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Abstract

Objective: This study aims to report a case of hemochromatosis secondary to hyperlipidemia, sum-
marize the patient’s clinical data, and explore the clinical characteristics and key points of diagno-
sis and treatment of this type of disease. Methods: The clinical data of a patient with secondary
hemochromatosis who suffered from repeated severe lipid metabolism disorders leading to he-
patic iron deposition were collected, and the relevant literature was reviewed in this paper. Re-
sults: The patient was an elderly male with poor appetite, fatigue, and nausea as the main clinical
manifestations. Laboratory tests showed abnormal blood lipids (mainly extremely elevated trig-
lycerides and severe hypercholesterolemia), severe liver function abnormalities, elevated ferritin,
and elevated blood sugar. MRI examination of the upper abdomen showed iron deposition in the
liver. After lipid-lowering and liver-protecting treatment, the patient’s blood lipid and ferritin le-
vels did not improve satisfactorily. Eight months later, the patient again developed severe lipid
metabolism disorder, abnormal liver function, and elevated ferritin. Upper abdominal MRI exami-
nation still showed iron deposition in the liver. Whole-exome sequencing of the gene revealed that
there was a ¢.503C > T (p.Ala168Val) mis-sense mutation in exon 3 of the PCSK9 gene, and lipid-
lowering treatment with alircizumab was added. After 7 months, the liver function, blood lipids,
and iron metabolism indicators returned to normal, and iron deposition was not significant. Con-
clusion: For hemochromatosis secondary to severe hyperlipidemia, genetic analysis can help guide
precise clinical treatment.
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Zk g 1 ifiL €499 (Secondary hemochromatosis, SHC) & —2H H 21 2 i Az Rl B -4 32 995 < B3 i i 5 8 24
993 55 22 i IR S5 B0 AR I BE L 10 S MR R [1] [2] 120 B R R TR B, HAERBREE, B R MR R
RO, WHREBURIZTIERIGST, KEEGe, Wi, FEMrE O/, OfRE. FFeF4eth. 1L,
JHA RS R4S R[3] [4]. 7E— Tl AR SHC B IBERA AT A, BH WAL T SR R 2 0 J) 5200
(51%), HIRFE YL (31%)- H 1M1 (8%) A FFH# 1L (8%) [5]. A TR T5 1 5 £E I K P4 T (Alcoholic liver disease,
ALD) % AR AH < g 15 4 iT975 (Metabolic associated fatty liver disease, MAFLD)EA |, DU & & E™ &
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TR A R R IR MURE DR (0 4k A VR I i fE 4, S L IR IR AE A a2y 220, I Hem RE A A AL BEAT
VI, RGREIRCIT RIS % .

2. ImK#H

B, 9, 62%, 1202246 A2 HN “g4%. =1 A" FREADWEENZ. B35 1AM
FIEHMANE. =71, BEEK. o, ek, BEETCH B AR . SN AR IUE SRS, B
RV ASHC . O S 40 A4, B AT 250~450 ml, Fr& ks 104~187.2 g/d, T 5 H 4. A4
Bk E R, Hlm=Mg 25.53 mmol/L (0.3~1.9 mmol/L), & fH[E EE 18.72 mmol/L (2.32~5.62 mmol/L), %
FE g8 3.97 mmol/L (0.8~1.8 mmol/L), K% & & 5.44 mmol/L (1.90~3.12 mmol/L); =Z=fig 1 HE 8.82
mmol/L (3.90~6.16 mmol/L), % C Jik 5.05 ng/ml (1.1~4.4 ng/ml), FEL LT 7.2% (3.6%~6.0%);: %4
P 59.00 U/L (9~50 U/L), #EHEE(F 500.00 U/L (15~40 U/L). ABi#EiAk: Rk MOV B e, &
RMELER MR, R R BRRE . IR, IRt S BATE, ny & R K 2ok, 8
BESR L5k &k, FF BRRD R . o O, R Ak,

