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tai A AR T bt A R R S S s (FE M 350001) & H OKBEIET B SY

[ E]1 B® HEZW DEHP BEZEN KR AR T RIS RNA (IneRNA) FX W, 247 I 7500
DEHP 3¢+ F FM-TE - R S5 e m AR bl . AiE KR o~18 d L E m, FRMBBAR IZRT R
0 4 IF 4R BLE RNA, i ] illumina Hiseq M5 F & # AT T, ikl 22 % &350 mRNA Fl IncRNA #17 GO 5 KEGG &
LT . A SEIE 2O 1 PCR AR I 2 AR B8 3F Yo 7 40 5 % BAH 09 F Fe i 40 il v 25 2 368 9 H Y IneRNA, £ 8] il i RNA-
seq WF 4307, A 108 422 5 RIEH IncRNA Hl 342 422 5 F A M mRNA, KEGG 4387 87K 22 % KA1 IncRNA £8 g
RTEMEM R F 5B . Ras {5 5l B 5% 5 M PISK-Akt 5 5@ BE S5 W . 4518 42 DEHP 28 )5 T RMERT g1 4t
276 IncRNA K mRNA 2 5 %35, H2ZE 5 H£IKH IncRNA Al mRNA IIAE/M 745 5 B8 77 5 DEHP %28 7 GEXF 710 HE BT
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Differential expression of IncRNA in the hypothalamus of offspring female rats after DEHP uterus exposure
YU Zhen , ZHENG Yuanyuan , HUANG Zugui. Fujian Provincial Key Laboratory of Medical Analysis, Fujian Academy
of Medical Sciences s Fuzhou. Fujian 350001, China

[ Abstract])
mus of offspring female rats, and to analyze and predict the mechanism by which DEHP affects the hypothalamic pituitary go-

Objective To investigate the effect of DEHP uterus exposure on the expression of IncRNA in the hypothala-
nadal axis and energy metabolism in offspring. Methods Rats were exposed to DEHP continuously by gavage from 0 to 18 days
since pregnant. The hypothalamic tissue of the offspring female rats was immediately taken after birth and total RNA was ex-
tracted. The Illumina Hiseq sequencing platform was used for sequencing, and differentially expressed mRNA and IncRNA were
screened for GO and KEGG enrichment analysis. Results The results showed that 108 significantly differentially expressed In-
cRNA and 342 significantly differentially expressed mRNA were identified through RNA-seq sequencing analysis. KEGG
analysis showed that differentially expressed IncRNA was mainly enriched in estrogen signaling pathway, Ras signaling pathway
signal transduction, and PI3K-Akt signaling pathway. Conclusion There are differentially expressed IncRNA and mRNA in hy-
pothalamic tissue of female offspring after DEHP exposure during pregnancy. and the functional analysis results of differentially
expressed IncRNA and mRNA indicate that prenatal DEHP exposure may affect the gonadal hormone and energy metabolism
process in hypothalamus of female offspring.
[Key words] RNA-seq; rats; DEHP; IncRNA; hypothalamus
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MR ZH AR —H Tl 5, FERAERACHEN
WG, AR _HREE T, SR__HR 2-2H&C
) FE [di  2-ethylhexyl) phthalate, DEHP] & % .,
RN Yz — 2, DEHP Jl T4 f ™ 5. A
WA A, AR, M. BE . EIT AR A
PR ZRIA . JLEE. BT LSRR IR CBE T fE B2 ik DEHP
BIHL 8 T — M AR, X DEHP 4 25 M 1 JH o 7T 88 58 S ¢
&, DEHP BEWS S5 Wi AL sh W i IR BBk . IR L& Rk 2
BT XY ER™ . BAr. ML DEHP /) % 8 4
et B 1452 8] i AS WA

DEHP HA MR Myt REH, ol FHsh A 5H
ARG EFMINEED . EEK, DEHP B2 &0 e 210w
R MRS, R B i AR R R S AR A Y TR
AW F T A RNA-seq £ AR # 37 4 8 41 5 %F 241 1 18 i
BUTF i RNA SCFE, #EMi3R13 PI 41 mRNA K& IncRNA [y %%
SRR TRAE . AT . PERAEA OCHE . i LR S AR 1 3k
B, FEZEREE L E N mRNA & IncRNA, I X 22 7
#35 mRNA K IncRNA (1 #8 56 B 17 D g & £ . DA
T H 22 B e 1 S AR BT B i 22 5 R K mRNA ) In-
cRNA A= 42 18 #2501 615 558 i
1 #M8l5AE
1.1 R F DEHP ME KM, W E B kAR
AR, DEHP Y3 W i BC il . 43 ) LS & DEHP,
A E KRS 50 mg/mlL,

