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[{HZE] B - o I 2 P P 4530 25 & 4F - (acute respiratory distress syndrome, ARDS)  #3% 41 J&] 1 B AN 42 40 M v 75 - 6 75 - L 4
TR A kT (geranylgeranyl diphosphate synthase, GGPPS) [}k 3L, WF5t GGPPS 7E ARDS g IGIR X, F5iE - il g &
SR SRR M E R VA T ARDS &35 (ARDS 2) FibEd ARE (RFIREH) SMEIMEAZ 40k GGPPS mRNA 7K, R H & [ i Ep ik
#: (Western blotting) 45 ARDS £H Fi} Mt 20 40 J& i B AN 2 4 s vh GGPPS 2 (4 ik K, [ LR ARDS 7746 4 fn st 40 GGPPS
MK 5, IR A Spearman #3643 H7 W1 1) GGPPS % ik 5 ARDS B H ISR H5 bR Ao M 6 M, 455 - ARDS 2H 4 J8 ifin 3 A 4% 4l g v
GGPPS mRNA /K V- i & F Xt 2l (P=0.000), I FLKE ARDS R MEZ#H A& (P<0.05), ARDS £HA41 A ifn 84N 41 ffu s GGPPS
FEEAFBUE ST R4 (P<0.05), I HEEREMEZHAE (P<0.05), ARDS FET-414ME M A Z 40 GGPPS mRNA /K J
|EARBREET ARDS 2G4l (P<0.05), ARDS HE&5ME M A AN GGPPS mRNA 5 %Kik 5w i) 2k A4 1 518 M i e r 4 11
(APACHE 1) (+=0.862, P=0.000). &% 5 % & DRk %2 u8 46 it (SOFA) #F4> (4=0.719, P=0.023). k& & 5%k (—=—0.821, P=0.000),
= CRMEA (=0.758, P=0.024) KEHEAMNEL =0.761, P=0.015) i3, 45if - ARDS B HIMNE M A A b GGPPS FKikhKF
T, HHFIBKTFS ARDS 5 ™= St B L W5 H%, GGPPS A7 Bk ARDS 9 {5 ™ d % B PP Ak i) A= M bR
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Clinical significance of geranylgeranyl diphosphate synthase expression levels in patients with acute
respiratory distress syndrome
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[Abstract] Objective - To investigate the clinical significance of geranylgeranyl diphosphate synthase (GGPPS) by detecting its expression levels in
the peripheral blood mononuclear cells of patients with acute respiratory distress syndrome (ARDS). Methods - The GGPPS mRNA expression levels
in peripheral blood mononuclear cells of patients with ARDS were compared with those of healthy controls, by using quantitative reverse-transcription
polymerase chain reaction. The GGPPS protein expression levels in the peripheral blood mononuclear cells were detected by Western blotting. The
differential expression of GGPPS in survivors and non-survivors of ARDS was also examined. The correlations between GGPPS and clinical indicators of
ARDS were tested by using Spearman’s coefficients. Results - The mRNA and protein expression levels of GGPPS in the peripheral blood mononuclear
cells of patients with ARDS were significantly higher than those of healthy controls (P<0.05), and these levels increased with the aggravation of ARDS
(P<0.05). Moreover, the expression levels of GGPPS mRNA and protein were significantly higher in the patients who succumbed to ARDS than those in
the survivors (P<0.05). The elevated level of GGPPS mRNA was correlated with the elevated acute physiology and chronic health evaluation [l (APACHE
1) score (=0.862, P=0.000), elevated sequential organ failure assessment (SOFA) score (+=0.719, P=0.023), lower oxygenation index (=—0.821,
P=0.000), elevated C-reactive protein (r=0.758, P=0.024), and elevated white blood cells (+=0.761, P=0.015). Conclusion - The elevated expression level
of GGPPS in the peripheral blood mononuclear cells is associated with greater disease severity and poorer prognosis in patients with ARDS. Based on
these observations, GGPPS is expected to serve as an appropriate biomarker to assess the severity of ARDS.
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M 2 2 A1E  (acute respiratory distress syndrome,
ARDS) i&ge. G105, Kifii, PRz, RS L FEE S|
HEC Y JAE IR e 128 1T B AR 20 1L 58 N B AR R v |
B AR TRE M4 1% A F2 B P A A I PR ER A AIE ,  HRSE
ik 30% ~ 50%"Y, 7 g AR, B AT, T
IR _EXF ARDS B4 RIS SR IR bR, 2 e 5
BEFAGEERE AT LS e ARDS i 7™ S 8 E AT 17 DL A A=
WhriEd, 4 ARDS [mIRiZIaH K ERIE A, Bk, 3
R RFR 0T ARDS B E TG R EE Y, MR %
W, B MpbR S (E PR (G ARDS i KU AN BE . I IKIT
. gRTE . RIS H L e s — e,
AR TSN R EIF A R EERTT 5 ik, &
-3k & A6 R A K 8 (geranylgeranyl diphosphate
synthase, GGPPS) J& 1 ¥5 S % £ it 4 728 vh ¥ 22/ 47 3¢
B, fefbik /et HEmkiR (farnesyl pyrophosphate, FPP) &
B AL A - JE B R (geranylgeranyl pyrophosphate,
GGPP), FPP L GGPP % 5 & (A Rk IR bt ¥, ix
SR A A KA R TR IE R A e A B A e L
ek T fE S @ s, Iz 5aeny R, R
AP, GGPPS ik 54 &5 51kt FPP 5 GGPP ik %
i, S LRI LA, AR REEVERR, RIS
SRS RV L SRS AR R S R
£ o " B g 2 8 (lipopolysaccharide, LPS) %
SRR, /NERUE b R AR R R B v 2R
f) GGPPS ik Thm, & HRERIER B, HEM GGPPS
A A ARDS iR T #IAE RS . H H A Bz 6 T
GGPPS f£ ARDS 25 il 3 SCHIAH G REZE . BRIk, A
BFFEIE LA ARDS H25 J 1E 5 (S NHES I JE I A~ A% 41
ffarh GGPPS 215 fi5 UL, X GGPPS fE ARDS iZifHi 1y
Il R SCIEA TR B I+

