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Construction, breeding, and genotypic identification of an inducible mouse
model with skin CD4* T cell deficiency
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Abstract Objective  To establish and characterize an inducible, CD4* T cell-
specific ablation mouse model (CD4-iDTR) using the Cre-loxP and diphtheria toxin
receptor (DTR) systems, and to evaluate its depletion efficacy and specificity.
Methods CD4-iDTR mice were generated through cross-breeding, with genotypes
confirmed via PCR-based screening. Mice were categorized into an untreated (control)
group and a diphtheria toxin (DT) induction group. Flow cytometry was employed to
compare the baseline distribution of CD4* T cells between untreated CD4-iDTR and
wild-type C57BL/6 mice.In the DT group, CD4" T cell ablation was induced by
subcutaneous DT administration. The depletion efficiency in skin tissues and skin-
draining lymph nodes (sdLNs) was quantified at 24 h and 1 week post-injection.
Furthermore, the proportions of neutrophils, macrophages, dendritic cells, and other
CD11b" immune cell subsets in the skin were monitored to assess the model specificity.
Results Genomic profiling confirmed the successful generation of the CD4-iDTR line.
Under steady-state conditions, no significant differences were observed in the
frequency or absolute number of CD4™ T cells in the skin and sdLNs between CD4-
iDTR and C57BL/6 mice (P>0.05). Following DT induction, the CD4* T cell
population in the skin exhibited decline within 24 h and 1 week (P<0.05), whereas the
CD4* T cell counts in sdLNs remained stable. The percentages of cutaneous neutrophils,
macrophages, and other CD11b"™ myeloid populations were not significantly altered
following DT treatment (P>0.05). Conclusion The CD4-iDTR mouse model is
successfully established and bred, achieving efficient, specific, and inducible ablation
of cutaneous CD4" T cells without significant interference with the skin immune
microenvironment. This model serves as an ideal experimental tool for investigating

skin-specific immunological mechanisms.
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1.1 M8k

1.1.1 Y LoxP-STOP-DTR (LA Rf&EFR LSL-DTR) /NI [ H [ _Fifg R A A4 24 =]
[SCXK (") -2023-0005], CD4-Cre /I HH [F] 3% K 2= 4R 8 s it 7 iy s RS TR 1. By
A I8/ BRI R FRE T RGP Ab R X R ik R A& (specific pathogen free, SPF) Z4zh#)
B, EAEUES A SYXK () 2023-0044, THFEMERE N 12 h BRCE G, FiR4ERF
f£ (23%3) °C, #BJE 50%+10% , /N H UK. H3k1G CD4 -IDTR /MR, Stk
B 18 K 10 AR/, B 12 2 LSL-DTR MRS 6 X CD4-Cre HER, /RN
BN (2414) g0 AWTCHTE SLIERAE TR I 4 [ 7 K 20 J0AR X 3 s 18 B 2% 5 2 v A% it
#E (BF5: TI-HB-LAC-2025-150) .

1.1.2 XERF A4 MiE (fetal bovine serum, FBS) . H-#&H RVAM (H25: A5256901.
15070063) 114 3 [H Gibco Life Sciences A R]; FME#EZR (1i'5: D381867) M LighTH;
TANFRHR D AR A7 ; DNA B, IV EEG (535 D4309. C4-28) ¥t H 3 [E Sigma-