1.2 FHik

1.2.1 SCEGsh# sy A K Ab 3 SPF %% SD KRl [SL%shdy
AEFATIES O SCXK (JF) 2017-0005] 1Al 5% F 4@ gt 4 =
SRR R BERRMESI Y By (12 h B AR, HERE 20~
24 °C, MHXNRBEEL 55%) . ARKK., EE., KEAERFY
B A REELR AR AE, EMERESE 1 HE, #%
W =21 B, WHRE L 8. 00 AAHKEARHER.
GABER, WA, WHK GO, Hfk 5k k151 16
R RBENL D s FI B4 (k) K 500 mg/kg DEHP
WA, BHESH, 20~18d (G0—GI18) L H Y
B, BH 1K, FACKEUH A 2K, AR A o o5 1 v S A
ROEBUY 10% K A AR (0.3 mL/100 @) JBREEJS ., TR ¥ W
%o ARk E . BUR T Rl B O A B S bR 0 i IR AR
M. TR R E GG E —80 CIKMRAE. — M EAE
PR PR A R A SRR A BRI A BR A B R AT X
H (n=3) MPEFAH (n=3) F LM RNA-req MF; 5% —
#Ar T F i 4 2UH ¢ B ] mRNA 35 i 1) RT-PCR
1.2.2 SCBRME R SEHN T R TRIzol 42 BT 14
R i S RNA, R & R A RNA /Y J7 Bk 30 i dr
S SR I AT G S AL (G SR 2 SC R R A AT e L
B HARARAF R . AL R A illumina Hiseq
T 5 5 19 Lty 0 A58 5 22 AN B AR G A7 v il i) R A
Skewer B {4%H 0 )3 4% I 3" 355 2 25 25 Bk A0 3k 3 A BN
B B, A FastQC B4 X 79 Ak 2 45088 34 17 3 i 4 il
ST LA RS Q20 F1 Q30 AR EE L. SR BWA #X {1 #%
i A BA AR R L X T (RNA JF 9 i 2 . &g A REA

FIH STAR #¢4H BUAL 35 51 5 0% KBRS % W 417
GIHEAT B e XF . A Reads B X 2] 2 2% 5 PF 20 1) 45 31 R
StringTie A3 F O M % H A WA b A& A5 B SCHE
HieFUBEREA PG FA, SIRRR RS T 0 WA,
B BT REAR 1Y String Tie 2 36 45 19 % AR HEAT IR 4 26
Xt StringTie 4 %% (1) 5% A HEAT — R I 1Y 7 £ 45 2] IncRNA,
1.2.3 253K mRNA M1 IncRNA (5% 56 RS/ dr R
HE—2 5 M2 1 DEHP 5 88 41 fxf A4~ Bl b 22 53 3R 3
mRNA Al IncRNA 1y 3 5 K °F 2 5, 4 % mRNA Al
IncRNA 54584, st AR Rk 81150k F FPKM 115 )% & 48
#» (FPKM-Fragments Per Kilobase of transcript per Million
fragments mapped) . £ % mRNA F1 IncRNA # 574, F|H
DESeq2 3 {4 XF A [6] B A4 20 22 [ 7 35k 22 57 3% 37K 09 B MG s A
BT E S AREA M LB B, R DESeq2 BA: XA [A] A A
2] 2 [A] i 36 22 SRR I TRV BE SR A, il 2 | Log2FC | =1 1
P<C0. 05 2= 5 335 ¥ [l 07 6 W 41 22 ] 0 25 S e SR Ak

1.2.4  IncRNA MR B R -0 SR 2 T 28 3K 4 A8 G 1 1Y
FEF IR M7 7 SR W IneRNA A5 (9 e AR FE ., R
Je IR AR O R BCHL W R 2=>0. 90 SR TN 22 5% IncRNA 5 Fr
A i R mRNA &R 5T,

1.2.5 ZHEK mRNA K& IncRNA #13E K ) g 5 4 /7
U H B FERE (mRNA K IncRNA) #5736 AR (Gene
Ontology, GO) MR E E MM LA ER A FH R &
(Kyoto Encyclopedia of Genes and Genomes, KEGG) i #
AT .

