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The effects of abrupt fluctuation of blood glucose and insulin on serum PCSK9 level
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[Abstract] Objective: This study aims to investigate the influence of abrupt fluctuation of blood glucose and insulin on serum
PCSK9 level during intravenous glucose tolerance test (IVGTT) , and its potential relationship with glucose and lipid metabolism.
Methods: IVGTT were detected on 23 healthy lean and 52 patients with obesity or abnormal glucose metabolism. Personal medical
history and anthropometry were recorded. Lipid profile, liver function and kidney function were measured in fasting serum samples.
Serum PCSK9 levels were detected in serum samples collected during IVGTT at different time points. According to the ratio of serum
PCSK9 content between 4 minutes post intravenous glucose challenge and baseline, participants were grouped into the down-regulation
group, the stable group and the up - regulation group. Glucose and lipid metabolism parameters were compared across these three
groups. Besides, free fatty acids, ceramides and their metabolites in 39 serum samples were determined by high throughput targeting
lipidomics. Results: In general , baseline PCSK9 level was positively correlated with total cholesterol and fasting C-peptide level after
adjustment, but basal PCSK9 level was not corrected with fasting insulin level. With the increase of blood glucose during IVGTT,
insulin increased sharply, accompanied by the fluctuation of serum PCSK9 level. The results showed that the basal PCSK9 and fasting
insulin levels in the down-regulation group were significantly higher than those in the stable group and the up-regulation group , and the
proportion of prediabetes and diabetes in the down-regulation group was higher. In addition , the serum levels of total ceramide and total

glucosylceramide in the down-regulation group were significantly higher than those in the other two groups. The positive correlation
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between baseline PCSK9 content and CER D18: 1/24: 0 and GM3 D18: 0/24: 0 in lipid subclass analysis remained even after

adjustment for other factors. Conclusion: During IVGTT, serum insulin level increases sharply along with instant increase in blood

glucose, and serum PCSK9 content fluctuates as well. The fluctuation patterns of serum PCSK9 level during IVGTT is related with

basal glucose and metabolism status.

[Key words] PCSK9;IVGTT;insulin; ceramide
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F R, 0.8<P4/0<1.2 M4, P4/0> 1.2 0 I
FHeH .
13 %it¥5

K FH SPSS 23.0 A TR A G 1T AT, W45
T F6 Bm 1 AT 1E A5 PR 43 A 00 RG 56 R J 2% 5 MR I R
5o XHFE IR A0 B 224 &, {fi FH Pearson 7253
TP R 2R Z 8] AR S 53 BT, XEANAG 5 TE S 3 A
3% 2270 i D S A9 7 &, 1 Spearman 15470
Mo XFFIES 0 SR i, {4 one-way ANOVA
PEATA ) 25 S A, A T P LA I fe R 5
2 # B
2.1 BARALPCSKIK-F 5 % AMRgHAR 24
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GGT.C KK FEAAERSR IEA R (1) HH

5 TC . C KA IEAH S ETER IE F R HAAH SR 2
JE A RAEAE (2 2) s (B 5 25 IR e 5 2K P 0 i 3
FHICHE
2.2 foik PCSK9 K -F3h & E AL

FIH IVGTT T #3708 = e 5 R AR
LEOIEI B 2 S PCSKO 2 551 4~5 min (475,
PEH 0.4 .10 min 3/~ [a] &0 22 113 PCSK9 7K -1
AL, A 4 min 5 0 min PCSKO 1 HLAE (P4/0)

F*1 E#iMFEPCSKIKTFSEZRIGFHEIRIIEXES 7
Table 1 Correlation analysis between basal serum PCSK9

levels and various metabolic markers

izt r{E Pia
AR 0.306 0.010
BMI 0.217 0.072
ALT 0.223 0.064
AST 0.261 0.029
GGT 0.256 0.032
LDH 0.165 0.173
TBIL -0.002 0.987
DBIL -0.135 0.266
IBIL 0.106 0.385
TC 0.365 0.002
TG 0.031 0.800
HDL-C -0.048 0.694
LDL-C 0.328 0.006
Lp(a) 0.030 0.803
SR -0.021 0.866
HEH -0.144 0.236
IR 0.229 0.057
JEES &R 0.210 0.081
C ik 0.267 0.027
NG S -0.096 0.429

