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ALDH1AT1 Activity in Cancer Stem Cells Remodels

Immune-Microenvironment to Promote Breast Cancer Progression

LIU Cuicui, ZHANG Lixing, LIU Suling*

(Fudan University Shanghai Cancer Center & Institutes of Biomedical Sciences, Key Laboratory of Breast Cancer in Shanghai,
Shanghai Medical College, Fudan University, Shanghai 200032, China)

Abstract
rence. ALDH1A1 (Aldehyde dehydrogenase 1A1) is a CSC marker in many cancers, including breast cancer,

CSCs (cancer stem cells) are associated with tumor initiation, growth, metastasis and recur-

however the molecular mechanisms of ALDH1AT1 functioning in solid tumors remain largely unknown. Here,
the studies by LIU and colleagues demonstrate that ALDH1A1, solely relying on its enzymatic activity, decrease
the intracellular pH of breast cancer cells to promote the phosphorylation of TAK1 and activate NFkB signaling
pathway and then increase the secretion of GM-CSF (granulocyte macrophage colony-stimulating factor), which
lead to MDSCs (myeloid derived suppressor cells) expansion and anti-tumor immunity suppression to facilitate
breast tumor growth. Furthermore, the combination of ALDHIAT1 inhibitor DSF (disulfiram) and chemothera-
peutic agent GEM (gemcitabine) could cooperatively inhibit breast tumor growth and tumorigenesis by purging
ALDH" breast CSCs and activating T cell immunity. These findings elucidate the mechanisms of how active
ALDHI1A1 modulates tumor immunity to promote tumor development, which will shed light on new therapeutic
strategies for malignant breast tumor.

Keywords
TAK1; NFkB; GM-CSF

breast tumor; cancer stem cell; ALDH1A1; myeloid-derived suppressor cell; intracellular pH;
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A: K193 /EALDHIAT ) H ZFHE AL, 7T 5 NADP IR R~ B U, 8 B T AR 1937 s RS R T FE K AR Dy 7 B e s R (Q/
R), MIfii A % ALDH1A 1 EEEVE 7 AS 520 H B (1 087K 7 B~D: @it %A Aldhlal/ALDHIA1RAE/R(K193Q/R) 4T 1 HIMDA-MB-23 1452 41
Ji8 %, i@ Western blot’ ilEALDH1A 1 K H A 1A )5 R I5 2R, 38 i ALDEFLUOR S 56 137 20 40 ki 45 AL R 4T B ALDHESEVE . BT 4
BG B DIxEs R, K H One-Way ANOVAKLH:, *#P<0.01, **#P<0.001 .,

A: K193 is a vital enzyme activity site for ALDH1A1 which could form chemical bond (hydrogen bond) with NADP". Then, K was mutated to Q/
R at 193 residue to lose ALDHIAT1 enzyme activity but not protein expression. B-D: 4T1 and MDA-MB-231 stable cell lines were established with
the overexpression of Aldhlal/ALDHI1A1 wild-type or mutants (K193Q/R). The ALDH enzyme activity was determined by ALDEFLUOR assay and
FACS. Data were presented as X+s, One-Way ANOVA test was utilized, **P<0.01, ***P<0.001.

El1l ALDH1A1BEEGRKIRE R R (ARBSE CRR[10112250
Fig.1 The strategy to construct ALDH1A1 mutations in K193Q/R (modified from reference [10])
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A~C: FLIE AN BRI K SRS ik 2 1A ALDH1A1/Aldh1al f S48 RK193Q/RAFAT1(2x 10°4H i/ FL) FIMDA-MB-231(1x 1041 fg/4L) 41 i 5 $&.
SUBTRE T KIS, AEDRAT 140N AR T AR I R, By CEIA3 5 9 MR 4 i sk % s 8 H 48 vh 3 SR B D A8 B AS R B0 (1<10%5G
I} 1040 /7 1) B IE 235 ALDHI AT SRAZFRK193Q/R MDA-MB-23 1441 28 47 7L it S ol i (52 6 RV S 0 (n=6~8/4H), 4% J il s I A 2 4 H
A JE R DU PR AR T L IR AR . T 4 G v Bt 38 Dixss R, SR A One/Two-Way ANOVAKLHG, **P<0.01, ***#P<0.001, ****P<0.0001.
A-C: mammosphere formation assay was conducted with control, Aldhlal/ALDHI1A1 and K193Q/R mutant 4T1 cells (2x10* cells/well) or MDA-
MB-231 (1x10° cells/well) in mammocult medium. Representative images randomly selected from 4T1 cells were shown (A), and bar graph showed
the sphere numbers (B, C). D: the xenografted tumor assay was performed using serial dilutions (1x10°, 1x10* cells/fat pad) with ALDHIA1 or K193Q/
R mutant MDA-MB-231 cells (n=6~8/group). Tumorigenesis was determined after 4 weeks. Tumor growth was monitored, and tumor volume were
measured. Data were presented as X+s, One/Two-Way ANOVA test was utilized, **P<0.01, ***P<0.001, ****P<0.0001.
B2 ALDHIAVK#HESEIE(Zi ALDH BCSCsH B F BHIA B R (AR 1ESE ST (10115250
Fig.2 ALDHI1A1 increased ALDH* BCSCs self-renewal and promoted breast tumor growth

