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Fig.1 Folate cycle and Methionine cycle
This figure is drawn by Figdraw.
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Fig.2 Main pathways of serine metabolism

This figure is drawn by Figdraw.

P S 2o IR B U RH G o
4 ZESB5%R

22 R A 20 i A PR o o A S B ER Y,
PR AR Y 50 55 Z PR I K 2B R S B A
BRI WA . 2RI E IR N B 2 Ak
MR — , AUZEE B B0 R 67 FTR , IETE RIS &
R A L e 20 A 512 5 55 22 A AUilhE
PR RIEE EEAE . IEHAEIAMN, 22 R A
I3 ek — 2R A A0 9 s PO AR BT, R 200 9 2
KA L KRR AP AR, 2 22
PRAC R AR rP Y S B el 1Y IR S R i
RIS, Al e T B PO A A
4.1 2zmBRESKEEEE 2aRNARW
ARE PR IR . 22 & R e sk = 2]
AET YU IE F AOACP- 17, 5 Z0HE TR 0 IE Jie 25 2 Fif
(NIRRT e o

22 SRS AW S R AP UE VI G . R
FARGURACHZE AL 10 S B3 LA PRLEL R, T 22
WA 57 AR IR e 5 R ARBT R Ao BF g 3%
WY S8R AR 23 5 A A R R TN 22 2 R /KT T e

e FERE IR /N BRBE TR Ik 5, I 22 S e A5 A
Tl S, AR 22 R DN Sk A BRI S S PHG-
DH \PSAT1 S5 iff 1) 7K - 1] i 3 52 /)N BB 5 28 R
PE R A i 020 S B R BAIE S TP 42
PR G LA A% A R 1 5 28 UM T T R 5 A A
Mo

22 R SRR ACH AL VIFH G . AR
ARUREE BB &5 I & m AR R4 Ng
AR R, BT R, R P Z 2R
PR Bl AR N 22 AR A Lk 2D, /0N R I RIE g okt 2 3k
SR, DT e g 5 I B8 . R I R BN R
NADPH,, 1fij 22 2 B A6 I IE i AC s 2 se 8 7= A= K
9 NADPH, P58 % BR, 10 il 22 5 02 00 1 e 1%
ARGE IR 8 A o[RBT, p-Ser AT LY
R b = H IR D5 B 45 &, HE SR D7 19 o0 fie ik
FE 2 AN, A AN D T 22 B R AT O I i 21 41
PSR EFEFR L DRI, Kb 70 24 R X IR
JHEAR AR ZE L A T 7 SR s, L 4 B IR X TR 2 L
A EAFRAIGY
4.2 zZIBRESEE 2ZA4ARMNEERELLE
KIBHIN A Z AR M Mt . 2R AN



M ERMKRFF® Acta Universitatis Medicinalis Anhui 2025 Jul ;60(7)

- 1355 -

WU RN A A 2 OC T VT 22 (g B G 1) MR8 A4 Xof
T F BRI R WE B, AE IR 40 e v, 22 5 R
B GRTE BT T 5, PHGDH S5 SCE IS 14 5
e 2R LR A0 AR /N4 8 2 22 R RE AN
LT A 0%, 4 7 22 B A Q0 5 A 9 s A
S B I6 LA e I RANME

22 G R A O] LA 22 P90 40 1 A R A
iR 2 AT R A G, X T R R A R
WA, T Warburg S0 AF A i Jed A% 181 5 1) 56
FC 28 ZAE S . IR 2, Tl 2 i B A1
225 R T L B35 Warburg 8500, 22 2 BRAE NG
S P R AR T 11 6 e i A, 9 40 o v 4K
22 BRI SR S A, 1 22 A BRI 5 R Rl g
UM IR 0 P 7 TR T A R AN A 2 I S o g
AR AR R A B Y R, 2 B
BGEAE OC B B PHGDH 7 i M 3Lt b 3R35 E
VA, 4 PHGDH 35 P4 1] i 35 34 5 i Jed 40 B 198 97
MU . X BB SR AR UESE T PHGDH A5 [ 22 A R
B R AR R B L R PR R 4 ] PHGDH
A — N BT SR

22 TR T DR UEIP R B o IR (R 585 R
W A R AL R A M B A 0 o
EOBES AT IR AT T K B, T Y
SRR BE 1 5 22 SRR G Y G S Bl PHGDH %5 4]
H5 . PHGDH R 3 1k 38 hin i) i AS (38 LA 4R
Zebk R T BESE 10 44 i PHGDH [ 32 3k S A2 3 i ygd
ARS8 B AL 510 SR T, Rossi et al ™ 41 & 31
PHGDH X 5Rx 0 n] D 202 i L i i 8 1) i Jeg
R BLAN, 22 s R AR S R I A B AR % DA
SUOT bR MR T A R 4R R R IR S BB Y
EA e 4 A B (L 75 5 3 e 40 e 3E A It
WG AL (e R A KRR . Fse ) &
B, Y RZ 20 PHGDH 5 53 Bt bk 45 5 808 A= /N B
I A8 AR R B T AL T2, 26 B PHGDH X Py Bz 200 i 1Y
WEFHFIAETG B, 0 PHGDH BEN% /b il
VAR A0 L P 3ot A VRl e P A B RCIR S 9
PETE T 0T I eg P v T TG, DT 28 5 e g 4
PEST R