1 HRERE

L1 B Wik

RAEAR S WiAR A ", K ARDS B ¥E oy Afe .
B, O, B2 E: WK I (positive end expiratory
pressure, PEEP) & ¥ 4 < 18 IF E (continuous positive
airway pressure, CPAP) > 5cmH,0 (1 cmH,0=0.098 kPa)
B, 200 mmHe< %A A45%; (PaO/FO,) < 300mmHg (1 mmHe=
0.133kPa), + JF: PEEP > 5cmH,O [, 100 mmHg<PaO,/
FiO, <200 mmHg, T Ji: PEEP > 5 cmH,0 [, PaO,
FiO, < 100 mmHg,
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1.2 A B HERR b

MAFRME: > 18 %5 FF Ak i iibrife s PR
M3 PaO,/FiO, 24 H AL, HEERFRfE: © %t Fl#EiL 24 h,
I RICHT A WIS . QPEBRIEAN. H B et il
(] S0P Bl O S A G T 5 . @22 R At
e B . OIRLFR AR M AR UGE THIE

L3 BFFERER e sy 4l

W2 2015 4R 3 4 —2018 4 3 TS AR A
RER HEIEE%F (intensive care unit, ICU) {FFzAY 60
B A BRI W bR ARDS B2, B0 35 ], 2ok
25 f5, 4Rk (60.03+13.09) %, [RIEFHCEE 60 {5l ]2 1E
W NEE (R4 ) s B33 6, 27 6, ik
(58.45+7.15) %, 2 AL, MBI B 22 S T Ge T
(P>0.05), ArfBEYTHIZ 24 h WRED).,
Wi IfiL A7 Loy AL I H B R SRR A AT, A IR R AR
HRZERIKIN, HTEEERA. ARDS #3594, B
ARDS 32 f5i|, HiE ARDS 17 f5il, FEJE ARDS 11 i, f£i%
24 40 {5, FET-4H 20 fils BT 4, %R ARDS 1 5],
J& ARDS 8 fjil, #Ji ARDS 11 f§il, AfFFEiE N5 H A
BXAREREACHEZE R, TR RSHK RS
BREREAS

RS

L4 3w ™ mAE PEAL

B 2 A R 58 PE (@ BEPE 4> [T ( acute physiology
and chronic health evaluation [[, APACHE 11 ). ¥ i #%
B I 58 %= U8 {5 it ( sequential organ failure assessment,
SOFA) ¥4y, PaO,/FiO, FAAKISWiARAE " 147555 ™ &

BTG, E2Wi)E 24 h NTER.

