TP St EA 2023, Vol.44, No.05 153

Lactococcus lactis subsp. lactis HFY 146} PL:
B R/ BT S e 0T

&R, FTERE,
RS Iy sabe BT hRevE i B R @b, SR 400067)

T B ARSCIGHE ST B A DA R B 2R R R AR ER FL K Lactococcus lactis subsp. lactis HFY 14 (LLSLHFY14) X}
Rt 175 S AR VE B 28/ BUE DhRE B I ROCR o SR AR EELLSLHFY 1498 5 /8B, 20/ BUALTE A 40 i/ 3=
(interleukin, IL) -2 IL-12Z8 G 84RO, ARG IEE 75 ARE -4 (hematoxylin-eosin, H&E) ] F M %2
R AR R AR S L, Sl e R A R U M. (quantitative polymerase chain reaction, qPCR) Fl1Western blotilll
EF AR RIIL-4, IL-1pA1#E 44 K [H T--p (transforming growth factor beta, TGF-B) mRNAR &iAFAIEH
FAXRIE . G5 REIR, LLSLHFY 14REW 5 TR R B 28 /0 U R fis ORI I IE 45 % i S 56 /R LLSLHFY 14
A M HIAR I ME B 238 A /N BRIL-2. IL-12. B EE [ (total protein, TP) . [ (albumin, ALB) FimikE T
[EFIT-H &y (interferon gamma, IFN-y) . TGF-B. %#JEERE G (immunoglobulin G, IgG) FimikfE, MiFNLAT
(serum creatinine, SCr) . IflJRZ % (blood urea nitrogen, BUN) . MJH[HEE (total cholesterol, TC) . Hih=
i (triglyceride, TG) ¥REE FFt. LLSLHFY 1434 ] A B AR e 18 Fl 1 /0 BRI PRSIt S AL B A% 2 (double-stranded
deoxyribonucleic acid. dsDNA) &P TER T [, B2 22 & BLLLSLHFY 14 0] DA AR P B 28 /)N BB /N ER TR
A TEEMRVER IR B E . mRNAAN G 5 8 A A R B 2 E 45 R Won, LLSLHFY 148848 FifJRE
B 5/ BB IE A 2L TL-4 mRNARIER [ RIEFI T IHIL-1B. TGF-B mRNAFIE {5, LLSLHFY 14f¢ 0 1 B 235 52
IOVEIE MR AN R ThRE, HLSCE (RS Rk 2 IEMDE, @ik (107 CFU/kg) LLSLHFY 1452543k JEfa
HIT PR . A FE R Nt — BRI B SR B2 Be 95 v ) PR R AR 25

R MUEHEE R PRk, R Rk

Lactococcus lactis subsp. lactis HFY 14 Improves Renal Function in Mice with Lupus Nephritis

ZHAO Xin, ZHOU Yalin, FENG Xia
(Chongqing Collaborative Innovation Center for Functional Food, Chongqing University of Education, Chongqing =~ 400067, China)

Abstract: In this study, the effect of Lactococcus lactis subsp. lactis HFY 14 (LLSLHFY 14) isolated from naturally
fermented yak yoghurt in Hongyuan county of Sichuan in improving renal function in mice with lupus nephritis induced
by norphytane was investigated. The effects of different doses of LLSLHFY 14 on immune indexes such as interleukin
(IL)-2 and IL-12 were measured. Then, renal histopathology was observed by hematoxylin-eosin (H&E) staining, and the
relative mRNA and protein expression of IL-4, IL-1p and transforming growth factor beta (TGF-B) in renal tissue were
measured by quantitative polymerase chain reaction (qPCR) and Western blot. The results showed that LLSLHFY 14
could increase thymus and spleen indexes in mice with lupus nephritis. LLSLHFY 14 could inhibit the decrease in
IL-2, IL-12, total protein (TP) and albumin (ALB) and the increase in interferon gamma (IFN-y), transforming growth factor
beta (TGF-f), immunoglobulin G (IgG), serum creatinine (SCr), blood urea nitrogen (BUN), total cholesterol (TC) and
triglyceride (TG) in the serum of mice with lupus nephritis. LLSLHFY 14 could also reduce the positive rate of anti-double
stranded deoxyribonucleic acid (dsDNA) antibodies in mice caused by norphytane. Pathological examination showed that

