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Abstract

Key words

Background and Aims: Secondary hyperparathyroidism (SHPT) is one of the most challenging
complications of chronic kidney disease (CKD), characterized by a series of calcium and phosphorus
metabolism disorders, osteomalacia, and malabsorption, which severely affects the quality of life of
patients. Currently, clinical treatment is unsatisfactory, and no ideal target molecules have been
discovered. This study was conducted to identify candidate target molecules for SHPT, so as to provide
new targets for its treatment.

Methods: The specimens of 5 fresh normal parathyroid tissues and 15 SHPT patient parathyroid tissues
were collected from the Department of Pathology of Xiangya Hospital between 2017 and 2020. Among
them, 2 normal parathyroid tissues and 5 SHPT patient parathyroid tissues were used for RNA
transcriptome sequencing to obtain the differentially expressed genes, and the core genes were identified
through functional enrichment analysis, PPI network construction and topology algorithms. The
expressions of the core genes in the remaining normal parathyroid tissues and SHPT patient parathyroid
tissues were validated using qRT-PCR and Western blot, respectively. Immunohistochemical staining was
performed to detect the expressions of the core genes in the paraffin sections of 36 SHPT patient
parathyroid tissues, and 16 normal parathyroid tissues that were inadvertently resected during thyroid
surgery.

Results: A total of 1 323 differentially expressed genes were identified by RNA sequencing, and 10 key
genes were screened through construction of PPI network and topological algorithm. Among them,
dipeptidyl peptidase 4 (DPP4) was further validated due to its close association with diabetes. Results of
gRT-PCR showed that the mRNA expression level of DPP4 in the parathyroid tissue of SHPT patients
was significantly higher than that in normal parathyroid tissue (P=0.005 1); results of Western blot
showed that the protein expression level of DPP4 in the parathyroid tissue of SHPT patients was
significantly higher than that in normal parathyroid tissue (P=0.006 0); results of immunohistochemical
staining showed that the positive rate of DPP4 in the parathyroid tissue of SHPT patients was
significantly higher than that in normal parathyroid tissue (P=0.006 9).

Conclusion: The expression level of DPP4 is significantly upregulated in the parathyroid tissue of
patients with SHPT, indicating that DPP4 may be involved in the occurrence and development of SHPT,
and may be a potential therapeutic target for drug treatment of SHPT.

Hyperparathyroidism, Secondary; Dipeptidyl Peptidase 4; Protein Interaction Maps

CLC number: R653.2

4 % P B OIR 3 M B8 JC 3 (sccondary
hyperparathyroidism, SHPT) & 12 M & W &
(chronic kidney disease, CKD) Y ™ & 31 & i Z

B S LI P RIS R AT e AT, SRR 25 S R AR
Wil Je e P 3k 2k 2 S ek S MY A 2 1 -2 A
HAEMH (protein—protein interaction, PPI) [ 2% 31 1/

