT.

2 | MATERIALS AND METHODS

2.1 | Data collection

Ninety five healthy people who performed routine physical exami-
nations and 295 patients with CRF on maintenance hemodialysis
were enrolled at the First People's Hospital of Xiaoshan District
from December 2014 to April 2019. Among 295 CFR patients, 189
cases with parathyroid hormone (iPTH) >300 pg/ml were screened
as sHPT group, all of whom were not treated with surgical resec-
tion. Demographic characteristics, dialysis period, cardiovascular
history, diabetes history, laboratory indices such as 1,25(0H),D,,
PTH, serum calcium, serum phosphorus, and bone mineral den-
sity (BMD) scores of each group were recorded and statistically
analyzed. Exclusion criteria were as follows: renal transplantation,
patients with primary hyperparathyroidism, severe cardiovascular
and cerebrovascular complications, malignancies, or severe infec-
tions. There were no statistically significant differences between
the three groups in terms of gender and age. This study was ap-
proved by the Ethics Committee of the First People's Hospital of
Xiaoshan District, and all participants signed informed consent
forms as request.

Serum samples were collected after 8-hour fasting (before dial-
ysis in CRF patients), left at room temperature for 2 hours, and then
centrifuged at 1000 g for 20 minutes. Afterward, the supernatants
were separated, and the specimens were stored at -80°C until anal-
ysis. BMD scores were measured and evaluated using dual-energy
X-ray absorptiometry (DXA). Serum calcium, phosphorus, hemo-
globin, creatinine, urea nitrogen, and serum parathyroid hormone
(PTH) levels were evaluated in the laboratory department in our
hospital.

2.2 | Determination of 1,25(0OH),D levels

The concentration of 1,25(0OH),D in healthy controls, non-sHPT
CRF, and sHPT patients was examined by commercial kit. As de-
scribed in the manufacturer's protocol, levels of 1,25(0H),D levels
in serum samples were determined by 1,25(0H),D levels reagent kit

(Diasorin).
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FIGURE 1 Differentially expressed genes in sHPT. (A) Heatmap for differentially expressed genes in sHPT samples. (B) Volcano plot of

differentially expressed genes in sHPT samples
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Gene ID logFC AveExp t p Value

CYR61 -1.5874 0.1257 -5.4507 3.73x107°
SIP2-28 -1.1228 0.3359 -5.2870 6.18x107°
GSN -1.2074 0.8244 -5.2719 6.47x107¢
HU-K5 -1.2985 0.1738 -4.9337 1.83x107°
CIDEA -2.0882 0.2351 -4.8394 2.44x107°
NBL1 -1.0278 1.0178 -4.6604 4.20x107°
NFIB -1.3644 0.8943 -4.4570 7.75x107°

Abbreviations: Adj p Val, Adjust p value; AveExp, Average expression.

2.3 | qRT-PCR assay

To detect whether there were differential expressions of NFIB in serum
samples from healthy controls, non-sHPT CRF cases, and sHPT patients,
gRT-PCR assays were conducted accordingly as per the instructions’ pro-
tocol. Briefly, TRIzol reagent was utilized to lyse and extract total RNAs
from samples. Then, a NanoDrop microspectrophotometer was used to
quantify the RNA concentrations. cDNA was synthesized from RNA using
SuperScript IV reagent (Invitrogen; Thermo Fisher Scientific, Inc.), and
gRT-PCR was then run by Universal SYBR Green Master Kit on an ABI
7500 PCR machine (Applied Biosystems). The thermal cycles were as fol-
lows: 94°C for 5 minutes, 40 cycles of 94°C for 10 seconds, and 65°C for
30 seconds. Finally, the expressions of NFIB were quantified by equation
2-A4CT method and normalized to GAPDH.?* The primers sequences
were as follows: NFIB forward, 5'- GGGACTAAGCCCAAGAGACC-3’,
and reverse, 5'- GTCCAGTCACAAATCCTCAGC-3'; GAPDH for-
ward, 5'- AGCTTGTCATCAACGGGAAG-3', and reverse, 5'- TTTGATG
TTAGTGGGGTCTCG-3'.

2.4 | Calcitriol treatment

According to the patients’ weight, sHPT patients were given calci-
triol treatment ad dose 1.5-2.0 ug, orally. Patients weight <60 kg
were given 1.5 ug, while patients weighing between 60 and 80 kg

were given 2 ug, twice a week, last for 6 months.

