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[ Abstract]

melanoma and to evaluate TLO’s functions in antitumor immunity. Methods Lymphotoxin-beta receptor (LTPR) was

Objective To induce the development of tertiary lymphoid organs (TLO) in a mouse model of

overexpressed in NIH3T3 cells through the lentivirus system and the overexpression efficiency of LTPR in LTBR-NIH3T3
cells was examined. Western blot and qPCR were used to examine the non-canonical nuclear factor (NF)-kB signaling
pathway in NIH3T3 cells overexpressing LTPR. B16-OVA melanoma mouse model was constructed to explore the
induction of TLO and anti-tumor functions of TLO in LTPR-NIH3T3 cells. Results LTBR was overexpressed in
NIH3T3 cells through the lentivirus system, and flow cytometry showed that the proportion of GFP" cells reached 99%.
The overexpression of LTPR activated the non-canonical NF-kB signaling pathway in NIH3T3 cells. Findings from the
mouse tumor model suggest that the injection of LTBR-NIH3T3 cells successfully induced the development of lymphoid
tissue around the tumor and enhanced the tumor infiltration of T cells and MHC Il * macrophages, significantly inhibiting

tumor growth and prolonging the survival of tumor-bearing mice. Conclusion LTBR-NIH3T3 cells promoted anti-

tumor immunity by inducing TLO development, which may provide new perspectives for tumor immunotherapy.
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1.1 SEIGJRAL . 4R AN SEIG Bh

S T SR p GFP-Myc%s 4 ik, CopGFP-Myc-
mLtbr[FRL . PsPAX2SURL FIVSV g B 35 R A S50 25 F
FERSE

S i /N BV IR AT 4R 40 B R NTH3T3 AR B
20 Mo R HEK293 T U T b [ i 1 5% 5= Wy O3t o L
(CCTCC). /Ml BARREB16-OV AL 74 1 B2 B X
BAR B

SIS BROR AR B C57B6/ N, T B4R R AE
YRR RA R . /NRAYIESR | B BEAETA s S 30T
TV K7 S e BRASE B 22 DA 25 SR IEA T
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R ENIE LI HTR p100/p52(3E [E Cell signaling
Technology/y 7l ); LaminB (3 [E Santa cruz/A ) ; B-
actin(FEESIGMA #]); 4T MIgG-HRPAIEHT R IgG-
HRP (LUK FE A R 5 W AHUAFITC-CD11c, PE-
CD11b. PerCP-Cy5.5-Ly6C. PE-Cy7-Ly6G. APC-Cy7-
CD45, Brilliant Violet 510-I-A/I-E. Pacific Blue-F4/80.
PE-Cy7-CD19. FITC-CD3, APC-CD4, Pacific Blue-
CD8#/IBrilliant Violet 711-CD4( 3£ E Biolegend /A 7] ) ; PE-
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NIH3 T340l (Vector-NTH3T3)/E Jy % 1

1.4.2 Western blot# M LTPR-NIH3T3 4m it 3F 22 S NF-
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RelB. LaminBHI-actinidf £, YEMSE, 2 ¥ & — i1 h, B
Jto LNHMEASNSEEOGE EEEN EEN H iR
F AR Rk 1
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anti-LT BRI TE BIFL AR #4024 hH, YC4E 4N i Trizol 2417,
Iy S5 PR RN A 5% 53 0 cDNA, qPCREGINFE H Ccl19
Ccl21. Madcaml. Icaml. VecamlHJmRNAZKIKFE, 18S
oL =S e SPS G E705 27IWE=3 P d v 3 & B P 1K A d
95 °C 5 min; ZEP£95 °C 155, 1B k59 °C 30 s, ZEH72 °C
30 s; fEI35K . A2 YA T A mRNA AT R A i .
144 PRBEZBHEAZE I AN SPFRIC57B6/IN
IR 26 ~ 8JH, ITHEARIC I A1 6 . A EB16-OVA
AN, FIPBSH B BRI K 1x10” mL™", W21 5 R % 24T
W HL100 pL 4 A AR 5 2 /D B ER Je N . R
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Fz1 qPCREIMIFIIRKE
Table 1 Sequences and length of qPCR primers

Gene Forward (5'>3') Reverse (5'>3") Length/bp
Ltbr CATGCTAGCATGCGCCTGCCCCGGGCCTC TGAGCGGCCGCTCAGAGGTCTTGGCATCCTAGTG 212
Ccl19 GAAAGCCTTCCGCTACCTTC GAGGTGCACAGAGCTGATAG 92
Ccl21 TCCGAGGCTATAGGAAGCAA CTTCCTCAGGGTTTGCACAT 108
Madcam1 GAGCAAGAAGAGGAGATACAAGAG TGGTGACCTGGCAGTGAAG 117
Icaml GTGCTTTGAGAACTGTGGCA GGTCCTTGCCTACTTGCTG 119
Veaml GGAAGCTGGAACGAAGTATCC AAACACTTGACCGTGACCG 109
18S ACAGGGAGAAAGCGCAAAAC TGTGGCCTTGTGGTGAAGAG 237