LLSLHFY14 could restore glomerular morphologic integrity and inflammatory infiltration in mice with lupus nephritis.
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Furthermore, LLSLHFY 14 could up-regulate the expression of IL-4 and down-regulate the expression of IL-1p and TGF-f
in the kidney. It can be concluded that LLSLHFY 14 significantly improves renal function in mice with lupus nephritis in
a positive concentration-dependent way. The effect of LLSLHFY 14 at high concentration (10° CFU/kg) is close to that of
prednisone. This study lays a foundation for further utilization of lactic acid bacteria in naturally fermented yak yogurt.
Keywords: lupus nephritis; norphytane; immune; expression
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A3, BRI 2 W L2 A Rk (0 IR FE 7R 4 A%
EE ARG IFR AT W E SRR
AR 4 B W LR TR R R WY B o T TS . JRUIR A
BT BAh, BRREREAS LD S R
MR RFEE, ERG RGP, ZEEMNEEREK
IR

RIGPEE %2 — PR S R G KIS %8, TET
B R LG R S BORIEE S &, @k gl /N R
HRES . WIS KR A SR ENUE— RAIEAE, B
TBE/NERIESS, o Ik as g A, 7 EE LR R
PR, ISR AR AR R, AT fE S AR
e WA 2 22 G0 BAN A B Tl ik 3 3 B 2 IR
SEIEE 2 I AR, AT IE A P R T4 it 30204k
S P RE RS TAE. A Rsa TR AR
WS ORFFTAE MR AENUAR BT, R 3% 28 AR T T Tl 2 1)
PEFAN . %8 A T FE B A0 Job SR 0 AR I Tk B R 25 2 08 T8
TEANGR % R, SempUASIE s RN 254 B L R
I3 s R R RS YYD, R KRR S T T
Ve, BURSGIZ IR &S, 2O0E 51 RS i A N B3 14
Wonm A, (2 T B AR AR A R A —
B M 51 L 98 R AN S0 5 20 R AL 2 BT, FES R N R
% 45T 28 Hi RT B 248 B 1) ST 4687 e T B, e R 3l P LA e
R BRI, S RRIEE S %%, BRI B
P TR S 6 AR B AR, DA 245 ) B T e A
BB, Lactococcus lactis subsp. lactis HFY 14
(LLSLHFY 14) 52 MDY 121 Ji i B AR IR AR I IR
Wby B — R, AT R S S ARIE S
R IIG YIRS, W %L Lactococcus lactis subsp. lactis
HFY 14/ & 85 H, JF Hasad i — 2 o+ 4 9%
SS9 MT Lactococcus lactis subsp. lactis HFY 14K 5 # 5
Ha % 1A FH AL

1 MEEHE

L1 Bk 3. MoEHSEGR

Lactococcus lactis subsp. lactis HFY 14432514 J 1] Ba] 1
R IG IR FVR M AL IR B 1) B AR R B AF IR AL, WA
S Ja A T B Y R R DR B O o I A A
BT TR AR, RS JICGMCC No. 16647,

6 JAWSMISPFCSTBL/I6 /N, MEMES -, it
50 K, RSN (23+2) g, WFEHEKEMGEREYD
BHEABR AR o AHE 5T Hh 2 4 S 56 28 Pl D RE 1t &
wn B [F B O sh ) Sk g A R s kv, HEHES N
2021050008B.