1.2.6 SR PCR MT A2 RIEM IncRNA ik B
9 ANFEPIHEATIING E B PCR 4387, AR E 3 M A
FAL R 2 T IE R IncRNA AR X &3k i, 58
I BI04 43 1 i 5% [ ABT A & StepOne Plus 2087 8004 58 1 .
1.3 SitSH R SPSS 21. 0 #EAT L, W15 A9 525
BHE AT IE A 43 A R 36 R0 7 22 S PE R B, IncRNA FEF UK
SROME BR Y TR 4 55 % IR 2 v 2Rk i 0 L B R A ST R AR ¢
K, P<<0.05 AZEFHAGIFEX.

2 BHR

2.1 $BFAEXRA IncRNA 71 mRNA ZRHREDHE
FOF AR A7 ACHE BT i 4 2138 53 illumina
Hiseq Ml FF &M F. 78 | log2FC | =1 F1 P<C0.05 22 7 %
IBYEH . M DESeq 8 0F i 26 ) 3 2 21 A0 0 I 21 =22 18] 47 7%
BEZERM IncRNA I mRNA 5 507, Yo 4l 55 B 414
I, A 108 4 IncRNA Rk B E S, HPRETHMN In-
cRNA 48 %, #ik 1Y IncRNA 60 4. T BA{LHY In-
cRNA 5954 %%; 4 342 %k mRNA Rk 2R %, Hp gk
LA 196 45, FRATHBA 146 5, RXTLW BB H
29478 4.

2.2 ERFRIAM trans-IncRNA BIIBEE £ 9T i GO
HESTERFIXM trans-IncRNA BHREEH . A 980 & GO
SBEEEREES, HbS54EY%d™ (biological process,
BP) AXMA 768 %% S (cell components, CC)
BRAE 78 %5 59 FIAE (molecular function, MF) &
KA 134 45, EEAIFMME S WEY L&, PBK RS
e S T R R A i X AR Ak B B A . TR 1 S HE 44 T 20
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2.4 ERFIE IncRNA HEMEE PCRIGIEER NEH
Fik ) IncRNA 3% B 9 A~ 5 P i 47 52 i) 8 it PCR B9 iF
SCHFE R PCR 45 R R W] 9 4~ IncRNA E 5200 4 5 Qe 4
KRBEHHFLFE (B 5, B5RMNFSERFERN -
W, FREBER - GRD.

RNAMST RiLE

F1 EIHNEEPCREBIELERE_RNUFER

e S E S RT-PCR 45§ AR 4
ENSRNOT00000047544 LA s
MSTRG. 6385. 1 1A - 37
MSTRG. 1719. 11 i A
MSTRG. 2077. 1 1A A
MSTRG. 9745. 1 AN s
MSTRG. 3078. 1 A L
MSTRG. 13009. 1 T T
MSTRG. 9026. 1 T T
MSTRG. 1408. 9 T A

DL ke 2% BRIk IncRNA R/, 2 KEGG & %
ST R GO & % 4 . B 8 MSTRG. 1719. 11, EN-
SRNOT00000047544, MSTRG. 1408. 9, MSTRG. 13009. 1
FHS5 T HARIEES @B, MSTRG. 2077.1 25 MAPK
15558 %, MSTRG. 6385. 1, MSTRG. 9026. 1 £ 5 PI3K {3
2 3@ B, MSTRG.3078.1 % 5 mTOR {5 2 @ %,
MSTRG. 9745. 1 &5 AMPK {5 5 i ., i3 S R &
B, R AE S 5 I T AE S 5 R QR R R A 9
3 iFig

ARSI 5 X IR 0~18 d BY K BT 500 mg/ (kg + D
K DEHP ¥ B e T A0, B (O BT i 20 20R T RNA-
seq WP R AR, W H P4 2 5 %KW IncRNA, mRNA, If
Xt H U RESEAT & B4 HT, DA T B me R e - T A R G
Mg mAaBMHLE . REEIRSE 14~19 RETEREEN
SCHERT I CF B A 40 i 3 B A0 1) 22 67 19 B DT, AR S 56
FREMIE0~18 d 45T DEHP b3, BHET FRNE T
B ing: i