SN 2, 22 B R AR S 22 FhpIL ] 8 42 g
MR IGTE RS B S IRATF R 2L
PR AR A2 F 00 56 Sl S P () 7= 400, A B 4 R i
S8 S B R SR MILR , 2T A YA 97 R B A BT
4.3 ZI[BEWMZRITHER ZAMRS5HN
(1 2328 I 15 B 240 RS 225 40 1) 45 i, AR 3R

L P RESE WAl it 25 40 L F) A7 T35 R D) RE A%, S BT 7R
R BRI (alzheimer's disease, AD)ZEffZiB TR
g 14 A HE R o

22 R Kk 2 B AN RE K HE HA CHEVE .
TEMG Y L-22 8 BR © 3 S 2 Hy 2 AR Jie Jo 240 5 L A
Gy, T LA B4R AN 2 iR I E IR R M TS
R R AN, ZRRAE M 2 R G h e
AR PS, 25 R ) 2 Fh DI BE , AL 4G B 48 JE 14 1A
P AT 530 [ VBT PR3 B ) S RN 2 fish 48 1k
SRS, 2R AL S S EU T E A M 2
SEH B KK Y 1E % DI fE. Le Douce et al'*! fff 5%
R, BT D-22 5 R FEAIR, AD /N B i 5 B
UG J5T 248 B 1 N- PR D= TR 46 5 1R 52 IR T PRI
MR E A FE 22 AR RERE AD 195 i 403 S AR 2y
RE, R 2 AR AT 2 AD A5 HEAEH] . Mo, 2
ARG WS P ) S i PSATL (PSPH PHGDH X
LR R e R B A AR /DU R PHGDH G
W2 250 PS FHHH AR 451 T i 2 08D, v fii  [B) i
i MREK 22T 5N & F AN 4x, 82 PHGDH
A5 B 22 R AR W6 OO i A QAN R ik & 75 Y EE
B

I, 22 FRRAE ARG B AR R B
YER o MR SRR 5 18 5 53 1 , B 22 TC Y
BIRSF, T3S S MR G IR &A% , LLET AD
SERIZE RGBSR IR RIS TR, 22 R AH
KM FERT T AL 10T i R B
4.4 #FBERE TEENRZHINN ELEGERK
PRI A HR AT O S SO o <5 7™ B Jl i A\ it
RERIGAE . B BFoT ™ & B, T i F A Menin 2
FI KT B AT g 3 8 R AR I — AN ML, 8
P Rb TR 22 R , T U % o 5 R 1IN D REDRR o
EATIRTE 3], 22 R IR A L o (1) DG B g PH-
GDH 7ML N B A i e ok 7 b oAy S SR T, A
Zyt FEr, PHGDH (14335 12 2 FEAIG, B0t i iy
(122 Z MR8 /L, b PHGDH IR B 78 22 Z IR 23
TSIV P i Il PRI, P83 LA PN B A0 L P o A
RO o X — R IR PR AR 3 2 R BT i
AW SR B T T BAR M H Y AT RE DT 1)
KT ARG EEN KR ELENO TN E, A
e 14 PHGDH YD REE b 78 22 2 FR R XS 1T
T R g B i

25 LRI 22 A TR A AR AR %) G B I RO Y
PR~ 5 i B B PR s AT R B M kA, B
W1,



- 1356 -

ZHEAR K FFIR  Acta Universitatis Medicinalis Anhui

2025 Jul;60(7)

R1 LIREBERPHXBESERNXR

Tab. 1

Relationship of key enzymes in the serine synthesis pathway to disease

Disease Key enzymes

Expression changes

Functional impact References

PSAT1,PHGDH
PHGDH

Diabetes mellitus type 2

Nonalcoholic fatty liver disease

Breast cancer, liver cancer, non-small PHGDH, PSAT1,PSPH
cell lung cancer, etc

PHGDH

Neurodevelopmental disorders

Up-regulation

Up-regulation

Down-regulation

Down-regulation

Affects insulin sensitivity [25](26](29]

Exacerbates hepatic fat accu mulation due (27]
to hepatic serine deficiency
Promote tumor development and metastasis [5106](7]19][33](38]

[39][42]

Affects neurodevelopment [4][44][46]
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Human serine metabolism and related diseases
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Abstract Serine is a non-essential amino acid that plays a key role in the synthesis of biomolecules such as pro-
teins, nucleotides and lipids, and changes in the uptake, absorption, synthesis and catabolic levels of serine in vi-
vo all affect multiple physiological processes in tissue cells. Serine plays a key role in intracellular energy metabo-
lism and signaling linkages, and has a profound impact on the developmental processes of a variety of metabolic dis-
eases, cancer, neurodegenerative diseases and aging. In-depth study of serine metabolic pathways can provide new
targets and strategies for early diagnosis, treatment and prevention of related diseases. Based on the physiological
function of serine, this article expounds the synthetic and metabolic transformation of serine in cells, and reviews
the research progress of intracellular serine metabolism on cell physiology and related diseases at home and abroad,
which provides a theoretical reference for serine metabolism as an emerging target for disease treatment.

Key words serine metabolism; glycine; one-carbon metabolism; metabolic syndrome; cancer; nervous system
diseases
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