2.5 | Statistical analysis

All statistical analyses were performed using the SPSS version 22.0
(SPSS Inc.) and GraphPad Prism version 6.0. All variables were pre-
sented as mean + SD, and categorical variables were presented
as number and proportion. Differences between groups were
compared using ANOVA followed by Tukey's post hoc test and a
chi-squared for categorical variables. The analysis results of differ-
entially expressed genes were presented by heatmap and volcano
map drawn in RStudio software (version: 1.2.1335). A p < 0.05 was
considered statistically significant. Receiver operating characteris-
tic (ROC) curves were utilized to determine the cutoff value for the
prediction of sHPT.

TABLE 1 Differentially expressed
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FIGURE 2 Different expressions of NFIB in sHPT.

(A) Aberrant expressions of NIFB in sHPT cases, CRF patients,
and healthy controls. (B) Correlation between NFIB level and
BMD scores in sHPT patients. ~p < 0.01, sHPT vs CRF; CRF

vs healthy. Wp < 0.001, sHPT vs healthy. BMD, bone mineral
density; CRF, chronic renal failure; NFIB, nuclear factor IB; sHPT,
secondary hyperparathyroidism



YU ET AL.

Wi LEYM

3 | RESULTS

3.1 | Differentially expressed genes in sHPT
samples

After analyzing 31 GSM (samples) data, we found seven differen-
tially expressed genes (CIDEA, CYR61, HU-KS5, SIP2-28, GSN, NBL1,
and NFIB) in sHPT (Figure 1A and B). All of them were significantly

downregulated in sHPT compared with normal samples (Table 1).

3.2 | Serum NFIB levels were dramatically
decreased in sHPT patients

As to determine the aberrant expressions of NFIB in sHPT patients,
CRF cases, and healthy controls, qRT-PCR assays were conducted
accordingly. As shown in Figure 2A, the expression of NFIB was
significantly decreased in sHPT ("'p < 0.001) or CRF ("p < 0.01)
groups compared with healthy controls; moreover, the reduction
was more obvious in sHPT group compared with the CRF group
("p < 0.01).

3.3 | Correlation between NFIB levels and BMD
scores in sHPT patients

Measurement of BMD score was an adjuvant diagnostic method
for monitoring sHPT disease. Hence, we detected the correlation
between NFIB levels and BMD scores in sHPT group. As shown
in Figure 2B, NFIB expression was positively correlated with BMD
scores (r = 0.2129, p = 0.0033), further suggesting the potential of
NFIB in sHPT monitoring.

TABLE 2 Demographic and clinical information of all subjects

3.4 | sHPT was strongly associated with NFIB level,
serum PTH level, serum calcium serum phosphorus,
time of dialysis, and serum 1,25(0OH),D, levels

After recording and analyzing the demographic and clinical param-
eters in three groups, we found that sHPT may be related to aberrant
NFIB, PTH, serum calcium, serum phosphorus, time of dialysis, and
serum 1,25(0OH),D, levels (Table 2). However, there were no signifi-
cant differences in age, gender, cardiovascular history, and diabetes

history among the three groups.

3.5 | The potentials of NFIB in sHPT
clinical diagnosis

In order to confirm the diagnostic values of NFIB in sHPT, ROC
analysis was utilized accordingly. As displayed in Figure 3A, NFIB
index could discriminate sHPT patients from CRF cases with the
area under the curve of 0.8391 (95% Cl = 0.7879-0.8882, specific-
ity = 88.68%, sensitivity = 58.73%, cutoff value = 1.4741). Meanwhile,
Figure 3B further verifies the potential of NFIB in identifying sHPT
from healthy controls with the cutoff value of 1.6508, the specific-
ity of 72.63%, and the sensitivity of 92.45% (AUC = 0.8985, 95%
Cl =0.8556-0.9414).