1.5 G R AN TS

NGMEL A RZ AR 5y 85k (REL T B A= P il it B
HAMRTEATF), TRIzol i 7 (15596-018, Invitrogen),
iR 7l & (RRO36A, TaKaRa), real-time PCR if 5] &
(RR420A, TaKaRa), real-time PCR 5|4 (7 5% Realgene A=
WHARARA R A ), BCAEAERIKKE (KGPY04,
LAl AR A P Ry G Bk 2y =] ), SDS-PAGE #E fi i il
WAE (LalE AR AIRA W), %Pl B- il
R (B-tubulin) PR VT REPLMA (2128, CST, 1:1000 ff
), FL bL GGPPS i wr [% BT & (sc-271680, Santa Cruz
Biotechnology, 1:500 fif), BAlil % t4yls (HRP) #rid
W 2E$Hi % IgG (ab6721, Abcam, 1:10 000 ff B ), HRP #x
itUESLR IgG (ab6789, Abcam, 1:10 000 #7Fk), & [ HL
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TKEEFE(L (Bio-Rad), real-time & PCR { (Eppendorf),

1.6 Kb B i 1

1.6.1  ASMEIMAA AN 5> B R4 ARDS H& Fixt
ML N BERI SN B ER ki 4 ~ 5 mL T EDTA Huig®, 54
MR RS ERE T 1 6y NSPJE A 40 5
BRI R 2 ., LA 1500 m/min (24224 10 em 7k o #4
+) B0 1Sming pE, BLOE R EE TS 4 R,
F1EAMMKE, %2 BAMRIA GRS E,
F 3RS EIRE, B4 BRALANZE . HRE/NORIER
F2EICRIA O AR ZEMIZER S —3 15mL Z.0%
o, RIS E DR RO, RIS ATRRRY A4, 0T
FEH RNA Je & H .

162 & & 3R A& F 5 ) v (quantitative reverse-
transcription polymerase chain reaction, qRT-PCR) #all4J& ifi.
AN GGPPS mRNA ik OFRHRAE L5y B .
AMEANERYE RNA, @R RNA [k &5 5k cDNA, OLA
cDNA b, DANH i -3- BRI Z (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) JE[H NS,
GGPPS 1 GAPDH ¥ 5514y (F£ 1), *H SYBR Green
qRT-PCR #{ll GGPPS 1 GAPDH Wik /K F-, RMEEH G,
HE & & PCR B3 Hi ) GGPPS F1 GAPDH 1) C. 1, F
2744 J5 T GGPPS mRNA A #ik & ,

# 1 GGPPS 1 GAPDH If) PCR 5|4
Tab 1 PCR primers of GGPPS and GAPDH

Primer name Primer sequence

Human GGPPS Forward 5-TGGAGAAGACTCAAGAAACAG-3'

Reverse 5-TCAGCCAATGATTAAATGCC-3’

Human GAPDH Forward 5-GCAAATTCCATGGCACCGT-3’

Reverse 5-GCCCCACTTGATTTTGGAGG-3'

1.6.3 HEBENEL (Western blotting) A%l B4~ 2% 41 1P
H GGPPS & 4 #3i5 O BN E Ifi 45 55 1 88/~ 4% 4a i
BEH., O@BCAEEAER., OMEIMHFEALFMA 2 ~ SuL
PR A R A AR (30 ~ S0 pg), ARHE A A& [k
FETHE R AR OIAE AR, @B LA TR 80 Vi R Ab
30 ~ 45 min, {2 FARESSIRAG LSS, RS IECEEA
Sy BRI, (TS 110 ~ 120 V k& iif &
F5r 8. OfE{E, 200 mA #f % PVDF i, ©3 i,
@5 HIMA—PL 4 CHEFE 12h, TBST T4 el o il 5
THLEEWEE 1h, ® TBST 74y vk, #ki7 ECL k%%
Jei ., B, 4 BILL GGPPS/B-tubulin . 524545 K
FETERILLIEZ R GGPPS & AR AR,
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L7 GEit2#orbr