— U R A A B A T ORR 55 R Y T i A
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FH #0055 s UG ZORK R OBK B8 4 (dipeptidyl
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AHIFGE I F 2017—2020 4F 1 ig ke 25 3 1 B
I BERE 3R Y 20 ) BEOR 55 R AL LR A, A EE 5 )
TE UK 55 B 4 20FN 15 491 SHPT 2140, 4l 413 A7
T A T DA SCIG A . BEALE I 2 4] 1E 5 B R 5%
Ji 4L ZURN S 5] SHPT 20 2130647 RNA-seq 7, oAyt
TR esess. 1SHISHPTHLUR AL F % (1) CKD
515 (2) SHPT B3 78 g 2 WHE B= B 47 HY bR 5%
BRDIBR AR, DA FOIR B TR b B0 i R 2% R
AU ARAG S B I F AR SEIRARAS o BT bR A 4 B
Joi Sr B R O B AE T AR RS, i A
WG L4 5 ML 4L, —196 C IR AR AT . 9 e B
WHHE B= e A7 14 1) 52 i) IR 55 B bm A . Hrh 4k &
FEIR 25 BR TCHE A7 S bR AR 36 1], FOIR IR F R R DI IE
R S5 IR A B AR A 16 B, T A A AT R
BRFAR, ARJGHHUESE R HR MR . BT A REAR Y
2L NG = ST O R | R (oL
S 2022-KT175) .
1.2 FHik
1.2.1 %2 J & £ & R (differential expression genes,
DEG) % 3] B 7tk o 41 T4 HUOIR 55 iR 41 8L A 1
B 2% A b 5t A R FE DR ZH F 5 0T 2R AT e Al R I
46 5 RNA, JF X R T & AL ], ffi ] RSEM T
B AT B R 2 i3RIk 00, IF H Noiseq 7% (4351
T 4 A 35 DR 76 b T 20 R %o B 4 v 0 SR 24 ki
B 5 T 512 5 DR A 1 20 T 1% 25 5 5 R LA R A 5
HEFAEH (probability, prob) , fi )i ¥4 I8 25 5 £5 % >2
T A 5 R A >0.8 11 b o 07 8 11 25 S ek B R 4y
BTN TR R A [A) 3 PR i R 25 R 22 5, MTAT R
% 1 DEG. ¥ Fr /7 DEG I+ 1£ 3| DAVID %t 4% &
(www.david.nciferf.gov) 4T GO I BE I # F1 KEGG
wHESH .
1.22 HE KRG R-%& 48 A48 Z AR K% (protein-
protein interaction, PPI) M %4 $f 514 /> log2FCI>2 M
prob=0.8 ] DEG | £ % STRING %% 4% /% (functional

protein association networks , htips:/string—db.org ) 4 %
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PPLI 2% o fdi JH BRIA S BT 264 2 (meaning of

network edges:  confidence;  minimum required

interaction score: 0.400) "1 JhAh, — b 5 FH i 5
N 22 Bk A e (R S50, 7648 L PPI
W 245 rp 5 H At 36 PR O TG SC BRI JE D)t A
2 5B

1.2.3 Al e Al GURUORE, RN EE
S HEAFE LY b n) 2R H M
Koo WEAE UL, B E 2 Y AR 0T R T B
oL . AHHF 58 f# F Cytoscape B AF 8 2 PPI W 4%
RSB B . K PPLI 45§ A Cytoscape B4,
FIF “cytohubba” (— 3k AT L3 i 22 Fh 4 5 33 45
F PPL W 45 i 0 S i 48 ) v Y EcCentricity $f
FINGE AR A A

1.2.4 qRT-PCR I TRIzol 3 42 B & RNAM I 5
RNA ¥ B, SR 5 (1 3 7% 5 300 & (SureSeript™
First-Strand ¢DNA Synthesis Kit, CeneCopoeia) AR
] — Jf & 1) ¢cDNA, $% B All-in-One™ gRT-PCR Mix
& 4 #E 47 qRT-PCR. DPP4 [ 5] ¥ 1E 1] : 5-TGG
CGT GTT CAA GTG TGG AAT AGC-3'; JZ [ :
3'-ATG TTG GTG TGC TGT GCC TAG-5', A 5241
EINCIKR/

1.2.5 Western blot $EHUEE )5, i BCA 15 &
B, BEbR I 2 A0 F R G (E W OF
BIE, JRex@lAE N bR 4, bRt & m R~
0.99 B, AT FHFR v i £ A4 313 ORI B AR I 2 1
v BE R A DN AR 1 RO AE AR A AR it 2 A 2K
IR EAWRES LK. H 10%SDS-PAGE 4 &
BH, BEANRR O . PR % T TBST
1) 5% B Mg 4 W5 v, I 5 $L GAPDH 9 — 1t
(Proteintech, 1:2 000) £ DPP4/CD26 %t 2 v P P44
(CST, 1:2000) 74 CFMHELHR . SRJ5H TBST
Ve 3 W, W 10 min, JHOE Y B =
(Honorgene, 1:300) #t—2E1F & 1h, Wik3 k)5,
M ECL 2G4 MAE 5 .