3.6 | The variance of NFIB and 1,25(0OH),D, levels
in sHPT patients after six months of treatment

To confirm the significance of NFIB in sHPT treatment response,
we continuously monitored the variance of NFIB and 1,25(OH)2D3

levels in sHPT patients during 6 months of treatment. The results

Characteristics

Healthy (n = 95)

Gender
Male 61
Female 34
Age (years) 58.9+5.2
Dialysis time (years) /
Serum calcium (mg/dl) 9.2+24
Serum phosphorus (mg/dl) 39+1.1
Serum PTH (pg/ml) 81.5+11.3
Serum 1,25(0OH),D, (ng/ml) 87.6 £ 3.8
Cardiovascular history [¢)
Diabetes history 10

NFIB level (fold)

1.0020 + 0.3686

CRF (n = 106) sHPT (n = 189) p Value
0.2650
64 103
42 86
60.8 £4.9 59.6 +8.5 0.1410
3.01+28 6.87£3.6 <0.0001
8.3+3.5 6.6+4.7 <0.0001
58+0.7 6.1+0.8 <0.0001
131.5+12.8 169.5 + 10.7 <0.0001
43869 36.2+5.0 <0.0001
8 11 0.8439
9 13 0.5676
0.4713 £0.2198 0.2056 +0.1370 <0.0001
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FIGURE 3 AUCs of NFIB in sHPT. (A) ROC analysis of NFIB
in differentiating sHPT from CRF patients. (B) ROC analysis

of NFIB in decimating sHPT from healthy volunteers. AUC,
area under the curve; CRF, chronic renal failure; NFIB, nuclear
factor IB; ROC, receiver operating characteristic; sHPT,
secondary hyperparathyroidism

in Figure 4A and B demonstrated that NFIB and 1,25(0H),D, levels
were prominently elevated after treatment compared with at admis-
sion ('p < 0.01and p < 0.001).

disease, which then slowed down the bone formation and reduced the
absorption of excess serum calcium and phosphorus.*"* In order to
maintain normal bone metabolism and transformation, patients with
CRF required higher levels of PTH; hence, serum PTH levels in CRF pa-
tients were usually maintained at two to three times of normal value.?’
sHPT was triggered by hypocalcemia, hyperphosphatemia, and bone
resistance to PTH in patients with CRF failure.'® With the development
of dialysis technology, the life of CRF patients has been extended.
However, the incidence of CRF combined with sHPT was increasing,
manifested as elevated PTH levels, hyperplasia, and hypertrophy of
parathyroid glands. sHPT not only caused serious damage to bones

but also aggravated abnormal calcium and phosphorus metabolism,
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resulting in cardiovascular disease, anemia, and damage to the central
nervous system,7‘9 which constituted a vicious circle with CRF. The
KDIGO guidelines recommend that all patients with CRF should be
screened for sHPT disease.?® sHPT management was a stepwise tech-
nique designed to optimize serum calcium and phosphorus concentra-
tions, combining a low phosphorus diet with pharmacotherapy.

Recently, a variety of genes were found to be dysregulated in
sHPT. For instance, Tycova et al. analyzed 485 differentially ex-
pressed genes between nodular and diffuse parathyroid hyperplasia
using enrichment analysis.27 Santamaria et al. verified 16 upregu-
lated and 132 downregulated genes in the nodules in sHPT through
DNA arrays.?® In this study, through bioinformatic analysis in 31
GSE samples, we found seven aberrantly expressed genes in sHPT;
among them, the NFIB level was significantly decreased in sHPT
tissues compared with normal parathyroid tissues. Nuclear factor |
(NFI) was a class of transcription factors that were widely present
in mammals and were mainly characterized by having a highly con-
served N-terminal DNA binding region.?”° Studies have shown that
the NFI family can be involved in the regulation of DNA replication
and gene expression, and promote cell proliferation and differen-
tiation during embryonic development.31'32 In addition, NFIs were
aberrantly expressed in a variety of tumors.?”*® NFIB was a mem-
ber of the NFI family and can be present as a marker in a variety
of tumors and diseases. For instance, Wu et al. reported that NFIB
was amplified in small cell lung cancer, functioning as an oncoge-
netic candidate driver in small cell lung cancer.* Liu et al. confirmed
the tumor-promotive role of NFIB in triple-negative breast cancer by
targeting p21 transcription.35 Another report by Wu et al. demon-
strated that NFIB was elevated in gastric cancer tissues, promot-
ing cell growth, aggressiveness, and metastasis in gastric cancer.3¢
A new study reported by Niu et al. illustrated that NFIB was sig-
nificantly repressed in renal cell carcinoma, regulated by crocin to
promote cell proliferation and migration.37 Moreover, we examined
the serum levels of NFIB in healthy subjects and maintenance he-
modialysis patients with CRF. The results demonstrated that serum
levels of NFIB were significantly lower in patients with CRF com-
pared with healthy controls; among patients with CRF, serum levels
of NFIB were lower in patients with concomitant sHPT. Meanwhile,
the occurrence of CRF combined with sHPT was associated with di-
alysis period, blood phosphorus, 1,25(0H),D,, NFIB, and PHT levels.