Aldrich A %] . FAEIEREY. RPMI-1640 55375k, N-2-F 2 FLWRME-N-2- 27l (HEPES) (1%
5: BP356. C11875500BT. BP310) i [ 3£ [E ThermoFisher Scientific A%, iz AEY)
B BR A 7324 DNA Ladder (185 : C06-09001) ; A TAY TR (L) BmaIRAH
ERCT SER TR TA 514, FRRL T SRR DL TAE il NaOH e il (185
A501004. B548101. C601009) ; pH8.0 Tris-HCI ¥ A1 pH8.0 Z. %Y 2./ (EDTA) ¥
W (B25: T1150. E1170) W H AL REEFEAR AR . Taq B (2>Premix) . PrimeScript
RT Master Mix (75 : RR001Q. RR036Q) Iy H H A Takara Bio /A ] Fc Blocker. BV421
anti-Mouse CD45. BV510 anti-Mouse CD45. AF700 anti-Mouse CD3. PerCP-Cy5.5 anti-Mouse
CD4. BV421 Anti-Mouse CD4; FITC anti-Mouse CD8. AF488 anti-Mouse CD11b. APC anti-
Mouse CD11c. PE anti-Mouse F4/80. AF700 anti-Mouse EpCAM (f%%5: 553141, 109832.
103137, 100215. 100539, 100437. 100707. 101219. 117310. 101219. 118216) ¥y &
BioLegend “E¥Fl 4% 4 I /4 & ; APC-Cy7 anti-Mouse Ly6G ( 525 : 25-1276) 1 5 5 [ Tonbo
Biosciences A ] . 41y 4kl Fixable Viability Stain 510 anti-Mouse (T%%5: 564406) W H
5[5 51 PRy A b PR A+
1.1.3 EBEMEMEL MEEAZON. KEOP (EEAEBE AR, 5.
5430R. 5810R) ; PCR . HLUKX[{ASRAEMmEZ W (F) GIRAR, B5.
S1000™Dual 48 well. 1645070]; 4uff (3 EE@PEIT WA RA R, 5. BD
FACSMelody) . &HZIZIResE 724 ( L REERHEAR AR, %5 : Tanon Chemi
Dog Ultra) -
1.2 J5¥
1.2.1 CD4-iDTR BB EKEE
JyF i CDA-IDTR #28Y, K Cre-loxP 41 DTR £%1, LA4li# LSL-DTR (LSL-

DTR™*) M5 CD4-Cre (Cd4°™®) HERAENEMRBATECR, KRG TR (FD IR, 7£
F1 AQ i e [R5 5 CdACre LR AN LSL-DTRY 4L LK Jo i )M (Cd4aC®/DTR™)
PR H S LSL-DTRY /N RIHT [I3E, AN B 8 5 fFH BE R R CDA4-IDTR

(Cd4CIDTRY™) FAR, FAHRIX AL LSL-DTR**. LSL-DTRY". #% [z & 7 seng WL

10



Bl 1 #S4: CD4-IDTR /PRIVIE (A) 5EHERKEE (B)
Fig. 1 Generation (A) and breeding strategy (B) of conditional CD4-iDTR mice

1.2.2 CD4-iDTR MREF B & =

BYHURRI S5 102~3 8 /N UL E T 9 5, JFICEE TR 08 . BROE T 100 pL
BRI A W (250 ul 5 mmol/LNaOH. 20 uL 10.5 M EDTA. 49.73 mL ddH.0) ,
95 °C& @M n# 1he A 100 L 5 JEZLARE B ¥ (2 mL 1 mmol/L Tris-HCIl. 48 mL
ddH,0) , 4°C 12 000 r/min &5.0» 10 min, HU_E3EH@AEN PCR #4Kk. 5190/7 41 W% 1. PCR
NARZR: 5uL 2xTaq PCR Premix, 51440.25 uL, 1uLDNA, JiIA\ DNase/RNase-Free
Water #h5%4210 uL. Cd4-Cre PCR %W F2/7 498 °C 2 min; 35x (98°C 155, 55°C 30,
68°C30s) , 68°C5min. LSLPCR RNFE/Fy 94 °C 3 min; 35x (94°C30s, 58°C 30
s, 72°C30s) , 72°C5min.

IR NERE LR Fik: FREX 0.6 g BRARKEM R E T 30 mL TAE ZZri 250 mL #E )R
i, PRGIRSIJG, A8 A GO s K TR b s = IR M AR e AV Ao B 1) B IR WV
N 3 ul R YR RGIR S . B EFATR H RS E R FELIN 60 °CHY, 145 H 2181
FEIRER S, FRIRAMFE NHE 20 min BB, OB LR, Kk
BB TR H . IRERT, PRSI MRE R FLII 5 ul DNA ladder, A FLA&KZin
A 9QuL f) PCR ¥ 14y, WHEHEIEN 120V, Hik 20min j&, BB, @it st g &
GRE G H AT R AT



X1 515

Tab.1 Primer sequences

Primer name Sequence (5' - 3")