JE 2 X 22 55 R 35 IncRNA [ $8 2 X 3E 47 2 fig 5 4 2 A7
fitik H i B FF IncRNA ENSRNOT00000047544 1 IncRNA

MSTRG. 6385. 1 7EYL Bl M i o T X IRAl, H#j, X
P A~ IncRNA ¥ ok 8 A ik i, IncRNA ENSRNOT
00000047544 JEP & A T KR 2 5 % Ak I Chromosome
2:127.916,171-127,947,952 G075 Z 7], 44 845 4~
X, % IncRNA RIS GO & HE0Hr 4 B . mRNA
AER . MM, SRR BRI . SR TSA .
AR SN SR 5 20 M FE 4L, KEGG
EESPERR. FRIBEE G5 EE., R E S8R,
cAMP {5538 H . ErbB {5 5K 4 MR EF @A, ZIEHMW
GO B H4 M5 KEGG & 404 R48 R 5 i s LR
WA %, IncRNA MSTRG. 6385. 1 JEHEM T AR 2 5
Ye i & | Chromosome 2: 10,439,867-10,440, 112 B F 07 o5,
Zia, B3 E R 253 bp. % IncRNA RYHEIE R GO & &£ 4
Mres R s . LMok . WL . 48 i A0 5 5T 25 4 A
oy WSS A XA VIR S Y AR N . KA N, Hb
SR W TR 1) A0 R0 2 17 45 7 TR i 4 s KEGG B i i
N BB . BEIEBELELSS 5 R 4. PBK-Akt {55
K EEE. KEGG 48 /R & % T PBK-Akt 7538
B, TE IR KOZGE 5 Re R R AR S T e A G

T e Ay R s R T R S R A 4 ) i Y S B R G X
WY, METEREAMSSS T XMEEDSR, G5k
¥ (ARC). E#H# (PVH). FREmEAMI (LHD) FE AN 0
¥ (VMED®Y A5 s il R G W12 h B Bl e {5 (O
. MREE. JRHKEKRYS 5T R4t 2 B mH 5 E 5]
R, MR ER PR EE 943 W T R W 5 25 el AR B R AR AR
AL ARSI TR % A ) 2 8 DEHP AR M BT
IncRNA, mRNA 2 5 REMPT, KB LR D EFE
FHERACH 5 Fe o 1 25 58 il /) 15 53 0% e Ak W2 T R
B £ A TF 5% 00 9% 2 W AT Wk 391 1) DEHP 2% % F1 RBE RS
FUE B Bl R B AR R m, E (R S e AL R 2 R B
BT, R — B Bk 3 AT 9T 45 S A A0 I K S A 3h 4 K 7
Tt IncRNA ENSRNOT00000047544 5 IncRNA MSTRG.
6385.1 MRis, M HAEMMERNFLG L EEZ L,
5% IncRNA ENSRNOT00000047544 5 IncRNA MSTRG.
6385. 1 7£ DEHP B A= 5 #1 F& AR 5 h e A .

&% ik

[1] Piche C D, Sauvageau D, Vanlian M, et al. Effects of di- (2-
ethylhexyl) phthalate and four of its metabolites on steroidogen-
esis in MA-10 cells [J]. Ecotoxicol Environ Saf, 2012, 79:
108-115.

Schmidt J S, Schaedlich K, Fiandanese N, et al. Effects of di
(2-ethylhexyl) phthalate (DEHP) on female fertility and adipo-
genesis in C3H/N mice [J]. Environ Health Perspect, 2012,
120 (8): 1123-1129.

[3] Guo Y, Kannan K. Comparative assessment of human exposure

[2

[}

to phthalate esters from house dust in China and the United
States [J]. Environ Sci Technol, 2011, 45 (8): 3788-3794.
[4] Shekhar S, Sood S, Showkat S, et al. Detection of phenolic en-
docrine disrupting chemicals ( EDCs) from maternal blood
plasma and amniotic fluid in Indian population [J]. Gen Comp

Endocrinol, 2017, 241 100-107.



A EE 25 20 2023 4 12 A5 45 %% 6 W] Fujian Med J,December 2023, Vol. 45, No. 6 o 127 -

[5] Wassenaar P, Legler J. Systematic review and meta-analysis of
early life exposure to di (2-ethylhexyl) phthalate and obesity re-
lated outcomes in rodents [ J]. Chemosphere, 2017, 188:
174-181.