SR i1 SPSS 20.0 etk A THcdE > #r, R GraphPad
Prism 5 & PRPEIE . BRI x£s Fon. 2 IR E
PLACR ARSI AEAS (4RSS, L3O B L BER IR 305 %
SHT, IR LLESHTA TG 22T A S . S PRI &
sybeFoR, PR #%. GGPPS ik 5 ARDS B3
It R AR B A AE S R ] Spearman A7 3 #. P<0.05 422
FASHE L,

2 &R

2.1 AFEEA SEET AL AR BURHLER

PG S FE T B MR R A Ee T W3R 2, 241
BEIERY . B, A4 (white blood cell, WBC) if
B, C ) & [ (C-reactive protein, CRP). Ifil Jk 2 &
(blood urea nitrogen, BUN) . ICU 4& [ I /8] &2 ARDS [
95 R AL B LU I 22 S ) T Ge g ) (39 P>0.05), FET:
2H B M WLET (creatinine, Cr), A N#:#E G (glutamate-
A B A g (glutamic-
oxaloacetic transaminase, GOT). APACHE [l {#4>. SOFA
PESy . MLME S (mechanical ventilation, MV) 5} [a] & T
G, FET-4 PaO/FiO, (R TG, ZRH A St
X (¥ P<0.05),

pyruvate transaminase, GPT),

%2 RS PET-41 ARDS B0 R Gk LR

Tab 2 Comparison of clinical data between survivors and non-survivors in ARDS patients

Item Survivor Non-survivor P
(n=40) (n=20) value
Agelyear 58.13+13.84 63.85+10.76 0.111
Gender/ (male/female) /n 24/16 11/9 0.711
WBC/(x10°L™") 14.82+£3.68 16.76 £3.47 0.055
CRP/(mg - L") 76.57+12.43 81.12+11.85 0.180
BUN/ (mmol - L) 10.54+1.78 11.46+2.08 0.078
Cr/(umol - L") 143.37+34.34 164.08 £19.18 0.015
GPT/(U - L") 68.97+£22.97 101.41£27.55 0.001
GOT/(U - L") 74.56 £29.04 163.52 £40.48 0.000
PaO,/FiO, 225.13 +£46.57 118.50+29.29 0.000
APACHE 1I /score 18.40+3.28 34.90 +5.47 0.000
SOFA/score 11.03+2.22 18.10+£2.13 0.000
ICU stay/d 9.72 +£1.66 10.89 +2.87 0.104
MV/d 645+1.14 9.89+£3.26 0.000
Cause of ARDS/n (%)
Direct lung injury
Pneumonia 21 (52.5) 13 (65.0) 0.357
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Continued Tab
Item Survivor Non-survivor P
(n=40) (n=20) value
Aspiration 4(10.0) 1(5.0) 0.869
Indirect lung injury

Trauma 8 (20.0) 3 (15.0) 0.906
Pancreatitis 5(12.5) 2(10.0) 1.000
Others 2 (5.0) 1(5.0) 1.000
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2.0

o . .

Control ARDS
{rr=601) (rr=60}

1 ARDSZH 533 E34H51E I 84N 4RA - GGPPS mRNARiZKF L (n=60)
Fig 1 Expression levels of GGPPS mRNA in peripheral blood mononuclear cells of
patients with ARDS and healthy controls (#=60)

2.3 ARDS BH MR RN GGPPS HA4ah Kk
ARDS ZH AP I A AN GGPPS & ik Kk F-H

A

Control ~ Mild  Moderate Severe
GGPPS o ————— = 3 (1]
[erubulin | e ————————— 5 ]

Control Mild Moderate Severe

[F-tubulin I—--—-—--l‘—.*ﬁ 00K

2020, 40 (5)

2.2 ARDS [B# SN I A AN GGPPS mRNA %3k

KP

ARDS 20 5 J& Ifi B A #% 48 M2t GGPPS mRNA #H
Xt ik (3.994+1.325) WY @& T o6 B4l (P=0.000)
(&l 1), ARDS # J£ 21 4 & I % A #% 40 18 GGPPS
mRNA fH 4 ik & (5.774+0.573) B & TR EH
(3.215+0.958) FurfiEd] (4.365+0.837), v EEL A &
TN, ZRYAHIFEL (3 P=0.000) (& 2),