1.2.6 HE# & il 45 )& 50 3~4 pm [ A 5 21 41)
o, RS I B 15 min, SRS MR IR AE TC K 2
95% W9 A F1 75% W KGR . Y1 B4 A 5 min, B
R YL IR B, WK HYES min, PRI Ye( 20 s, A
KFYE S min, SRIGFETCAK L BE . 95% WiKE . 75%
WK RS min, feJa AP HEREE R BMET
WL,

1.2.7 s & X524 (SHPT 4136 f4], 1F
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HHR MR A 16 ) fRR DAk A B (FFPE)
LY R T R A A B KRS 12 h
B, ¥ B TSI 10 min, YR AE TG K £
FRIBK . PBSIRL, B4 Y] A EDTA $it s g &=
W(pHE9.0) W, 7EmEEMPBEEHE 15 min, [
T 5 e A Ak 2E PR A L, P R e A A
fiti, 37 CIEAEWERE 20 min, FPBSVE . 244y
A —9i4 CHELREMHEHPBS RS, —H=EiR
i 7/ 20 min. P J5 AR UC A ] DAB B B E . I8
ARG BRI, B A5 BT IR
DPP4 (1 K 3k o A B 58 18 1 B9 $T 4Ky % DPP4/CD26
Z iRk (CST, 1:200) .
1.3 SGitFabiE

A B SPSS 20.0 S8 it B AF AT o0 M, 4L IR L
R M ST FEAR (K5, P<0.05 h 22 5 A it

B

2 % R

2.1 DEGIRAIKINEESH

fd F RSEM T Xt 3 PH e ik i A7 2 & 401, JF
K HIFPKM J7 kit 5 ik & o w400 1 323 4>
DEG, o EJHEER 6484, TR 6754 (& 1),
GO DI g vE B M KEGG & 4 Hran & 2 s . GO &
Eabr (K 240) FRWTE A M H S (cellular
component ) 1, DEG 7= B 43 7 176 21 J 2% A0 41 it I
TE4rFHHE  (molecular function) 1A, R 3 57 )43
B R A A ARG S S A Y R
(biological process) W| 3= Z 4L rh 7L 40 JL 3G 2 . LB
P sl AR IS Bl . 38 8% 23 B s DEG £ 2E 4R
AR S5 T . FRIE MR R G (E2B).
2.2 PPIMZ&zE

FEFY PPN 45 ik R v, A7 95 AN SE R 5 Al
HEHRZH S PWgEMNEE . R, G 419 095 5
(BT A5 A0E 1A DEG) M AL T 5 & Y PPT W 4%
(FE13) o A0 HE PR PR 5 0 ik 38 o 58 — Q8 iE
AR SRS T 1 323 N DEG, R T HFSE X
Y DEG W4 TRE, XA DEG #4177 GO Tfig
TR KEGG & 220 M, I 38 33 # £ PPL I 2% X &
AT HE— 243 M o 55 FF PPL I 45 5 A Cytoscape
HEAT 0 1 30 3 F A B 10 A G i IE A
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PDGFRA . ETV4, DPP4, TGM2., THBD. FOS.
JUN., ANO1. MMP-9, DACT2. il i 7£ PubMed %
SCHR B A R R LA KA B A DG 3 (https://www.
n(tl)i.nlm.nih.gov/gene) J& % B DPP4 23X 10 3L K
5N ARG AR NEVIWIER ., Fi,
DPP4 1 S 100 5 R 3 64T B I
2.3 DPPAZEIEERKFRALR P S SHPTHRH

