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Research Progress on the Regulation of Conjugated Linoleic Acid on Ruminant

Lipid Metabolism

XIAO Cheng"?, LI Mengman', LIU Yu', FANG Wenwen', MIAO Lisheng', CAO Yang', LI Xin', JIN Haiguo',
CAO Yang'*

(1. Jilin Academy of Agricultural Sciences(Northeast Agricultural Research Center of China), Gongzhuling
136100, China; 2. Research Institute for Farm Animal Biology, Dummerstorf 18196, Germany)

Abstract: Conjugated linoleic acids(CLA), a group of fatty acids with conjugated double bonds, are produced by
rumen microbes and stored in mammary gland, adipose, and muscle tissues in ruminants. Among CLA isomers,
cis9 trans11 CLA and trans10 cis 12 CLA account for the highest proportions: cis-9, trans-11 CLA exhibits anti-
inflammatory and anti-cancer activities, while trans-10, cis-12 CLA plays a role in fat reduction. CLA has been
recognized as a functional food component, and the U.S. Food and Drug Administration(FDA) recommends a
daily intake of 3.4-6.0 g CLA for humans. Ruminant meat and dairy products contain higher CLA concentrations
than other food sources. CLA exerts a primary effect on reducing fat deposition, as trans-10, cis-12 CLA exhibits
higher bioactivity in regulating lipid metabolism than cis-9, trans-11 CLA. Previous studies have demonstrated
that CLA supplementation reduces milk fat content, improves energy balance, and decreases disease incidence in
lactating cows. Consequently, CLA supplementation has been applied as a feeding strategy for lactating cows. Al-
though numerous studies on CLA-mediated fat deposition reduction have been published in recent years, the regu-
latory mechanism underlying CLA-mediated lipid metabolism remains unclear. This study reviews relevant re-
search findings, identifies candidate genes affected by CLA, and provides references for exploring the regulatory

mechanisms of CLA and expanding its application fields.
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Table 1 Differentially expressed genes in 3T3-L1 cell line and white adipose tissue treated with trans10 cis 12 CLA

Hg Wi A 2R 3T3-11 RS 41T WAT
ZRAEN

DEGs 4h 12h 24 h 4h 12h 24 h 3d 74d 10d 17d
LogFC LogFC LogFC LogFC LogFC LogFC LogFC LogFC LogFC LogFC
ATF3 3.87 5.24 4.01 2.64 2.83 3.33 3.50 479 4.67 4.66
IER3 2.08 3.05 1.72 2.57 1.12 3.45 / 0.98 1.1 0.79
CHKA 2.07 2.01 0.82 / 2.60 433 2.08 1.62 1.85 1.37
JUN 2.87 1.84 1.38 / 1.21 1.18 1.17 0.97 1.22 1.29
ZFAND2A 1.76 1.60 0.94 / 1.56 1.62 1.13 1.01 1.03 0.80
RAB3D -2.34 -1.23 -1.42 / -0.72 -0.85 -0.70 / -0.64 -0.68
TGIFI 1.87 1.84 1.56 / / 2.57 1.70 2.01 2.28 2.27

HSPBI 2.75 2.28 1.32 / 3.01 3.49 / / / /
VSIR -2.46 -1.70 -1.66 / / / 1.08 1.71 1.49 0.74
CEBPA / -1.45 -1.34 / -1.08 -1.06 -1.41 -0.97 -1.13 -1.05
LPINI / -1.67 -1.75 / -1.38 -1.71 -1.80 -1.66 -1.89 -2.07
DGAT2 / -1.56 -2.45 / -0.80 -1.94 -2.08 -1.51 -1.89 -2.27
SLC2A4 / -1.79 -2.42 / -1.08 -5.89 -3.76 -1.87 -1.92 -2.11
G0S2 / -1.56 -1.82 / -1.79 / -1.00 -1.15 -1.25 -0.64
ACACA / -0.66 -1.03 / / -1.26 -3.62 -2.38 -2.45 -2.70
FASN / -1.63 -1.93 / / -1.22 -1.68 -1.84 -1.74 -1.96
THRSP / -2.77 -431 / / -3.46 -4.33 -2.36 -2.67 -2.83
MGLL / -2.15 -2.09 / / -1.78 -0.94 -1.42 -1.60 -0.56
BSCL2 / -1.95 -1.69 / / -1.28 -1.21 -1.17 -1.22 -1.25
APOC3 / -1.99 -3.23 / / -1.02 -2.53 -1.69 -1.41 -1.85
ACSIA4 / 1.23 0.88 / / 1.75 1.56 1.47 1.05 0.56
ACSLI / -0.83 -1.71 / / -1.25 -1.02 / -0.70 -0.63