PR b (2 =98%) K [HSigmaAH]; KEM
(4ifFE=97%) b REFHARAR:; B4
A& (interleukin, IL) -2. IL-12. T3 &y (interferon
gamma, IFN-y) . %@JEEKEHG (immunoglobulin G,
IgG) . #AkE KB 7-B (transforming growth factor
beta, TGF-B) I %% W B Ml 5E (enzyme linked
immunosorbent assay, ELISA) &7 LA A% IfiL i AL BT
(serum creatinine, SCr) . ASH[EEE (total cholesterol,
TC) . IMJRE% (blood urea nitrogen, BUN) . HEH
(total protein, TP) . H& [ (albumin, ALB) . HiH
—FE (triglyceride, TG) Mkl &  HRIFEREEY
BHEARA A TRIzol 7. SYBREZE (I 5 g i S L
N IRAY) (SYBR Green PCR Master Mix) . + %%
FET RN 5 TR M ok it I FEL VK (sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, SDS-PAGE) #itH il %
WA A, MR (bicinchoninic acid, BCA) & [k
FENERASE  AEREFREREARAR: ERES
e M (quantitative polymerase chain reaction, qPCR)
ETWSIY. —Pi. =t 3E[EThermo Fisher Scientific
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BX43 it HABMKELIAF; UV-2600i44h-
Al W6t E . StoponePlus qPCRAY € [E Thermo
Fisher Scientific/A&; 5500Multift, % & Y5tk 14 2 4
g REERHEARA A
1.3 ik
13.1  Zh¥rseie

CS57BL/J6/NREEE ( (20£1) CT) #iE
(30%~40%) HEETNSEHMERIEL B . st/ R
WeBENL 2 A IE R 4. B4 . LLSLHFY 141Kk B 1
i (LLSLHFY14-L) #1. LLSLHFY 147K & {F H
(LLSLHFY14-H) #HFkJeadl (ZipatkEd) , A
10 H, MERES . 38 o M IR 4 SRS S E w4/ RROIE
VEST0.5 mLAE 3R K VA, (R RS o 4% %20 /8BRS s v 5
0.5 mLgAE A" . RS PR AE RE S5 582 K F4E, LLSLHFY14-L
AMLLSLHFY 14-H4L/N A H$#10° CFU/kg m,
A110° CFU/kg m, & #E ELLSLHFY 1435 # AW, RJE
FA /N BURE H 4210 mg/kg my ) & HE B IR B IR, 1B
Y FIRE A N B HE 5 0.2 mLZ&IE/K, & ZH0E B RE
12 J& . 12 J 5 R B0 HRHE B % /N 5ROt i, 4R
Je W BTUALBE /N B, A /0N B PN I, Ak 2 i i 0 A ol
&2, WX (D Q) Sl ERRR TR SRR
i) Ji 53 i /mg
NERAA T g
e IR R /m

Hﬁ%?ﬁﬁ:m
1,32 IfIE 2 M PR o A Pl

F U B /N BRI /E4 CF1 500 r/min &5 O
10 min, 43 E§4530 ERME, SREREELISAIK &7
VERHMIE PIL-2, IL-12, IEN-y. IgGFITGF-B4H A 75
B AT I
133 [Mig4EARE

13275 07k A B /N BG4 A R B T
NI SCr. BUN, TC. TG. TPHIALB/K
BT AE
134 HUOSUEN AR B R DU I &

TN B AR T S B2 R AR R (B2, 4. 6. 8.
104 1278 K P HR HE B v 6k /N R84TSR i, SR )5 DL
132795 7550 8 /N BRI 5 I BFLAR By 37 CF
FE 120 min, FRJ5 B0 BUEE Bt S A% M Z R (double-
stranded deoxyribonucleic acid. dsDNA) Fifk, ST
AN HATAROL G SPURSE &, BRJEIMNEY3,3°,5,5-
VU F SR AT (0, DA £ 5 75 T R 7 A B
1.3.5 LG Mg

file i /N RO AN R4, SR )5 F 10% 48 /R B bk

i it K = (D

(2

BT E . 48 hli/KALBEfS, FABEE S ITAHL, M
IR AR IATY I, B fa A AKE -4 (hematoxylin-
eosin, H&E) Jukbxf 1] i G J5 2 i st W 22 2H 23 11
H2EARART,
13.6  qPCRAMT

0.1 g/ 72 AL, SRIGMAN0.9 mLAETR &
IKBEAT A o RIGIINT.0 mLIYRNAzol X 4 23 1
RNA#ATHEH . Il 2 RNA$E HUE 1 OD 260 nn/ ODago s
THERNAAL AR, PR RNA S B 0 5 &K B 1
BT pg/uL G AT R 715 BlcDNA. 1 pL cDNA,
10 uL SYBR Green PCR Master Mix. 7 pL TG 2848 7K
1 uL BJ#5I AL pL RS AT IR, T € EPCRALH
HEAT M (95 °C. 60's; 95 °C. 15s; SRJF40 MEIE:
55°C. 30s; 72°C. 35s; 95°C. 30s; 55°C. 35s) ,
SN Ji F 2748k S AR O 2k R R AT TE SR S = AT, DA
p-actinfE AN ST, SR TF IR LR,