Cd4-Cre F: CATGTCCATCAGGTTCTTGC
Cd4-Cre R: CCAGGGTCGGAGACAATAAC
LSL-Mutant R: GCGAAGAGTTTGTCCTCAACC
LSL-Common F: AAAGTCGCTCTGAGTTGTTAT

LSL-Wildtype R: GGAGCGGGAGAAATGGATATG

1.2.3 Ak CD4* T 4k RIER R L 55

L 7 JHEMEYE, CD4-IDTR /N RIRSEF AR C57BL/6 /N, A& (18+2)
g, SERNUKFFHTEWNT. BLFESU: 6 N CD4-iDTR /MR T L5 Tk DT,
YN 0.02 pg/ Ao RABFEXTHEZ: 3 H CD4-iDTR /N, AEAEMAEE. BRI
H&4H: 3 W C57BL/6 /N IS5 AR PBS, 03l F4a25)5 24 h Jv— RS0/, R
RSB R R A 2R R 51 Rtk IR 5 0047 J Al
1.2.4 /) B 2 8 v ) 2%

B TR RN IR 5, RAENRUS, BT R R S R s kA . R R4
PR FIRIIFFRE S, BIRERCAISOR, I TEILBEIR G (L 827 mg IV BLJ I
fiff. 100 pL PHEAEREN. 100 L DNA f§. 100 uL HEPES. 100 pL #-#£%5 % /29.6 mL RPMI-
1640 F;FR3L) , 137 °CiHAL45 min, HIIAIEELS min MEHAIRES . WHALEE R RIS
ZUK EEAE, IO\ FBS &bk, AR BRASANMIFIEIE, RIS E &0, BTN
B, FRANFE A PBS 2 ARI20 mL. 4 °C 500 r/min #5005 min. #RELSH LT
AP gerhilirf, SR, B0 E RS IR Y SU T R
1.2.5 WA

B “1.2.3 T0” "R HEHUR) B IR S bk R A SR IR ) SR A L 2, N Fe blocker Tk L&
10 min PHWTARRE LS Ao Bl S 0 NG AR R 14 44 k) Fixable Viability Stain 510 anti-Mouse, =
3B 15 min, 4°C. 500 r/min 250> 5 min 35 L. © ik CD4* T 4uH B R 35R

Fell: 4% 11200 Eo@lin N TRVE I I MR e bk, S BV421 anti-Mouse CD45. AF700



anti-Mouse CD3. PerCP-Cy5.5 anti-Mouse CD4; UK L0 & 40 min, IS B 22 pP s it
4 °C 500 r/min &0 5 min J5FF LIS ARG g2 o R S 4R O F 0%, A 100 pl
TR G LA . @ WhEE4EE CDA™ T Aok R AI: 4% 1 1 200 LGN TR AT
gLt difiAk, 45 BV421 anti-Mouse CD45. AF700 anti-Mouse CD3. PerCP-Cy5.5 anti-
Mouse CD4. FITCanti-Mouse CD8; W& 40min ¥k K EBSEE L, AT
W @ BAVEEFIERE: VPG DT AFEXEEA0MR M, 4% 11200 HLBImATRE:
FI M YL ik, 45 BV510 anti-Mouse CD45. APC-Cy7 anti-Mouse Ly6G. AF488 anti-
Mouse CD11b. APC anti-Mouse CD11c. PE anti-Mouse F4/80. AF700 anti-Mouse EpCAM;
W E 40 min K PGS EE EL.

18 FlowJo 10 BTl 45 9. [ ik CD4A* T i bl S5 & Jckél e CD45
AffL, SpHrHih CD3* CDA* WhE4HAE b CDAS ML T 70 b, FEAR I T SOk b i
YRR RS SS CDAT T 4 tbpl: #5CH € CO3 T k4L, 15 CDA'T Ik
TEAE CD3'T 40 rh i A diae s BEANRE SR PEIGE: 76 CDAS A4 T, & P b 4n i
4y CD11b*Ly6G* , BIA& I r4ifiu >y CD11b* EpCAM*, EME4NE )y CD11b*F4/80%, #f544R
Yify CD45* CD11c", VLK H AL CD11b" M4 yE4if. Xtk DT AbHE AT 5 & HE 40
AT ECBIAE AL, BEAIE T R A Sk
1.3 Guit¥abs

K GraphPad Prism 10 AT Goit s Hr ARG . THEHERA X £s #ox, W4
Z A LLBCR AN REAS ¢ A5G, 3 ALz 1a] i e i P B DR 3 5 2240 W7 . ) 2 J LLBCR
Tukey fuf. =R EHIRHAELNETTZ 5. 2 P<0.05 NZERA I FE L.