ABEJEAT I CT PRI, B T 2 ZACE L B MR PRI .
BB I S AR R > 2000.00 ug/l (30~400 ug/L), *EkE I 2.82 g/L (2.0~3.6 g/L). Zid ik
MG ARTEIR . AR & DL IR B 45 1, VB Wi s e e . i, AFohae 4. MR, BER
o I0IT B TARERRARE R IR, CRATRERG . (AR R AR UE DURRRE AR, JRAESE 10 KA & H I —=FE 1.68
mmol/L, s fH[EEE 6.12 mmol/L, 2 EHES A 1.08 mmol/L, (K& ZEE A 4.31 mmol/L; 23 A # % 9
UL, B 47 UL, A% BEFIKEE 304.00 U/L (10~60 U/L), Jki&ERaE a k. Hbm B aks:
MR R ZE G e ORI TT, 2XI1128 8, BEM. Mg, e T IEE/KFREA S, 2 AR
H M %% 588.00 ug/L.

202343 A, HFH “Zw” &, HKHBI “YE. =27, IR, BEsEE . .
BRE AR MR ZEAH A . 36 Hr vl = B8 =14 48.58 mmol/L, & AH[EEE A 23.49 mmol/L; FFIhfg
e MHIHZE N 47.73 umol/L, RN 258 UIL, SRR EE N 37 UIL, BB ikEE N 2206
U/L; 25 IKE 4.98 mmol/L, 75 C Jik 6.36 ng/ml, ¥EALIMAL & H 5.9%: #k& H FF > 2000 ng/mL,
R 214 g/b. FIEE MR P4 B IR BF IR BRUTAR B BT 20 o ARAE BB I RAEIR o AR A 7 2 il B
BELLER, SWoNERIE. AFEZUOR. M. IFThee R4, JRITAT. E# ABE T LERAT
FElt, AR DR IRITEAMBER S IRYT . REEBF MM, AT 45N F 5 A Ak D0 I8 A% PE 1 €495 AH
IR PRI BUR 142 57 - /% PCSK9 JE[K] 3 5412 747 7E ¢.503C > T (p.Alal68Val)#i X 3 5+, i} Alphafold
(Alpha Fold Protein Structure Database). SMART (Simple Modular Architecture Research Tool) {4/ & i
TP, Pymol 2 (version 2.5.4) Al #L4L 23 HT#7s €.503C > T (p.Alal68Val)4s 7 55 168 5 & HL R th
2 R AL N R, B AR S 171 AL IR BT i 1 M EBE, ¢.503C > T (p.Alal68Val) & 4¢
PG 171 A B R 169 A7 R A e %W R 1 NSV, TTRES 51 A AR s R S5 4 K D R AR AL (L
K 1),

ghA B IR R VR R IE R SE S, #1128 ALD A 3F MAFLD. 4k &P . 7640 5 20T Fiss
Fefiti B, hoA PCSKO #l BRI PG JC GG YT, A = ). NEEEGE, 2 FEEAH M= 0.74
mmol/L, EJHEEE 3.24 mmol/L, =% E S A 1.50 mmol/L, K35 E A5 1.26 mmol/L; MHL RN
16.03 umol/L, AN 38 UIL, B EE NN 10 U/L, & BLEEIKEE N 681 U/L. Hbi/E €M 1L
&, Hh. M. k. BB AR Freirst, 2 AREEEAMH > 2000 ng/mL 4% 198 ng/mL, 7
HIEE A P MR FHEREITRA B (LA 2).
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Figure 1. 3D structure prediction of PCSK9 gene ¢.503C > T (p.Alal68Val) protein
& 1. PCSK9 £ ¢.503C > T (p.Alal68Val) & B = 4 &5 7 &

(A) (B) ©

(A) 2022 4 6 H 13 HIEH MRISFHEURAFAE . BRAEE S 5RI2PEREK; (B) 2023 4F 3 B 30 HARH MRI“FHIRAFAE. B
JEAS S B R; (C) 2023 4F 11 H 19 HIEH MRISFHEIRFIE. BS54 2022 4£ 6 H 13 H. 2023 4E 3 H 30
HF 5,