[6] MacLusky N J, Naftolin F. Sexual differentiation of the central
nervous system [J]. Science, 1981, 211 (4488): 1294-1302.

[7] Cope E, Voy B H, Whitlock B K, et al. Beta-hydroxybutyrate
infusion identifies acutely differentially expressed genes related
to metabolism and reproduction in the hypothalamus and
pituitary of castrated male sheep [J]. Physiol Genomics. 2018,
50 (6): 468-477.

[8] Waterson M J, Horvath T L. Neuronal regulation of energy ho-

meostasis: Beyond the hypothalamus and feeding [ ]J]. Cell

Metab, 2015, 22 (6): 962-970.

[9] Mahboobifard F, Pourgholami M H, Jorjani M, et al. Estrogen
as a key regulator of energy homeostasis and metabolic health
[J]. Biomed Pharmacother, 2022, 156 113808.

[10] Nadal A, Quesada I, Tuduri E, et al. Endocrine-disrupting
chemicals and the regulation of energy balance [J]. Nat Rev
Endocrinol, 2017, 13 (9): 536-546.

[11] Ahn C. Jeung E B. Endocrine-disrupting chemicals and disease
endpoints [J]. Int ] Mol Sci, 2023, 24 (6): 5342-5360.

[12] Papadimitriou A, Papadimitriou D T. Endocrine-disrupting
chemicals and early puberty in girls [J]. Children (Basel),
2021, 8 (6): 492-501.

- Eaafrss -

BFEUHENSERETRENKERE PET RIFWAER K ER

EITRFME S —ERAZE SR (BT 361003) 2k Ak

[# ZEY1 B# 5% [*Cu) CuDOTA-EB-TMTP1 % 143B & W M /D BB 2 Wi . ik £k TMTP
(NVVRQ) X @5t an A B ar i m e, AR5 FA Cubfic DOTA-EB-TMTPL &4 [* Cu] Cu-DOTA-EB-TMTP1,
SRIG AT 1438 B P98 9 faf 98 /N R EAT microPET/CT BA&%, WFR LM M2k, &% [ Cu] Ce-DOTA-EB-
TMTP1 R AR T 77 RN (87.3+5.2) %, JALLEE KT 95. 0% . LI UE W &gt SC B 8 (Evans Blue) &4 J5 A9
TMTPL, EA 5 i b 578 H5 ORI BT 4 09 I i 32 01, 8 h Mg U rT 36 (6.504£0.88) % ID/g, #i& X T# K2 W
K, [ Cu] Cu-DOTA-EB-TMTPI1 Al fEJ2 T4/ PET R4, WA R T Mg 297 — IR L e AL B T

[\ PET; HRME; [*Cu] Cu-DOTA-EB-TMTPI;% Cu #%il

[FESZES] R814 [XHE4RiIRFEB] B [XEHS] 1002-2600(2023)06-0127-03

Synthesis and imaging of long-circulating PET probes specifically targeting highly metastatic osteosarcoma

LI Yesen. Department of Nuclear Medicine, the First Affiliated Hospital of Xiamen University, Xiamen, Fujian

361003, China
[ Abstract]

osteosarcoma. Methods

Objective To assess the diagnostic effectiveness of [ Cu] Cu-DOTA-EB-TMTP1 in a mouse model of 143B
Polypeptide TMTP1 (NVVRQ) had good targeting effect on highly metastatic cells. [* Cu] Cu-
DOTA-EB-TMTP1 was synthesized and subsequently used for microPET/CT imaging in a mouse model of 143B osteosarcoma
to investigate its diagnostic performance. Results The radiolabeling yield of [ Cu] Cu-DOTA-EB-TMTP1 was (87.3 +
5.2) %, and the radiochemical purity exceeded 95.0%. The results demonstrated that TMTP1, modified with Evans Blue, ex-
hibited increased tumor uptake and a longer blood half-life, Tumor uptake values reached (6. 50+0.88) % ID/g at eight hours.
Conclusion [ Cu] Cu-DOTA-EB-TMTPI may represent a superior PET probe for the diagnosis of osteosarcoma, facilitating
the integration of diagnosis and therapy for this condition.
[Key words] PET; osteosarcoma; [ Cul] Cu-DOTA-EB-TMTP1; *Cu labelling
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