2 &R
2.1 CD4-iDTR #REE /MR ERREE LR

K FEF A CdaC/DTRY 55 LSL-DTRY™ (/N HEATA43E, FEXTIRAF 1A/ SR A7 2
IR e, 4RI 2, 500 bp BAMEZ% A Cd4®™®, 340 bp KAy LSL, HFAE
I N 650 bp, AN HEH — 4R &M N LSL-DTR 44 /N (LSL-DTR**) , Wi
A — 2 B A A S WT /INRR, R E 485 H — 2% SRR Y 4k R A Y 267 09 LSL-DTR 444
/NER, (LSL-DTR*") . Z55LE R 2. 3. 4. 5. 6. 7. 11. 14 ; CD4-iDTR

(Cd4°/DTR**) /MR, 1. 8. 12, 13 J LSL-DTR™*/NE, 9. 10 5K LSL-DTR™ /M.



B 2 CD4-iDTR /MREFRL E
Fig. 2 Genotypic of CD4-iDTR mice
M: DNA marker; 1-14: Mouse serial number.

2.2 CD4-iDTR /N5 C57BL6/M R BZRR B BBk T TRk R 45 CDAY T 4Hfa Lu sl R

NPFAL CD4-IDTR /N BB AE Rl G ROIR 2S T HOAFALE , R A AR XS CD4-iDTR
C57BL/6/)™ B 1 J2 k2 23 B HL 351 it bk L 4 EAT S e A M AR 20 43T o S50 2 Pk 2 4 B £ i v
H1 CD3* CD4* T kLA 7E CDAS* 1 241 LA A Hh Jir o5 RIS B 1) 5 2 Bk s B JBR 51 itk
45 CD4* T 4H/fi/E CD3* T RS4RI f 7 Aidie . 45 RAnEI3fR, RELFLH) CD4-
iDTR /N5 C57BL6/MRAHELEL, CD4-iDTR /N CD3* CD4* (5 CDA5™ I LL i A%k
#45 Co7BLe/MR LR EMEZ R, FkGIiE LSt CDA* i CD3*T 41 i iy Lol g 2 3 Pk 22 =

(P>0.05) .

B 3 CD4-iDTR /PR C57BL6 /MR R/ RS RMES T+ CDA* T bl R E
(n=3)



Fig. 3 The proportion and number of CD4* T cells in the skin/sdLN of CD4-iDTR mice
compared with C57BL/6 mice (n = 3)
A: Flow cytometry gating strategy for CD4* T cells in skin tissue; B: Flow cytometry gating strategy
for CD4" T cells in sdLNs; C: Schematic diagram of CD4" T cells in the skin and sdLNs of different
genotype mice; D: Statistical evaluation of CD4" T cell proportion and numerical abundance in the
skin and sdLNs.
2.3 CD4-IDTR /MR BZRK CD4* T YHHIFE HIRBERIESN24 he — G HIERBR 2T
NVEAL DT #5324 he —fJE% CD4-iDTR /MR B kR CD4* T 4 TR ER AR, K

MR ARIEAT M, DARAEE ) CDA-IDTR /N AT IRAL, Fdlfets £ 20 &
RA1LZI CD3* CD4* T 4l fE CD45 H i B RFA i o (0 11 70 bl S LAt s BRI
MEEEN CD4 T 41815 CD3* T U AARXT LU B &5 RANKEI4B frox, %4 DT AbFi24h, —
JJE, NRBEZRA ST CD3T CDA4* i CDA5* FI 4 ifd i) L5 Al e 5 A A BRAE AH LL 3 T B

(g=10.20. 9.32, #P<0.05) . BZRk5IUMkELsH CD4* 5 CD3* T 4 i iy bb il Jc &t 35 W 7%

5 (P>0.05) .