&2 EAHME PCSKI KT 5 &R EHEIRA & %R T
B2l
Table 2 Linear regression analysis of basal serum

PCSKD9 levels and related metabolic markers
TR AT Beta P S P PiH

1 TC 0.420 0.164 <0.001
2 (#&ik) 0.475 0.202 <0.001
TC 0.395 — 0.001

ZCK 0223 — 0.045

REHIHERR (A5 T A 45 < 4R L AST .GCT LDL-C, B0 1. 3R 1
1 PCSK9 /K-y PR A4, Fe &4 AR T 25 4y TC , HERR A8 1 AR
##% \AST .GCT \LDL-C . 7S i C ik s LAY 2. KLl i 35 PCSK9 7K Ry 1A
A B YA TN AR 5k TC FN28 8 C K, HEIR 28 5tk AR
AST.GCT.LDL-C.,
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(K 1A) , & LAE IVGTT Y 0~10 min N PCSK9 fit 75
LR TR LTE JEARAS 3Rt ss, it — 2B iR
Po3 AT ST = A R SR, FEE PA0 < 0.8 4 T
H (n=221),0.8<P4/0<1.2 HFaE 4 (n=151]) , P4/
0> 1.2 8 EFA (n=33 ) , J5 L5 Bk s Lk s34
JETF . TR LH B4R PCSKO /K S kasE 40 R T+
YA B R TFE [ (111.56+£50.38) ng/mL vs. (65.67+
30.19) ng/mL, P < 0.001; (111.56 + 50.38) ng/mL wvs.
(68.38+23.83 ) ng/mL, P < 0.001, & 1B], T 3 41 1E4F
W ) BMIL, 2 M 25 46 bk 18] T 35 25 e (3R
3) o ST R 2H 1 s N I 5 2R KT 05 H A 7 4
[ (207.9£118.2) wmol/L vs. (124.8+97.0) pmol/L,
(122.9£122.7) pmol/L] , P=0.023) , {H 3 2 [ia] — 4 %
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5 F 53U (FPIR) A7 i 3 22 5 (P=0.703) . AR
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PCSK9 /K V¥ Tc i % 25 7= (K 1C.D) , BIFE IVGTT ik
T 3 41 PCSK9 MA[R] (1472 i PR 285 e 1 ) — 7K -
WMEEEN TVGTT Ji5 60 min R F24H PCSK9 /K P-4 HiAth
PIZHA B2 T [ (109.19+36.69) ng/mL vs. (78.71
38.52) ng/mL, P < 0.01; (109.19 + 36.69) ng/mL wvs.
(77.54.38+30.30)ng/mL, P < 0.001 |, 532 PCSK9 7K
SEAHIE, AR, T4 HOMA-IR #8088 E 4 M I THA
WE TR (F3) ; HARYE OGTT 455, R F4H b IR
R HTI BRI AR e S T RE A & LT
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A ARG IVCTT 4 min B PCSK9 /K P32 328 1 HL(E 434, <0.8 A T FA4L;0.8~1.2 WA 4l 5>1.2 - EFHAL; B~D: IVGTT i 2 H1 0.4 .10 min X

AL PCSKO K- 5 R RRE AL, P < 0.001,

E1 BEEEEMNEZ(IVGTT) FMiEPCSK9 /K FERZELERX

Figure 1 Changes of serum PCSK9 levels during intravenous glucose tolerance (IVGTT)