HIRIE

kT X L DPP4 7 1E # HUIR 55 i 41 41 rh 5 SHPT
AN RAW 2SR, AR T 3 6] 1F 5 H R
5 IR 4215 4 ] SHPT 4141, & ¥ DPP4 mRNA 7F
SHPT F8 & HBR 25 B 4 20 2 3R B0 0E % HOIR 55 iR 2
LU @ TF & (P=0.005 1) (&1 4A) . F Western blot
7 3 1) 1E F H IR 55 MR 41 415 6 5] SHPT £ 35 H AR 5%
B 2L, UL B FH s 41 AR TE 16 ] 1F H FOIR 25 B 4
21 5 36 5] SHPT & 4 H R 55 B 4 80 b 55 3F DPP4 2R
%3k 2% 5, Western blot 25 B 4% 7% , DPP4 £ SHPT
BE R RA L P REHE FIE (P=0.0051)
(E4B); Ry dlfbss L Wos, DPP41E SHPT 441
o RH PR R B TR R B AR SE R AL 4L (P=0.006 9)
(K5).

Define: Regulated |Probability=0.8 & abs(log2(Y/X))=1} - No(15954) - Up (675) - Down (648)

1)
n

0.0

-2 0 2 4

log10(Gene Expression Level of normal)

log10(Gene Expression Level of secondary)

E1 IEFEBRERALINSHPT FRFBAEAL[ERRIEE
RE (X, YARBYNERRZENTHE, B
RTITNAER, #ERTLRAEE, BRNEREEE
ER7ERA)

Figure 1 Scatter plots of gene expression in normal

parathyroid tissue and SHPT parathyroid tissue

(with logarithmic values on both the X and Y

axes; blue representing down-regulated genes,

orange representing up-regulated genes, and
brown representing non-significantly different

genes)
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Figure 2 GO functional annotation and KEGG enrichment analysis

A: GO analysis (X-axis representing the number of DEGs,

represented by the square root; Y-axis representing GO annotation items, with blue color standing for biological processes,

brown color standing for cellular components, and orange color standing for molecular function); B: KEGG analysis (X-

axis representing the number of DEGs; Y-axis representing second-level KEGG pathways, which are belong to different

first-level pathway and represented by different colors in the graph)

E3 PPIM%Z (B4 TRARBINE-—HNEARFHERESENAEEAR; TRZENERREARSEBRZEHN
KEK, HEMREAMAEEXY, IEARLRRSH T - HEMNIGE, EXFAA—EERECIHEEZ BEYWELH

%#AR)

Figure 3 PPI network (each node representing all the proteins produced by a single protein-encoding gene locus; the lines

between nodes representing the associations between proteins, with specific and meaningful purposes, indicating

that the proteins collectively promote a common function, but this does not necessarily mean that they are physically

bound to each other)
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Figure 4 Expression of DPP4 in normal parathyroid tissue and SHPT patient parathyroid tissue

mRNA; B: Expression of DPP4 protein
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DPP4( x 20)
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Figure 5 Immunohistochemical detection of DPP4 protem in normal parathyroid tissue and SHPT patient parathyroid tissue

3 i #

SHPT /& CKD f& 3 19 % Wit & iE 2 —, HaER
{48 PTH Tt 5 5 0 4 03 A 5 2% 7 DL R 4 A= 25 D Ml
,%:ﬁﬁﬁéﬁD(Lzy(mnp)%ﬁz
0 pE g B, SHPT & R I 1 3 KU 38
W KA T B E WA R, SRR, B
i Az K T 23 (fibroblast growth factor 23, FGF-
23) W] 7E CKD K BRUARE Y v i 5 7 o U, SR
[f] % SHPT (367, A7 e B SHPT /4 & i AL 61 K
“h SHPT f8 35 401 125 A Al o

EIN RS BUNC SN =B D5 2 5 N o |
1T 13234 DEG. A T W5 iX 4 DEG B A= ¥ 2= 1)
fie, XA DEG $EAT T GO B fig v B I KEGG & 4k
Sy AT, 3 o A # PPL I &5 e AT E AT ik — A2 A
B o Hx 2 0% BLH v 1) DPP4 5 14 43 W 55 s %5 D) AR
XK, At —L M MAE.