= lop P=0,000
z : ,
t
w R P=0.000
'::-‘1_'; F=00, 0
e N ——
k- I L J
g 47
=}
= L
é 2F
E
20
Mild Moderate Severe
(rr=32) (=17} (=11

2 AFEIF2E ARDS BESEM AN MM P GGPPS mRNA RiAKFLLE
Fig 2 Expression levels of GGPPS mRNA in peripheral blood mononuclear cells of
patients with different degrees of ARDS

s TR, AW TR R b A, P R
=]

TETRER, ZR9a5H#FE (3 P<0.05) (KE3),
P=0),000 B
' P=0.000
20¢ : P=0.000
1
1
i
= 15t
z P=0.000
2 r - y
=10t P=0.000
;_: ——
<} —
=~ 05F
P=0.002
1
'il
Control Mild Moderate Severe
(=60} (n=32) (=17 (=11}

Note: A.Western blotting analysis of GGPPS protein expression levels in the peripheral blood mononuclear cells of patients with different degrees of ARDS and healthy

controls. B. Quantitative analysis of relative expression of GGPPS.

3 TEFEE ARDS Hinxd BRE B ESMNE M A Mz GGPPS ZRFRIAKE

Fig 3 Protein expression levels of GGPPS in peripheral blood mononuclear cells of patients with different degrees of ARDS and healthy controls

2.4 ARDS BT AN M A ZANEH GGPPS mRNA F: £ R A1 %58

Akl
ARDS FET 4 41E i /M4l H GGPPS mRNA FH%}
FikE (5.178+0.675) WS & TAEIGEL (3401 +£1.163),
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Survivors MNon-survivors
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4 ARDS FiFA S TAINE M AR GGPPS mRNA RiARILLER

Fig 4 Expression levels of GGPPS mRNA in peripheral blood mononuclear cells of survivors and non-survivors

A B
o, b oS vers 1.0fp
Survivors Non-survivors P=0.003
r 1
GGPPS e - q— = 3] (11} _0&p
E 1
T | s s s s s | 55 ()} £ 06f
&
£ 04} o
Survivors Mon-survivors =
bt
02 —_—
GUPPS | e e e e e s s s (+— 3] ()M
]

|Llllhullnm.[__ 55 000 Survivors Mon-survivors
(=40 (=20}

Note: A. Western blotting analysis of GGPPS protein expression levels in peripheral blood mononuclear cells of survivors and non-survivors. B. Quantitative analysis of
relative expression of GGPPS.

5 ARDS fFiAFE T AR M B M ZMMH GGPPS ER %I

Fig 5 Protein expression levels of GGPPS in peripheral blood mononuclear cells of survivors and non-survivors

2.5 ARDS % GGPPS I S5l isbalt 3: & SOFA 4 (4=0.719, P=0.023). {R&ELS4% (=—0.821,
ARDS &) ML /S 40 GGPPS mRNA [ P=0.000). &5 C MEM (7.=0.758, P=0.024) & =5E4
# 3k 55 19 APACHE T #E4> (b=0.862, P=0.000). & Meit% (=0.761, P=0.015) #H3%= (F3).

# 3 ARDS B F%SMH A B4R GGPPS mRNA 35 SR 18 FRIGHI 3B (n=60)
Tab 3 Correlation analysis of GGPPS mRNA expression in peripheral blood mononuclear cells and clinical indicators of ARDS patients (#=60)

Item r value P value
PaO,/FiO, —0.821 0.000
APACHE 11 0.862 0.000
SOFA 0.719 0.023
GPT 0.390 0.064
GOT 0.320 0.075
BUN 0.280 0.068
Cr 0.860 0.088
CRP 0.758 0.024
WBC 0.761 0.015
ICU stay 0.329 0.155
MV 0.413 0.181
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3 idig