2.3 ) PCSK9 2% 34 X a4 18 2R o #4 fig K34t 69 3%
v 5 B A

39 {5 L 1 37 B ot 2 S Aar ) d 7 CHEH R a2
9 1 (23% ) , f& & 4 9 6 (23% ) , L F+ 4 21 14
(54%) ) , 3 ZHIB) PR 2R B (Cer) HAHEAH 28 Bk (Glu-
Cer)A W FH L (F4), HIFL PCSKI /KF5 Cer ff
TETFAE KRR (7=0.442,P=0.005), FF#4 Cer.Glu-
Cer it & T HABPIAL (& 3) o W2RA3HT 7 18, i 5
JIE 5 2 (FFA)12: 0. Cer d18:1/22:0.Cer d18:1/24:
1.Cer d18:1/24:0.GluCer d18:1/16:0.GluCer d18:
1/18:0.GluCer d18:1/20:0.GluCer d18:1/22:0.Glu-
Cer d18:1/24:1.GluCer d18:0/24: 1, GluCer d18: 1/
24: 0, GluCer d18:0/24: 0 L #f £ I iz (LacCer)
d18:1/20:0 ., LacCer d18:1/22:0 #HZ35 15 (GM3)
d18:0/24:0 78 3 A M A AE 2 25 57 . WUER A DGk
T ER B4 PCSK9 7K V- 5 Cer .GM3 . FFA 12:0,
Cer d18:1/24:0.GM3 d18:0/24 . 0 fFETFAH LR R,
Hit— A2 IE T BMIL AR S AL C A R R A
H 2k PCSK9 5 Cer d18:1/24:0 2 GM3 d18:0/24:0

Y TEARSC G R ATIRATAE
3 %W it

ANHFST FBAT AR & B - OFE Dk o 20 0 671 g
10 min P IIBEF R 51 & 05 R 2B T fE v,
IML3E PCSKO /K- AR S 80 e e T 3 A
o H A5 PCSKO  [4H L2k PCSK /K- ik 25 5
THAMML, @ FRE4 LDL-c A WIHESZE 251 C
Jik \HOMA-IR AST F1 GGT & 3 i T HA MG 21 , ELjBe
BEEPREEFE PSS ARG ES ., O
i — 20l P e B [ i SO 2 2 0 B 4 4 B
BRI R PR 2 mE e O R AR T ) S R
B2/ N S (IR S R N SR 1 (2L 8
Sl 2 T AL, H 32k PCSK9 5 Cer d18:
1/24:0 % GM3 d18:0/24: 0 IEM KR R A K IE TG
TSR

WE AR ST A fd B 7 4F AR IR 22 J5 LobE N
T 2 AUBE DR T PR 2~24 h IR A5 A9 1 JiR
5 FR T 2 R e e Xy T AN [ 9 M R
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®3 RIVGTT2H ME PCSKI 7 4 min 5 0 min §9 L BT AR L 5 1Y
Table 3 Baseline data of groups according to the ratio of serum PCSK9 at 4 min to 0 min during IVGTT

i H I (n=22) gl (n=15) LT (n=33) P{H(ANOVA)

B4z il 8/14 5/10 11/22 —

AR (%) 28.5+84 30.1 + 14.4 26.0 6.2 0.312
BMI(kg/m?) 34.0+7.7 28.8+7.8 28.6+9.3 0.056
ALT(U/L) 91.3 +93.5 419478 49.5 +70.6 0.076
AST(U/L) 67.0 = 67.6 28.1 % 17.7° 34.9 +32.7° 0.014
GGT(U/L) 59.2 + 34.5 445 + 643 28.7 +23.8° 0.020
LDH(U/L) 207.2 +69.2 187.9 +79.0 180.7 + 49.7 0.314
TBIL( wmol/L) 11.8+4.9 11.1£5.0 11.6 5.0 0.914
DBIL( wmol/L) 41+1.7 3.8+26 48+28 0.337
IBIL( wmol/L) 77 +35 73%3.0 6.7+2.8 0.490
TC(mmol/L) 5.0+09 48+ 1.6 44+0.8 0.072
TG (mmol/L) 1.6+0.8 26+ 1.1 18+238 0.405
HDL-C(mmol/L) 12203 13+0.3 1303 0.458
LDL-C(mmol/L) 32+09 29+1.0 2.6+0.7° 0.047
Lp(a)(mg/L) 191.4 +171.7 228.9 +250.0 160.7 +133.3 0.453
SAEE (L) 72442 71.1 £6.1 73.7 £6.2 0.329
HAEE (g/L) 439+42 442 +3.4 452 %52 0.541
A% (mmol/L) 58+14 59+22 54+13 0.446
JBi 5 2 (pmol/L) 207.9 +118.2 124.8 +97.0° 122.9 + 122.7° 0.023
C ik (pmol/L.) 14347 +547.3 973.1 = 514.7° 894.8  612.5 0.004
AL (pmol/L) 62.5 + 14.0 59.4 + 10.0 66.8 = 15.0 0.199
HOMA-IR 543 +33.3 31.0 £22.8 31.2+£37.9° 0.035
FPIR (pmol/L) 93.5+£99.2 129.6 + 172.5 99.7 + 136.2 0.703