1 ARFRP N5
Primer sequences used in this experiment
M)
5'-TGGATGCTCTCATCAGGACAG-3'
5"-GCCGATGATCTCTCTCAAGTGAT-3'
5"-GTAACGCCAGGAATTGTTGCTA-3'
5"-CTCCTTAATGTCACGCACGAT-3'

Table 1
JEH LIS
IL-1f 5'-GAAATGCCACCTTTTGACAGTG-3'
114 5"-GGTCTCAACCCCCAGCTAGT-3'
TGF-f  5'-CTTCAATACGTCAGACATTCGGG-3'
P-actin 5"-CATGTACGTTGCTATCCAGGC-3'

1.3.7  Western blot/) #t

0.5 g/NRIA B AL, AT mLg f % i
ZLAAN10 pLoK F R S 0F 1T M, RIS 1E4 CF
12 000 r/min&.0v4 min, BREHREIEAZHER, K5 H
BCA A & &R 5 &0 & A 3T & & 74 & A R 2
JREIKFESO pg/mL . $24: VTR LGIG AR 8 5 4%
MR AR AE100 °C R ARIRS min, KR A WU TR
R H R AT LRI FBUK . RF2ES50 min 5 4R 5 R
)% (polyvinylidene fluoride, PVDF) 50k, HE K 5¢ ik
Je F &1 mol/L Tris-HCIZEph k¥ (Tris-HCI buffer salt
with tween, TBST) [¥15%i fif 4= FL 6 PVDF kAT 1 hist
W, 3 5 BOR FI TBS TS VR VE R . 4b 2 5 i PVDF AL
25 CF THuAEMm B R, #£1:500 (JL-4, TL-1PB
S TGF-BHik STBSTRFIEL ) Mk b — P i s
2 hJEHAEL:1 000 (HUiRSTBSTHRALL) R 2EPT
IgG P+ ¥ E2 ho 15 F Supersignal West Pico PLUSX}
PVDFEHHT T 5 B T & R G,
14 HdEgit 506

SRR I B FE AR HEAT3 IR ESEAT I E , SRa 4 SR DA
SPIE £ AR 22 R o A8 SRR 2K O 22 4 B 5 VR R B
PEHEAT 22 57 R E 4, FFHExcel 20165 H1E .
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Fig.1 Thymus (A) and spleen (B) indices in mice

22 NRUMFEFIL-2. 1L-12, TFN-y. TGF-BAIIgG i &
W R
W2 s, B ZH /)N BRI I TL -2 5 K

FITL- 1258 89K B2 A0 T HAh %40 (P<<0.05) , 1M %150"3 . i

IFN-y. TGF-BJi &K & FTgG i Sk & 0 % & T HAh ?120— ) . .
SUL (P<0.05) . IEH LN BT P IIL-2, 1112, %2&

IFN-y. TGF-BJ5 & & FlTgG i ik B 52 90 AR AL 41 = 0l

MR %, IL-2A0IL-127KF 33 % T Al 2, IFN-y. 5 o : .
TGF-BJF vl B AgG R BLIR BEIR T Al 2. A A 41T N @<§¢’¢§ &
Et, LLSLHFY 1488 0% A AR PR B 48 /) Bl ML 75 H O TL-2. &.y 05_}»

IL- 125 59k % I+ - AE TGF-B IFN-y, 1gGJf &k ¥ 5
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Fig.2  Levels of IL-2 (A), IL-12 (B), IFN-y (C), TGF-B (D) and IgG (E)
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g 12 in serum of mice
29
g 6 2.4 /NERUME T dsDNAFL AR ) BH 1 240 45 51
Z 3 TELLSLHFY 14/ F/NRIT IR G EE2. 4. 6. 8.
m
0