Figure 2. T1-weighted results of abdominal MRI plain scan of patients at different time points
2. BETERESAEE MRI 43 T1 MBUREER

3. Wig

Gk g2 M (s R BRI AR R 45 A E(MDS) . SRIRZN P (SCD) . F AU rh S I L 3 I -4
MuketE. 18V, ALD. 18 PER R KA MAFLD 253 plad Bk pUR T 2] [3] [4]. J4Ed 5T i fig
ARG R A R R 7S H 2538 2 (6], (ELIfL G 55 4k R L 62055 1D I 93 181 v oA LA« AR SCHRIE
1 FIKIAGR 380 ALD & 9 MAFLD JEfil |, S 527 80 & 7Y I IR AQ U S 5 4% K I G (1) B8 2, e 3
G RIZTT ISR T ARG, NIRRIRES %

KB EE NEER, BAEKEYRE S, £95 8, 2ul. BRYESIER T, ~EHIEERS
MR BREET S R ER AR FEERRITRR . SR8 S R A 7 25 LA & 4 R 1 I €205
ZWibsE7]: 1) BA S8 #E3EREIR, B ALD 4 3F MAFLD [8] [9]: 2) AEAb2Af 2 kB i 2k
ZH BB S, I MRI RO, SRR A n . 3) J RIS WU HE AR i 26 P if €25 g ik
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AR SR . B8 ALD A 9F MAFLD JyiZ 8 B ) B mtoms, (kS P Ruh S Hebs 5 mi g
MAEZEVIAE G, LG 2R AL AT BE A2 15 R 1% 8 2 B A R EL IR fE G R 28 . 4R 06 T I I AR e s a2k
RBHTIF H 25162 . FEE[6]1@1 % Fpnl Tek-cre /NS @R 4R E I & 4, Bseme s
8 FEIRHL, LTk, AR &4l Fpnl Tek-cre /s iU & H BLAT I 2RITTRR . Dongiovanni P 25[10]
W KB B H AR ZE . e g 07 S RH(HFD) A HFD ANk 877 = AN Si6 41, FnE 12 F8 )5 & 0 S0
BRALRIE N, PR AR 51 B B A S T IE B R IA R ARG 0%, R R WA IR AR B5GE fE kAR
IEEAI T

EE Xt g MR R ELIIEIT R 2B S AT M E R . BE R R RS “BlRRe” .
“EFRT L S SREREVIM. BEEIRANGRITEAERE TR LE, PLAORMARE. B
UURE B ARBT B B2 0)T , (HRE BB AR B8 ZIRABR, 8L %0 iritn B PCSK9 LK 4
T [XAEAE ¢.503C > T (p.Alal68Val) A8 5. PCSKO JE (K 4 i i 2K [ # Hlig hh EIR T & 9, % A5
1% 5 ik (signal peptide, 1-30). i 45 k493 (prodomain, 31-152). f#{k. 45 H44ek (catalytic domain, 153-421) LA J2 4%
#-CHRD 1#(The hinge-CHRD domain, 422-692)%f#41[11]. Abifadel $[12]F 2003 415 X471~ | PCSK9
JE R 948 55 Hy Yt A (B M 51 e 1k v I 7T B If1LE (Familial hypercholesterolemia, FH)FAH ¢ 14 . PCSK9 FE H S
5525 i i 2K 14 32 14 (low density lipoprotein receptor, LDLR) P fiid #2 . #E1EH ol T, 4R LDLR
510 v F T S ARG 5 B i A 1 JIE I 8% (low-density lipoprotein cholesterol, LDL-C)45 &, {2 Ad Hol A 75 E 40
MP, BEISTEANNE AN R EFFRH . LDLR Sidizijmik M40 fufs LA A TG AR o 40 P Py A Bk
JEFFEE, PCSKO BiR R A MIFRIAAK T L. PCSKO Bk A7E W M b R ZEBT YT, TR R4S & 03 A
W, —HHBE AR, ZE ARG G SRS T, 0] 2 2 M Ah A AR 1. fE4nfst,
FREAAS LDLR 454, MR E 414 (PCSK-LDLR-LDL-C E&%)), J&#&WiEis B IRHIARMR, 7]
FELIWT LDLR & [5] £ ffa Ji55 25 42 F) PG FE[13]. RIE, PCSKQ i ¥ ik sl B s, vl S 41k LDLR Bt
N FEAE, BHAS4HEXS LDL-C A RGER:, SU# i+ LDL-C /KF 5738 F+=i[14].