B 4 MARHMASHT CDA-IDTR MRIFS BGERE 24 h. — A5 IR RIS A E4
CO4* T gk B KFE (n=3)



Fig.4 Flow cytometric analysis shows the proportion and number of CD4" T cells in the
skin and skin-draining lymph nodes of CD4-iDTR mice at 24 h, 1 week DT injection

(n=3)

2.4 EWEERXT CD4-IDTR MR RAR T h R, BIROUg. Emaf. MR
RGN DA K FofhRiE CDL1b* S B 40 B M

[ 1B AN 5A i, P 5B Z5 AT WL CD4-iDTR /MUY FYES AIMEEE R 24 he —
JE R R A S e A B L ) o s (P>0.05)

B 5 WALIEARDHT CD4-IDTR /N RIESS B WEEER 5 B2 k22X b S 20 200 P ) 48 B b A3
(n=3)
Fig.5 Flow cytometric analysis of immune cell proportions in the skin of CD4-iDTR mice
after DT injection (n = 3)
A: Flow cytometric gating strategy for immune cells in mouse skin; B: Proportion of immune cells
in skin tissue; 1: Neutrophils; 2: Langerhans; 3: Macrophages; 4: Dendritic cells; 5: other CD11b*

cells.

3 e
AT RIS T —Fh3E T Cre-loxP 5 DTR R%5 [19 5% B = 3 e Fe itk i 2k CD4+ T 40 i

ff) CD4-IDTR /MR, sl Cd4 JE3)1UKB) ) Cre EAEF 5 loxP-stop-loxP-DTR 2 [Hl



REGHA, fH DTR FRIE ™R E T CD4A™ T 4O REAAL, 035 22 i A R R AT 3 77
ARISNEER, 5 CDATYIfIRFIA L) DTR 456 JFilid ADP-xpEEA, i & 1 i
CDARE PR 200, R AR 45 SRR, J RS Ak 2 24 h Fl— & J5 J ik D4+
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W] 5 JER2EL 20 S e 35 o JFL At S 2 200 B Y B AT

LR S B B a4 B M B DR R R AR T, FIF CD4-IDTR /NG54 DT #EALf4n
HiE PR R4, HAZOMALET LI 75 CDA T msk. e BTl S 0 a3 iia k. A
N B GG BT VRIS B, A RO TG K E T S e AU LRI 4 B
PeANAINE, [y, AW IE I R REES DT, Be#EKE CD4* T 4HMAY im0 bk H
FEERR L R IR 2N (HERF 24h &=— ), T Rk 51 45 T i) CD4* T 4R L sl e
B S U J o XA T R A PR A SR B T B R AR, (8 #5205 20 RO R B B = 0 G e AL 1
FURIAR TR, JUHOE T RN R RO B R AF 1S I RIE R AR CD4Y T Fu i D) e AL .

CDA" T YHPRIAELESF BRASZS S 2 P SORE Ik BRI Hh e s B A . 2 )ik CD4™ T
A LR BT B D Re R W I, R R AT, RES S R 2 AR RO R . AR
T, CDA™ T 4Hfafn) Thi7 SRR FE 7 oo 70 il R 1L-17 S5 40 0 [R5 A 5O B
O S T A0 . FERR IR R R R HERE T, CDAY T A S Ak R I EN A Rk
PA Th2 B [ WA, 18R] Thl B B ox il o, RRIERiCIZ T 400 (TRMD 1E
ORGSR b R 4 A S AR D, R R R S PRS2k CD4* T 4l i) CD4-iDTR
NS ALZAIT 5T CDA FEDRIZE B Sk R I 2 TR, T T 2R BRI AR (e R
BERAE BB b CD4* T 40 AEAS A I 3 ) BAR D RE A E I BB 7

AW TR IR 8 — o /N R, R SEEi ke B2tk CD4* T 4R S ERR . B
AR 28 = B e IO G s 2 AR AT 5 P DA S SR R PR I A, o0k B RS A e L 1)
W ERA HEME, RAE—A A5 B RS
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