10+ 12/ 5% /N BRI I dsDNA BT A4 BEAT A I o 1E 5 2H /)N
B 7E BN S0 F A o 1M 7 dsDNAPUR Y R HLAE, ZH45
Fras, AT /N R AsDNABUIRI RBATE (R2) , #m
HRIENE B R SR S Dl . LLSLHFY 145K Je A 4] 1
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T RIS0%AIBHPERE, FENFI0M 5 FFEIKEI40%, RE
TEEBOJE I S0% KIBATE 2, B2 FRAK, #EANZE 12
N30%, LLSLHFY 14-HFIUK JE A 35 R s BH 14 22 fe . s
545 B WILLSLHFY 4R B Fa$ ] 1/ RARAE M S %8
(IR0, Bk EELLSLHFY 140080030 1R B FA -

2 BUETERS/D BT (F1 dsDNADL s BH 1 %
Table 2  Positive rates of anti-dsDNA antibody in serum of mice with

lupus nephritis

g BHI: 1%
SR B4R HeR M8 FIR 1A
EHEA 0 0 0 0 0 0
ikl 60 100 100 100 100 100
LLSLHFY14-L4i 40 70 70 70 60 60
LLSLHFY 14-H4 30 50 50 50 40 40
WA 30 40 50 40 40 30

25 BH N %

S AUBR T 5% 3 1E R 2H )N BB 2H 2 T 5 ) e
HE/NEREA IR, (HRAA 2 /N BB A i/ ak
WL FE A S TS (AR A, R B 200 i TR B %
PR, AR ENEHLSRE (K4 . RER
Al DA S R T A SN A, =k B I LLSLHFY 14
(LLSLHFY14-H#0) t— @R E ks 1 5 2010
A, Refg e B 5 IR e EE BIBUR .

A B

200 pm 200 pm

200 pm 200 pm

200 pm
AEF A, BAETY; C. LLSLHFY14-L41;
D. LLSLHFY14-H4: E.JRJEM 4.

B4 DRI SUMHKES: oy Byl 52
Fig. 4  Pathological observation of mouse kidney tissues by H&E staining
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Fig.5 mRNA and protein expression of IL-4, TGF-p and IL-1p in

mouse kidney tissues
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B, g% M /0 BRI B R AT AT e S 2 L E
TEECY, AR AT I IR B A%t R AR 4 /)N BB i
FEHCFI BT 4820 F B8, LLSLHFY L4013k Je ba T PR v
B 9% /N R R G Ok R4S BRI, R RR 4 HOR BT $E £ A3
P, 455 LLSLHFY 14-H ¥ 28R B 253K Je A 1
fEH, R EREETIERRE.
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ML) A ATEAR N A e 2 E A, EATEN LA
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FIAFI MY, TG P& i e 1 — s Bk R
H, HLAR H I S 2 M3 (R 1 O I P B I GK 122
W ETE, RSB A R R I I [gG KT 2 3R I
SR TE™, IL-2, IL-12. IFN-y. TGF-BAIIgGHIK
SPAR AT AR 5T P S AR IR IR IE 1 28 D BRI
LLSLHFY 14/ TREE B HN X 225 4k, o3t /)y BRI S
S, NSRRI 1 4 o

SCr5 R Z A2 H AWM ANAMNEY, 1ERAEARAA
WTENLA N R &=, B E/ANERIER e (HRE
P RO, BRI IR RE ) TR, SCr5 R R AAE
3 PP E 3R =, BT ASCrS IR = BUK-F s /E il
PRAZ W08 B AR B I B AR S R AR
BRIAE, b2 SEUHER S TGE ER R, XHAE
PRt A A T B S K S LI AR B I Re
B IR R, ERIE TP A& R, [FRTEaA
HERIRITEFMALBRI & SAEAC, IREFVLAR N I TPAI
ALB/KF IE % B2 48 RF 5 T RE 10 B 2T Filis 42 AT
"HLLSLHFY 148808 1575 DI RE 57 4 Jo 1 53 0 L3 /K-
M A 380 25 38 R M 8 B BT A B T e e AR
o I 5 b 1) 55— B AR R AR R 5 2R E
YL LD dsDNA$A™, LLSLHFY 14854 [%{KdsDNA
PUARIBATER, BT RIS R AR IER .

TL-4 5 5 B0 S e VR 5 P57, S B2 6 RN T 248 i 55
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