ARDS & ICU ¥ WfaEHe, & HRIENRIKIGTT L
BT REERE, HREERPESA T Y, SHHMN ARDS
BEE T E R RS, WE AT TIEA,
et B A A TG e FEARIR AT B 2 L,

fthiT 2 254 & 3- Fo 0k -3- W AE % 8 o ok 4 g A
(3-hydroxy-3-methyl-glutaryl -coenzyme A, HMG-CoA) &
J gy SR R, MR T R R R AR R B, T
Z PRI R R iE . AW " Bor, ikt
Ol B R R A& AR F ] LPS 35S 1 Ml 1514005 2R 9 I
R, 2 TR MABE ML I R AT o, SRRt T
AR AT T AN REFEAR ARDS B35 A9 SE 3R AR HLARH <
i) Y, X 2 TEFAERAE R, A5 ARDS B R
PR A I, HnTRER A BIE LS @ il 25 o ULk 2
AR I 25 B S AL AR B Y, S AT RE S b T 2254
FIVE PSR AL T i, FCBHMT A A R Bt KPRl T2
WtiaIT e A 3 0, R, 76 RRIR AT T itk
B B SRR RIEAR o, WTRE AT LA A ot Psthxt
ARDS B#E1TIRIT. GGPPS 124 W R R it: i T
WG AR 4, i id I84% FPP/GGPP YE-MiETF £ %5
W RAFEEEEM, PR BoR, ERMEEHNE RE
VSN St GGPPS kT ts, FIMIRALEL GGPPS
Tk Ja, o R FEIE &K A B (mitogen-activated
protein kinase, MAPK) / fu4MESiH7i4EG (extracellular
regulated kinases, ERK) i ft.7Kk FF#A%, Ml 241 9 400
I+ 2 -8 (interleukin-8, IL-8). i 988 & %€ A + a (tumor
necrosis factor-a, TNF-o) ik [FAK, #2775 GGPPS % ik
U T RIERI K JE, HEM GGPPS Rl R 4E i R] RE
RAFVER ., AUFIC4Largarse ™ &3, fE LPS i S/ /)
b Ml 5 B A il L 2R i GGPPS ik T i, H Sk
/N EUR R B R gl 8 Ggpps W HHI LPS 3 S (19 2
PENG I RV 2Rk . AR Y B e 2 2 40 5 F
FEs JF H R B ZE R A iR EvEdn e, GGPPS Kk
Wb, IR B AN R R IE R B RN K AR s, IERE
B 2 Fh RAER T, fERAEAIIERE P R AE MR
AR AE SR B BHLE i v B A ok B R AER )23l , fF
fE ARDS [l BRIBTT i3k 45 . AW 7838 i 45 7 ARDS JE
B AR AR NS JE L A X AR GGPPS [k 1
L, s H 5 APACHE 1114y, SOFA P4y fAH I M4,
i GGPPS /£ ARDS 1 iyllm R 3 3, dE— PRk shiy ok
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WERIEER, O ARDS [H3tE I T PRl Rtk — o
fe i .

AW KB ARDS 5 41 JH il A e GGPPS
mRNA J 3 1 B K CE W o T IE 5o AR, X —
£ 5 (E 1R 7 A T 5 VB S 3 R A o i
Y GGPPS Rk Bt % —5, 5AHE T 4L Al iF
U e I A0 /N BRU 6 B AN Y e S 7t It 24 g v
GGPPS G L #h—, AiAmFZ " KB, GGPPS j#itiH
T/ G & [ Rabl10 7E 40 B (4 55 A 1 52 0 Toll 452 {4 4
(toll-like receptor 4, TLR4) -LPS 1% 5@ & AUiHEM:, H 5
LTRSS & R AR 22 R & 13 3 (nucleotide
binding oligomerization domain like receptor protein 3,
NLRP3) % th &P, AMFILEE R BoR, ARDS 3%
i, SR E I A I GGPPS mRNA 25 55 C R
FLE A R VAR T RO DG, k2B OB TIE 1 i I T A
K, &7~ GGPPS 5 ARDS R4 i B AH 3¢, GGPPS w] fig
%5 ARDS [ RIELEE, ATMARESY " KB, ik b 4n
Hg GGPPS ik & LPS {1 FI IR i) Koy B2 (0 i P4 5 m, - i
B AJEML TR, GGPPS ikl 1hi AW K Bl ARDS
& O JE AL A % A GGPPS 25k KTl ARDS 35 1§
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