Patients with CRF may have different bone loss due to differ-
ent renal functions, which could gradually develop into osteoporosis
(OP) in dialysis patients.®® As renal function decreased, PTH levels
gradually increased and affected the breakdown of cortical bone
and synthesis of cancellous bone, which in turn led to decreased
bone transit and the development of irregular bone.%’ The detection
of BMD can reflect changes in bone strength.*® DXA was one of the
methods used to measure BMD, which quantified bone mass and
bone density.41 From the results, we found that in sHPT patients,
NFIB levels were positively correlated with BMD scores, suggest-
ing the potential of NFIB in predicting sHPT from healthy controls.
Meanwhile, ROC analysis further verified the diagnostic significance
of NFIB in discriminating sHPT from CRF patients as well.

Wi LEYM

Recently, many studies have reported a significant increase in the rate
of decline of intact parathyroid hormone (iPTH) in patients with sHPT
after treatment with calcitriol.*>"%* In the present study, after 6 months
of calcitriol treatment, a significantly increased NFIB and 1,25(0H),D,
levels were detected in sHPT patients compared with pre-treatment con-
ditions. Hence, we proposed that serum NFIB levels may reflect calcitriol
treatment, contributing to clinical treatment and outcomes.

The main limitations of the study were as follows: First, we did not
perform the histopathological examination on all patients or extract
parathyroid tissue samples from sHPT patients. Also, the malignancy of
sHPT was not divided into more subgroups according to the serum PHT
levels in the patients. Finally, all patients were enrolled from the First
People's Hospital of Xiaoshan District. Considering these factors, in the
future, we need to expand the size of sample collection and improve
the statistical methods to make our statistics more generalized.

In sum, NFIB functioned as a feasible biomarker in CRF combined
with sHPT, shedding new sights on therapeutic methods.

ACKNOWLEDGEMENTS

None.

CONFLICT OF INTEREST
None.

DATA AVAILABILITY STATEMENT
The datasets used and/or analyzed during the current study are

available from the corresponding author on reasonable request.

ORCID
Lin Li " https://orcid.org/0000-0003-4875-6184

REFERENCES

1. Cai HD, Su SL, Li YH, et al. Protective effects of Salvia miltior-
rhiza on adenine-induced chronic renal failure by regulating the
metabolic profiling and modulating the NADPH oxidase/ROS/
ERK and TGF-p/Smad signaling pathways. J Ethnopharmacol.
2018;212:153-165.

2. Bruck K, Stel VS, Gambaro G, et al. CKD prevalence var-
ies across the European general population. J Am Soc Nephrol.
2016;27(7):2135-2147.

3. Watanabe S. Low-protein diet for the prevention of renal failure.
Proc Jpn Acad Ser B Phys Biol Sci. 2017;93(1):1-9.

4. Lorenz K, Bartsch DK, Sancho JJ, Guigard S, Triponez F. Surgical
management of secondary hyperparathyroidism in chronic kidney
disease-a consensus report of the European Society of Endocrine
Surgeons. Langenbecks Arch Surg. 2015;400(8):907-927.

5. Block GA, Chertow GM, Sullivan JT, et al. An integrated analy-
sis of safety and tolerability of etelcalcetide in patients receiving
hemodialysis with secondary hyperparathyroidism. PLoS One.
2019;14(3):e0213774.

6. Cocchiara G, Fazzotta S, Palumbo VD, et al. The medical and sur-
gical treatment in secondary and tertiary hyperparathyroidism.
Review. Clin Ter. 2017;168(2):e158-e167.

7. Ge YF, Yang G, Wang NN, et al. Bone metabolism markers and
hungry bone syndrome after parathyroidectomy in dialysis pa-
tients with secondary hyperparathyroidism. Int Urol Nephrol.
2019;51(8):1443-1449.


https://orcid.org/0000-0003-4875-6184
https://orcid.org/0000-0003-4875-6184

8of 8
% | WILEY

8.

10.

11.
12.
13.
14.

15.

16.
17.
18.

19.
20.
21.
22.
23.

24.
25.

26.

27.

28.

YU ET AL.