relying on its enzyme activity (modified from reference [10])

1234567 89101112
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1 EABRGERR S ES T ESHEBEEPBCSCsHISNE
Table 1 The BCSCs frequency in xenografted tumors was calculated by the LDA

il i {8 BEXMH

Group Estimate Confidence intervals
Ctrl 1/61 471 1/133 572-1/28 290
ALDHI1A1 1/5 582 1/15 150-1/2 057
K193Q 1/30 065 1/78 630-1/11 496
KI193R 1/44 788 1/10 9684-1/18 288

FTAT 45 R 4 SR 1 st 3205, SR One/Two-Way ANOVAKS ¥ .  ALDHIATZL5CtI41. K193QZLMKI93R4LH L, P4351250.000 50 0.014 20.
0.003 21.

Data were presented as X+s, One/Two-Way ANOVA test was utilized. ALDH1A1 group compared with Ctrl, K193Q and K193R group, P values were
0.000 50, 0.014 20 and 0.003 21, respectively.
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Az KRAT(SX 1020 /AL ) 4H e il it 2 Balb/c Bt PE /N BLFLIR AR DT 2 o, SR IS AT U Eg A, TSR AR (n=10/41); B: 6 ak528s, ] Sk
AR T WX bR A I E b (RIMDS Cs HEAT G 0 A U Birs ARECT W HE AL, Aldhlal 28 (i 8g 2 2R JE I 2H 24 b MIDSCs EE 51 B 6 388, i 2
K193Q/RIEAZ AR A AR MG BRI R (n=5/41); C. D: fEBAHIMIE T, 55X R A L, Aldhlal 20 16583 41 ZURN LU 2H 23 IFN-y*'CD8™ Al
TNF-o'CD8" T fifd (135 1 Lb 51 B 2 1 B, 36 B 1) B 34 EK 1 93 QUR FE AR AR 20 4 i e (n=5/2) . T AT 45 SR G v Bl 25 Axs R 7R, K FH One/
Two-Way ANOVAK:SE, *P<0.05, **P<0.01, ***P<0.001 .
A: 4T1 (5%10% cells were transplanted orthotopically into Balb/c mice. Tumor size was measured every 2 days, and the tumor volume was calculated
(n=10/group); B: compared with control group, MDSCs were observably increased in Aldhlal tumors and host spleens, but not seen in K193Q/R-mutant
(n=5/group); C,D: active CD8" T cells were markedly decreased in Aldhlal tumors and spleens compared with control group, which was recovered by
K193Q/R mutants (n=5/group). Data were presented as x+s, One/Two-way ANOVA test was utilized, *P<0.05, **P<0.01, ***P<0.001.
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Fig.3 ALDHI1AL1 increased MDSCs and suppressed T cell immunity relying on its enzyme activity (modified from reference [10])
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ALDHIALI, relying on its enzyme activity, decreased the pHi (intracellular pH) of breast cancer cells to promote the phosphorylation of TAK1 and acti-

vate NF«B signaling pathway and then increased the secretion of GM-CSF, which led to MDSCs expansion and immunosuppression to facilitate breast

tumor growth.

El4 ALDHIAIEZ % EMIMEREMBESE KNS FIHEXEARESE TR 1011220

Fig.4 The molecular mechanisms of ALDH1A1 on remodeling tumor immune-microenvironment

in breast tumor (modified from reference [10])
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