HRkHRE, PCSKO FE[H(c.503C > T (p.Alal68Val))Z84% nJ 5 S i 14 i IH[E B2 UAE 3 R AH5C[15], A
KK F B RN MK FE R B (R BV IG N, JUURE AN B k3% (R . A 5 et IR 3 Bk e [ 16], %
FEBH A B H I = ERIE[17]. = 4E85 M0 M BoR PCSKO [ p.Alal68Val S8 3 H (18 126
168 SR E M MR AL AR, BE 171 A RIERERRIE & 1 ANEEAL, 55 169 AR A ZRIY
e AT A, e L A Rl S R AN T RE P AR R ma (O ] 1), X AT BB AR 1% AR 3 B0 L™ I
WHIHLE. Zo%E, ZHRE MISARE R Ty PCSK JEHIGBIETY 5 F, KEIHSA AR TS
U ALD & 9f MAFLD J:fili 1, “57 7 « “2i” SRR RSS2 EmAT 75 R ™ E IR A AL A
o EE RANGERITHAL b, A PCSKO #si IR A PE G BBt AR YR YT, e E &I AR, SRR
PRI IEE, oI BRI RIS . A 58 2 BE A Id I A 75 7 s0OR CUIRA B 25367, IR
S EE, R AL SGE AN . PCSKO #IHIFIM R A, MRS EL#E— P oes, BKIRE,
BEYARUHRF R IR E IR, HAERIE IBE T Al DRI 2 3 O .

A9 3 IR A T A AR 5 o I B el R R T v, AR A DR R g R A
T, H s 52 I v UL Oy = e R T v, FE 35 IR NBE I 45 7 PCSKO #1751 - Bl P8 G B H0iR 97
I8¢ JE [ e [ ko H i = BB OR3P AMIFFE[18] [19]26 W], PCSKO 1) S Ay fi o 25 14 W4 JL [ e 24
Wiz —, WA e =R A, L R =R AR R s N B [20]. B4, FE— AT B R A
FH RS £ 3 1 4 WL PR ZH G BB 78 b R T, PCSKO AT BE RS TN B R WAL R (0 o B, H
JIEL 2 B3 15 e 45 6 B 1 2 (SREBP-2) MR A1 B A% M 1~ 10 5 45 (1) PCSKO Ji 5)) 1 DX 38 HY R 41 24 R A AR fk
AR RPN F e PCSKO Ik i, 1M 12 14 0k % 5 22 3 80 PCSKO #ik Fif[21]. 1288 BEAE KR
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FI S, TR AR RN L PCSKO A OCThRE M B ZEIR 28 o %5 T2 M VRS 480N X JFR JUE A I A R 9 1) 5
Wi, PCSKO A ¥ ALD FH5CVATT HIHT4E & . Ji Soo Lee Z5[22]7F — I 18 VB S £ 15 S 19 ALD K U
RIWE AR R I, PCSKO #il F1)vA T7 vl feid i W I AR, DA RS 15 S I H v =l &=, b T ek
JH W S8 S SR P 25, DT 9800 FFF 00 453473 PR A P IR o AR 81 R 3 DL PCSKO 25 [R5 5 SRR st 1) 4 R P I
g, PCSKO I 771 75 e Jk 8 45 A o A R -5 e BT 8 RE 46 22 838 B R 43 VR 9 4k R L € PRI VE
W — A .

4, &Eip

ZR LR, 7 E i R AR VT BE DR AR R P I E 5 A TR 3R o X B B2 vt M ILAE P BRA R St R ) 4k
M B, RS TT A2 g R, W25 R g MR A OB AL W, 15 T RS
#ELIT
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