KLF5 / 1.51 1.70 / / 1.85 / / / /
FOXO01 / -0.86 -0.88 / / / -1.38 -1.4 -1.25 -1.16
CLSTN3 / -1.14 -1.33 / / / -1.02 / / -0.61
APOC2 / -1.54 -2.24 / / / / / 0.88 0.60
PPARG / / -0.90 / -0.61 / -1.35 -0.91 -1.11 -0.70
AGPAT2 / / -1.18 / -1.01 -1.66 -1.41 -1.07 -1.21 -1.26
ACOXI / / -0.88 / 0.99 -0.95 -1.10 -1.40 -1.59 -1.79
APOCI / / -2.80 / / -0.86 -2.67 -1.97 -1.19 -1.54
CIDEC / / -2.11 / / -1.03 -1.68 -1.54 -2.01 -1.94
ACSS2 / / / -1.71 -1.73 -2.97 -1.35 -0.72 -2.66 -2.97
ACLY / / / / -2.12 -1.93 -1.56 -2.39 -1.91 -3.22
SREBFI / / / / -1.79 -1.26 -1.95 / -1.89 -1.73

FABP4 / / / / 0.65 / -1.79 -1.86 -1.78 -2.02
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Table 1 Continued
JIg 17 200 A 5 3T3-L1 H RS ZL WAT
255 LA
DEGs 4h 12h 24 h 4h 12h 24 h 3d 74d 10d 17d
LogFC LogFC LogFC LogFC LogFC LogFC LogFC LogFC LogFC LogFC
DAGLA / / / / -1.69 / / / / -0.64
LIPE / / / / / -1.25 / -1.88 -2.48 -2.77
PNPLA2 / / / / / / -1.72 -1.40 -1.81 -1.32
SREBPI / / / / / / / / / /
LPL / / / / / / / / / /

AR SN S TR B ST T 2 4 B 4R 0y
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DEGs( &l 2B). 3 4 %4l & JF )5 K AL H 219 1
DEGs, fJ & CHKA. HSPBI . IER3. JUN. TGIFI .
ZFAND2A 1 VSIR 15 N 1 25 A i BLAE 324 DEGs
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Br, W& 2C FE 2D Bios o Mg AR (5 5 5
S M B A0 ZE 2 5 T trans10 cis 12 CLA 1974
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x2
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AR, BEE CLA R & 3G N, 2% 5 56 N 48 4>
B 806 4, ix 5 H At i 57 — 2, CLA HA 7 &=
A PES, X B EHE 5 12 h () GSE11384 % 45 ik
17 He#e, & B 3T3-1L1 40 jfg Al 2¢ LR b i 40 i
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Table 2 Common differentially expressed genes between goat mammary epithelial cells and 3T3-L1 cell line
treated with trans10 cis 12 CLA for 12 hours

SEEA 100 wmol/L IEFUAR FEZAAI(MECs) 200 wmol/L LI =EZLAR T K 4 i(MECs) 517 4 AfL 3R 3T3-L1
DEGs LogFC LogFC LogFC
FASN -0.350 78 -1.274 50 -1.627 8929
SERPINE 0.494 99 0.868 16 1.931 807 7
LAMC2 0.133 63 -0.481 40 1.623 734 3
SLC2A1 0.409 97 1.060 10 1312095 5
ACSL4 -0.481 05 -1.528 30 1.230 692 9
TXNRDI 0.621 87 2.433 90 1.025 565 5
HBEGF 0.854 02 1.273 20 22122461

K TR B8 7 ) 42 1Y trans 10 cis 12 CLA Ab B R
23 P EC3TI-L1 ML R 7 A 1 2 22 S KGRI
trans10 cis 12 CLA A] DL i 97> 5 B8 7 A= BCAH 5
By e DR 23R Sk 1R 3T3-L1 48 M i 4 4k, o
ACACA . ACSLI . CEBPA . DGAT2 . FASN . BSCL2 .
CLSTN3 . FOXO1I . SLC2A4 .APOC2 . APOC3 . THRSP

1 GOS2., EE ) JE, trans10 cis 12 CLA 4t # 1) 4
A~ W5} (6] Bt , CHKA . HSPBI . IER3 . JUN. TGIF1 .
ZFAND2A F1 VSIR ¥ H it & A8 Ak, 3% 26 36 R E 15
H—2E 5 .

G W5 2 4 3 By I 5 40 i 2 L 1R AT A AE
S oS = A O < S s =
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Fig.2 Bioinformatics analysis of public databases
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