a: 5 N A G (P < 0.05),

18.18%
CE i maw
i JR o
BRI 40.90% 6.67% 9.09%
31.82% 733 72.33%
TR (n=22) T (n=15) T (n=33)
2 PCSK9 AR ZEX PHEREIER Do
Figure 2 Distribution of glucose metabolism of different PCSK9 patterns
&4 PCSKYKFHEXERLMBRFAFHEE ST
Table 4 Combined analysis of PCSKY fluctuation patterns and baseline serum lipidomics (nmol/L)
ELELAD FFE (n=9) FaEH (n=9) BT (n=21) P{H(ANOVA)
FFA(x107) 10.20 £ 0.44 10.70 +1.23 10.40 +£0.98 0.661
Cer(x10) 9.81 £2.76 5.66 = 1.01° 6.77 £2.12 <0.001
SM(x10™) 8.94 £ 6.27 6.14 +£2.95 8.67 £5.16 0.402
GluCer(x107) 44.50 £ 8.15 26.90 = 10.00" 33.30 £ 9.87 0.001
LacCer(x10™) 5.16 £2.01 4.52 +1.66 440 +1.31 0.479
GM3(x10™) 16.80 + 6.34 14.40 +4.32 13.40 +2.63 0.122
Gh3(x107) 21.40 +£5.75 20.00 £5.97 19.50 +4.39 0.629

FFA i B NR IR ; Cer: B ZEIHEIE ; SM: BN ; GluCer : BN Z8 MG ; LacCer: ZUMERIZIENE ; GM3 : M2 15 AR Gh3 M il . 5 FR%
4, P < 0.05,
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IKV5 109 A AR 2R IR AR SE M . A LE AP < 0.01, 7P < 0.001 .
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Figure 3 Basal total ceramide and total glucoseramide levels, and their correlation with basal PCSK?9 levels

TR B v TR 5 BORAS  HU BT AT S A6 24 R PCSKO
K25 5 RAAH—BC Y, S5 B IEA RS
% M PCSK9 25 [ 2F 28 1 4~5 min IR 5, ABFSE B
TEWLER IVGTT 52 B2 vp 203 T i 9 IS 0 5 1
BUF A [RPE 5 BMT A AT Th PCSKO Xif
KRR e LG A DLAH G HGE . ARSI AE
A8 IEH A SR A 5 5 B 1 2R A AN RE O
GBI 205 A T 5 5 | 4 1 T B /KT U8k sh ke it v
PCSK9 7KV W52 M AEAE S Bt , T B Fae .
T3 AR AR R A, AU UE S I W B2 e 5 25 2 I
11 PCSK9 7Kyt i (K 22, i 5 R e in A B A 54
MFREEA—BERME TR . JF2 b iR,
TR FL PCSKO i T A B4, L5 RAKHUAH
KARHE bR & T HAB I, X 5 AL e HoA
PH BA S TR 1Y 54k PCSKO 7K -5 23 i i i % e
B ZYCR ST A At — R
BUAAR B (AR IPIR S 5 PCSKO & & AR 2% 1)
K HEERE, AR R EREHS
FEALCIHE bR T 25 5, {H PCSKO 7 I & 8 5
RO AR AR Bt —
Wit 375 AF 5% S i B P A 5% DAk PCSKO I8 s o X iz
WIRER SR AL N AN . ABFITIE KB, IVGTT
51 & WIS PCSK9 ZE b AN RE R A 4EHE, 2| 1 h HEA
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