Cogan MG, Covey CM, Arieff Al, et al. Central nervous system man-
ifestations of hyperparathyroidism. Am J Med. 1978;65(6):963-970.
Saksson E, Ivarsson K, Akaberi S, et al. Total versus subtotal
parathyroidectomy for secondary hyperparathyroidism. Surgery.
2019;165(1):142-150.

Friedl C, Zitt E. Role of etelcalcetide in the management of sec-
ondary hyperparathyroidism in hemodialysis patients: a re-
view on current data and place in therapy. Drug Des Devel Ther.
2018;12:1589-1598.

Rodriguez M, Rodriguez-Ortiz M. Advances in pharmacotherapy
for secondary hyperparathyroidism. Expert Opin Pharmacother.
2015;16(11):1703-1716.

Xu J, Yang Y, Ma L, Fu P, Peng HY. Cinacalcet plus vitamin D versus
vitamin D alone for the treatment of secondary hyperparathyroid-
ism in patients undergoing dialysis: a meta-analysis of randomized
controlled trials. Int Urol Nephrol. 2019;51(11):2027-2036.
Khundmiri SJ, Murray RD, Lederer E. PTH and Vitamin D. Compr
Physiol. 2016;6(2):561-601.

Vaira V, Verdelli C, Forno |, Corbetta S. MicroRNAs in parathyroid
physiopathology. Mol Cell Endocrinol. 2017;546:9-15.

Bilezikian JP. Hypoparathyroidism. J Clin Endocrinol Metab.
2020;105(6):1722-1736.

Baker LR, Abrams L, Roe CJ, et al. 1,25(0OH)2D3 administration in
moderate renal failure: a prospective double-blind trial. Kidney Int.
1989;35(2):661-669.

Roxe DM, Mistovich M, Barch DH. Phosphate-binding effects of
sucralfate in patients with chronic renal failure. Am J Kidney Dis.
1989;13(3):194-199.

Bover J, Egido J, Solozdbal-Campos E, et al. Vitamin D, vitamin D re-
ceptor and the importance of its activation in patients with chronic
kidney disease. Nefrologia. 2015;35(1):28-41.

Block GA, Bushinsky DA, Cheng SF, et al. Effect of etelcalcetide
vs cinacalcet on serum parathyroid hormone in patients receiving
hemodialysis with secondary hyperparathyroidism: a randomized
clinical trial. JAMA. 2017;317(2):156-164.

Li PL, Liu QF, Tang DQ, et al. Lesion based diagnostic performance
of dual phase 99m Tc-MIBI SPECT/CT imaging and ultrasonography
in patients with secondary hyperparathyroidism. BMC Med Imaging.
2017;17(1):60.

Jiang SQ, Yang T, Zou Q, et al. The role of 99m Tc-MIBI SPECT/CT
in patients with secondary hyperparathyroidism: comparison with
99m Tc-MIBI planar scintigraphy and ultrasonography. BMC Med
Imaging. 2020;20(1):115.

Zeng M, Liu W, Zha XM, et al. 99m Tc-MIBI SPECT/CT imaging had
high sensitivity in accurate localization of parathyroids before para-
thyroidectomy for patients with secondary hyperparathyroidism.
Ren Fail. 2019;41(1):885-892.

Zhang RQ, Zhang ZW, Huang PB, et al. Diagnostic performance of ul-
trasonography, dual-phase 99m Tc-MIBI scintigraphy, early and delayed
99m Tc-MIBI SPECT/CT in preoperative parathyroid gland localization in
secondary hyperparathyroidism. BMC Med Imaging. 2020;20(1):91.
Livak KJ, Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta C(T)) method.
Methods. 2001;25:402-408.

Coen G, Mazzaferro S, Ballanti P, et al. Renal bone disease in 76 pa-
tients with varying degrees of predialysis chronic renal failure: a cross-
sectional study. Nephrol Dial Transplant. 1996;11(5):813-819.

Filipozzi P, Ayav C, Sime WN, et al. Trajectories of CKD-MBD bio-
chemical parameters over a 2-year period following diagnosis of
secondary hyperparathyroidism: a pharmacoepidemiological study.
BMJ Open. 2017;7(3):e011482.