K, W far s /N BB ML /3 A W2 : Vector-NIH3T34H (n=
11), LTRR-NIH3T341(n=15) . 4353k Vector-NIH3T3
FILTPR-NIH3 T34, [AIAE B =K N 1x10" mL™, 1E
ANERR BB A B BR AT e B RS . Bl S 55 10 KT iR,
o 1 R A 3R/ B 8g AA AR R A L, /0 BRU R AR
TR V=0.5xaxb’ (a AR, bAFHR), IEL
JAE RN B E S22 1R, AbBEATRE /N, BN B
I8 I B R, 43 B B Vector-NTH3T3(Vec) 41 Al
LTBR-NTH3T3(LTER) £ M HR 53 g I AR AR B R 4%
2 5 W [ F TR B U0 R MIHESS (4, AR BT %,
T ZE 5B vR M1 mg/m LI BRIV A1100 pg/mLAY
DNase | AL/, 37 CHEE H 30 min, AT
&, ST IR R AR . RN AR A 2, it
AT SR, WIS BUHIRE S S 10 R T AR 1 si /N BRI 17
OLH AR, (HE IR AR BRI 2 000 mm?, #3918
RN A B IE, TEAAFINZ Bl sET .
15 ZItFEFE

PIASREAR ] LR T AU A Fie X6 £ 965 22 RS ]

Vector-NTH3T3

LTBR-NIH3T3

FLBER B 2 T 2240 #7 (One-way ANOVA); Z 4 [H] Lk
R Z K2 )7 22 (Two-way ANOVA) 50 #r; Kaplan-
Meier 417 R L 53 H7 R flog-rank K 56 . P< 0.05 N 227 H
gt e X

2 #R

2.1 HHELTPR-NIH3T3ZEF

F 18 s 2L, ZENTH3 T340 i Hhid 63K L TR, i
AT A& B GFP 4 i L 5 3599%, % e 0% 5 LTPR-
NIH3 T340 AH%E T Vector-NIH3 T340 i, LTER 4 Jifd Lt 151
HMEIE70%(EI1A) o [T, qPCRFE—UEH, F 05
PEREHE = LTPR-NIH3 T340 fifg it ik Lebr/K V- (J811B),
ARG R F I FALTERAYNTHI T34 AL 3l .
2.2 FRIXLTBRIINIHITI B E L2 BANF-« Bif B A3
iE1ER

Western blot45 5 7~ , fHH T NIH3T 341 i Fi
Vector-NTH3T34iifd, i3 #15 LTRRAYNTHIT3ZH g i 5 Py
P100VE/V, 4R MIA% N P52 FIReIBHE SN ([512) . qPCREZEF
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Fig 1 Examination of LTPR overexpression in LTBR-NIH3T3 cells

A: Flow cytometry analysis of the expression of LTAR in Vector-NIH3T3 and LTBR-NIH3T3 cells; B: qPCR analysis of the expression of Ltbr in Vector-NIH3T3 and

LTPR-NIH3T3 cells including before and after sorting. ****P<0.000 1, n=3.
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Fig 2 Western blot was used to examine the activation of non-canonical
NF-kB pathway in LTPR-NIH3T3 cells.

The relative molecular mass goes from top to bottom: 100x10°, 44x10°,

52x10°, 70x10°, 68x10°.
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1F, 5 Vector-NITH3 T34t ffl A [t:, LTRR-NIH3 T34 ffd rf
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Madcam]1 . Icam1 M Veaml BRI, 2965011
B X(P<0.05), ULIATEIT FRIALTRRAYNIHI TN H, JE
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| = Anti-LTBR

Relative expression of Vcaml

Vec LTPR

Vec LTPR

Relative expression of Icam1

26 WUNF-w B 538 I 0 I Sl 380
2.3 LTPR-NIH3T3ZHBEHI MBI R

5 Vector-NIH3T3{67 4L AH I, B T ST LTPR-
NIH3T 340 f5 A 2500 il 2B 0 2R 4, g (R R /DN,
g o e SR A, e /N BUE AP IIE G, 22 R A Gt A
X (P<0.05, Fl4A ~ 4C) . [AlA, LTRR-NIH3 T340 fEiAYT
AN WD g I N Y S S AN S N LR e D TN b
RAEANMGIZIARE N, YR TLOZE IR BT 5 S A (14D)
2.4 LTPR-NIH3T34A X 50 4 i i) 2= B g Y 1ie it
1ER

A AL R R (K5), J9TLTRR-NIH3 T340 AG
I J5 I8 G P I ER85E R C D45 4l i 33 T 38 in,
CD3 Tk 4 g (4045 CD4" T4 AICD8* T4 ) Fl
CD11b'Ly6C Ly6G L Mg 2 i 1 1% 240 M ¥ L5 Fin oo A4 R
(BFmm’ iR ) b 0 40 A 4 X B0 88, 7R LTBR-
NIH3T3VA Y7 /N BUA A S iR (4T g e e S i
2.5 LTPR-NIH3T34Hfax$ EME4RAREIMHC |l {2 & RE
WAL B 1R 3 1 F