DPP4 J& — M AL S B 1, )8 T I 2 R 55 Ak
Filf 05, A 45 4 if 2 1T VRN Z2 R A b T iz
FIRP, TEE RS, DPP4 ik TR E Yk B
40 M BE, B CD4* CD45 RO CAZ T 4N, Ff-78 T 40
LT 5 B RO BR T VRS T 4 R 0E B AR R
Hh, CD26 i AE N =5 55 b /Y BLAS il 35y 75 T 4 il
ERFEIESUN ¥ (P
DPP4 J& — B 41 fif 2% 11 2 (1B, & 1 il 208 55
IKEE A . fE— A4 Tk 4l 3Rk, s
Jo BRUS, RCR  Z i SE 0 & K DPP4 i Rk 5 £
Tl o A7 A2 AH S, 26 Bl R 5 S5 9 1 A8 e vh
Eﬁwfﬁﬁ%ﬁﬁmﬁx,ﬂi A 7KV 5 0 E
HE J R iR M AT R AR TN DPPA 1 i 5 2
91 CKD H 35 5 0 B0mE PR 25 ™, FL 2ok 38 m
I F R R I B R ALK 1 (glucagon-like peptide 1,
GLP-1) VB, M3 & 2= 40w, o0 i 4%
Hil>, A UL AT L, DPP4 7 PN 43 W R G0 16 9T
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CakET —EEM. FE AR N DPP4 (1 15 H
5PTH & R IEA L™, BB MRS LB, MR
BB R A SHPT (9 KUR 3 I, £E 2~4 B CKD &
S AERE R B A EL L BE DR BB A 7E CKD i 2 h
&M= SHPT By B[] 55 B . ik, DPP4 5% 7E SHPT 1Y
Jpa P it R h R T EEAE .

06 DPP4 (1% 15 P 2 4 0E B AT Jin 5 g 38 1557 19
WA, I T HENERYR (NEER)
WIAER, Wi WAk G P iE i B 0N TR 3% GLP-2 i
Ry HB M BE RN DPP4 4 i) B2 AR TR R AR 0
CKD &35 b g n] UL 38 02 9 28 RN g g A el A2
P K Jg 38 Bt B D) BE 09 i R, 38 o S B E AR
i A2 IR T IR T LAyl N RN W R 1 DR B O B
R (U R ) gk 1 A0 6E FE g ) B0 SLAT DL e
6 o 18 BR 58 OR ol RN B Y B T AR, AE 516
FUIBr KRR FBEAESh A, B &M H &4
F O 8 PR EE T DL B T RE L X 30 & SHPT
() — B 25 W3R 97 I 809, DPP4 [ 3% 1 A 1 B ] i
o 38 TR R AR AR T SHPT TR IT

A B9 & R DPP4 75 SHPT i & 1 WKk 25 it 21
21N mRNA K2R KO- (0 26 38 B B o 1 1E & HOIR 5%
BRALEL, X B KA DPP4 5 & SHPT 1247 i) ¢ 8t 43
T SR, A MREDIFR, A B O E W B PTH
AL DPPA Y TE M . SF A b, TR T S )
R oy S AR, SO AE 2 R % [E] I 45 PTH
5 DPPA Z A R, TEATE B 15 5 T Ly
J7 300 GE R R, 0T AR S B 2 R Y %om
T R 55 i A L 5 S 0 IR HE L R BIF 5 A A A
JZ 181 I ETIE DPP4 X T H IR 2% BiR 41 it T g 18 1) 52
i AR 2 O R T BILRL A R R AR JR S5 58
A DL K AE B S 56 v 3 IE DPP4 X T SHPT 167 15K
Ro ZE Efrid, 245NN DPP4 A HEZ: 55 SHPT [ &
&, BRI SHPT IR #E S T2 —

MaFR: AL AEAREEMNZT R

VEETHR AR ZUT 0T R T RESHT  LE
BE A XA FTDPP4M ihit; 2 BRI AE T FH
TARAOKIE ; 3 % R LA B3 L FEF R,

2% UMk
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