Tycova |, Sulkova DS, Stépankova J, et al. Molecular patterns of dif-
fuse and nodular parathyroid hyperplasia in long-term hemodialy-
sis. Am J Physiol Endocrinol Metab. 2016;311(4):E720-E729.
Santamaria |, Alvarez-Hernandez D, Jofré R, Polo JR, Menarguez J,
Cannata-Andia JB. Progression of secondary hyperparathyroidism

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

involves deregulation of genes related to DNA and RNA stability.
Kidney Int. 2005;67(6):2267-2279.

Chen KS, Lim JWC, Richards LJ, Bunt J. The convergent roles of the
nuclear factor | transcription factors in development and cancer.
Cancer Lett. 2017;410:124-138.

Dekker J, van Oosterhout JA, van der Vliet PC. Two regions within
the DNA binding domain of nuclear factor | interact with DNA and
stimulate adenovirus DNA replication independently. Mol Cell Biol.
1996;16(8):4073-4080.

Gronostajski RM, Adhya S, Nagata K, Guggenheimer RA, Hurwitz
J. Site-specific DNA binding of nuclear factor I: analyses of cellular
binding sites. Mol Cell Biol. 1985;5(5):964-971.

Hsu YC, Osinski J, Campbell CE, et al. Mesenchymal nuclear factor
| B regulates cell proliferation and epithelial differentiation during
lung maturation. Dev Biol. 2011;354(2):242-252.

Fane M, Harris L, Smith AG, Piper M. Nuclear factor one tran-
scription factors as epigenetic regulators in cancer. Int J Cancer.
2017;140(12):2634-2641.

Wu N, Jia DS, Ibrahim AH, Bachurski CJ, Gronostajski RM,
MacPherson D. NFIB overexpression cooperates with Rb/
p53 deletion to promote small cell lung cancer. Oncotarget.
2016;7(36):57514-57524.

Liu RZ, Vo TM, Jian S, et al. NFIB promotes cell survival by directly
suppressing p21 transcription in TP53-mutated triple-negative
breast cancer. J Pathol. 2019;247(2):186-198.

Wu CQ, Zhu XJ, Liu WZ, Ruan T, Wan WZ, Tao KX. NFIB pro-
motes cell growth, aggressiveness, metastasis and EMT of gas-
tric cancer through the Akt/Stat3 signaling pathway. Oncol Rep.
2018;40(3):1565-1573.

Niu L, Wang XF, Wang XR. Crocin suppresses cell proliferation and
migration by regulating miR-577/NFIB in renal cell carcinoma. J Biol
Regul Homeost Agents. 2020;34(4):1523-1527.

Miller PD. Treatment of osteoporosis in chronic kidney disease and
end-stage renal disease. Curr Osteoporos Rep. 2005;3(1):5-12.
Kostenuik PJ, Ferrari S, Pierroz D, et al. Infrequent delivery
of a long-acting PTH-Fc fusion protein has potent anabolic
effects on cortical and cancellous bone. J Bone Miner Res.
2007;22(10):1534-1547.

Pérez-Saez MJ, Herrera S, Prieto-Alhambra D, et al. Bone density,
microarchitecture, and material strength in chronic kidney dis-
ease patients at the time of kidney transplantation. Osteoporos Int.
2017;28(9):2723-2727.

Laugerette A, Schwaiger BJ, Brown K, et al. DXA-equivalent quan-
tification of bone mineral density using dual-layer spectral CT scout
scans. Eur Radiol. 2019;29(9):4624-4634.

Zheng CM, Wu CC, Hung CF, et al. Cholecalciferol additively re-
duces serum parathyroid hormone levels in severe secondary hy-
perparathyroidism treated with calcitriol and cinacalcet among
hemodialysis patients. Nutrients. 2018;10(2):196.

Zhang T, Ju HB, Chen HJ, Wen W. Comparison of paricalcitol and
calcitriol in dialysis patients with secondary hyperparathyroidism:
a meta-analysis of randomized controlled studies. Ther Apher Dial.
2019;23(1):73-79.

Chen CL, Chen NC, Liang HL, et al. Effects of denosumab
and calcitriol on severe secondary hyperparathyroidism in di-
alysis patients with low bone mass. J Clin Endocrinol Metab.
2015;100(7):2784-2792.

How to cite this article: Yu J, Song Y, Yang A, Zhang X, Li L.
Serum nuclear factor IB as a novel and noninvasive indicator

in the diagnosis of secondary hyperparathyroidism. J Clin Lab

Anal. 2021;35:e23787. https://doi.org/10.1002/jcla.23787



https://doi.org/10.1002/jcla.23787