HE— 25 /M LTRR-NIH3 T340 M 1577 i I i i)
Wi 240 % B, MHC 11 *F4/807 L I £ g A7 384 i, B fiz 44
FR g [ R ) v ) 200 i 4 o 4 it 0 3538 o, MHC T
F4/80" EL IG5 4 it L (5 A1 57 AR (B’ RE ) v A 248 i
7 X g 5 JC I B AE L (K6 A, 6B); MHC 1T */(F4/807) Lt
g (El6C), $27RLTPR-NTH3 T34 i 3 = 412 17F 5 w4
JfL 1 MHC 1T i R 2 AR AL, 2 88 A BE 3 s bt 55
5, N i A= Ko

o - E
= 25¢ * * = 25¢ o gk é 15 Control *
© m Control i~ m Control S = tontro
B 201 = Anti-LTBR | B 20F = Anti-LTBR S | =Ant-LTRR
=] g S 10t
£ 151 £ 15t g
2 10 g 10 F
(=% r oy r 9]
& 5 & °r
R R S
= = 2
[} o} i=]
P Vec LTPR Vec LTPR ~ Vec LTPR Vec LTPR jﬁ Vec LTPR Vec LTPR
* 3k
8- 40 ¢

= Control

30| = Anti-LTBR

20

10 +

Vec LTPR

Vec LTBR

& 3 qPCR#:IIFLZ BANF-«xBif B 7ELTPR-NIH3 T3 4R F Y E
Fig 3 qPCR was done to examine the activation of non-canonical NF-kB pathway in LTPR-NIH3T3 cells
*P<0.05,**P<0.01, ***P<0.001. Vec: Vector-NIH3T3 cells; LTPR: LTPR-NIH3T3 cells. n=3.
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Fig 4 Evaluation of antitumor function of LTPR-NIH3T3 cells

A: Measurement of tumor size (Vec: n=11; LTPR: n=15); B: The tumor was weighted at 21 d after tumor stripping (Vec: n=11; LTPR: n=15); C: The tumor growth

curves (Vec: n=11; LTPR: n=15); D: HE staining of tumor microenvironment (white triangles show lymphoid-like tissue). Vec: Vector-NIH3T3 cells; LTBR: LTBR-NIH3T3
cells; ** P<0.01, Vec vs. LTBR.

Vector-NIH3T3 LTPR-NIH3T3 Vector-NIH3T3 LTPR-NIH3T3 Vector-NIH3T3 LTBR-NIH3T3 Vector-NIH3T3 LTBR-NIH3T3
o | Sl | | S 2
o 45.4% — © : b
- o 2 o z
L & )
I 3a5% o 6.18% = P g 3
N N RPN T & a ) <
- Ry . i o o o LS
Rk O Q ol
: 5
o CD45: APC-CY7 CD3: FITC CD8: PB Ly6G : PE-CY7
CD45" cells CD3" T cells CD4' T cells CD8" T cells Macrophages
* *
25 3 * 15 15
20
8 kS S ES S
ERE 52 . 510 5 $ 10
S o 8 3 4 S S
2! 21 _'!% 205 2 £o0s
S5 = 3 3 3
0 0 0 0
Vec LTPR Vec LTBR Vec LTBR Vec LTBR Vec LTBR
CD45" cells CD3' T cells CD4' T cells CD8" T cells Macrophages
* * o *x *
15 000 — 1000 I 1500 — 1000 ——Y
— ° — — — —
53 55 2000 53 800 53 . 53 800
’EE 10000 'EE 2 S 600 . -EE 1000 £ g 600
M ° ERI ER R . ER
= E 5000 = E 000 = E 400 » = E 500 -, = g 400
©x ‘ n OX © % 200 — Cx O 2 200
0 0 0 LA 0 0
Vec LTBR Vec LTBR Vec LTBR Vec LTBR

[ 5 LTBR-NIH3T34H B 00 B 5 i) o 5% 4R B 2 BY
Fig 5 Composition of tumor infiltrating immune cells affected by LTBR-NIH3T3 cells

A: Flow cytometry analysis of tumor infiltrating immune cells; B: Proportion of live cells; C: Total cell number/mm?’ tumor. *P<0.05, **P<0.01. Vec: Vector-NTH3T3

cells (n=11); LTPR: LTPR-NIH3T3 cells (n=15).
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6 LTPR-NIH3T348a 00098 E IS4 fa K2y
Fig 6 The effect of LTBR-NIH3T?3 cells on macrophages in tumors

A: Flow cytometry analysis of MHCII'F4/80~ macrophages and MHC Il “F4/80" macrophages; Ba, Bb, Bc, Bd: Proportion and total cell number/mm’ tumor of
MHCII "F4/80~ macrophages and MHC Il ~F4/80" macrophages; C: Ratio of MHC Il */(F4/80"). * P<0.05, **P<0.01. Vec: Vector-NIH3T3 cells (n=11); LTBR: LTBR-

NIH3T3 cells (n=15).
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NIH3T3 40 g i< {2 s 40 i 1) MHC 1142 96 e 7R
Ak, B IR B I A8 22, R T 200 M e B e S M T A
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