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Spalt-Like Transcription Factor 4 (SALL4) is a critical factor for self-renewal ability and pluripotency of stem cells.
Also, Various reports show tight relation of SALL4 to cancer occurrence and metastasis. SALL4 exerts its effects
not only by inducing gene expression but also by repressing a large cluster of genes through interaction with

various epigenetic modifiers. Due to the high expression of this protein in cancer cells and its silence in almost all

adult tissues, it is an ideal target for cancer therapy.

SALL4 neoplasm drug development molecular glue

| 1. Introduction

Spalt-Like Transcription Factor 4 (SALL4), a member of the SALL family, is a regulator of embryonic stem cells that
plays a critical role in cell renewal and proliferation. SALL4 expression starts as soon as two-cell stage and knock
down studies show its prominent role in different stages of fetal development L. Mutation in the SALL4 gene is the
cause of autosomal dominant Okihiro syndrome that mainly affects eyes, bones of arms, and hands, heart, and
renal system [&. However, the gene is silenced in most of adult tissues except germ cells and CD34+

hematopoietic stem cells &,

The SALL4 protein has two isoforms. SALL4A originates from the full-length transcript, while SALL4B as a spliced
isoform lacks a part of exon 2. This protein contains several zinc finger cluster (ZFC) domains spread in different
parts of the protein which give it both transcription activation and repression functions ©. This dual-mode
transcription factor can activate and repress clusters of genes that are critical for self-renewal and pluripotency.
SALL4 performs its repressive role through interaction with Nucleosome Remodeling and Deacetylase complex
(NuRD). Phosphatase and tensin homolog (PTEN), Lysine Demethylase 3A (KDM3A), Forkhead-Box (FOX), B-cell
lymphoma (BCL), and Kriippel-like factor (KLF) are the genes that are repressed by SALL4 Bl The transcription
activation role of SALL4 is also reported for Homeobox A9 (HOXA9) through interaction with mixed-lineage
leukemia (MLL) protein. Moreover, SALL4 directly binds to c-MYC promoter and enhances its expression. The

oxidative phosphorylation genes are the other targets of SALL4 protein 2!,

Reactivation of SALL4 in cancerous cells is a key event in tumorigenesis. Meta-analysis on SALL4 activation
showed hazard ratios (HR) of 1.4 (95% confidence interval: 1.19-1.65) and 1.52 (95% confidence interval: 1.22—
1.89) for all-cause mortality and cancer recurrence, respectively. This data provides evidence on the association of

SALLA4 to a poor survival rate in high SALL4-expressing patients [8. SALL4 overexpression is found in several
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cancer tissues and hematologic malignancies, suggesting a key role of SALL4 in cancer onset and progression.
Furthermore, the oncogene has been linked to various cellular mechanisms such as proliferation, apoptosis,
invasion, and resistance to therapeutics [ and high SALL4 is associated with poor prognosis and lower survival

rate in patients [&l,

Considering the critical role of SALL4 in cancer cell survival besides the difference in the expression of SALL4 in

healthy and cancerous cells, this protein seems to be a key target for cancer treatment.

| 2. SALL4 as a Potential Therapeutic Target

The association of SALL4 to cancer incidence and progression suggests that SALL4-targeting could be effective in
eradicating cancer cells &, However, lack of knowledge on suitable active sites, localization of the protein in the
nucleus, and inaccessibility on the cell surface all make SALL4 a challenging choice for drug design. Over the last
years, several specific drugs targeting SALL4 have been designed based on three main approaches. One
approach targets the functionality of SALL4 by inhibiting its essential protein-protein interactions. In the second
approach, SALL4 targeting drugs are characterized by drug repositioning. The third and more novel approach is

the modulation of SALL4 protein levels through induction of protein degradation (Figure 1).

https://encyclopedia.pub/entry/27235 2/8



SALL4 as a Therapeutic Target in Cancer Treatment | Encyclopedia.pub

o o

fTherapeutic peptide

i

I

I

EESE |
Entinostat—| HDAC -|- i
|

i

1

|

I

miRNA { Let-7 family |
miR-107 |

miR-296-5p |
miR-216 !
miR-16 :
miR-103 |
SALLARNA /7 N/ N\ | mir1ss |
miR-33b |

I miR-487 |
i

1

i

i

1

Dllguzycin

I—- ATP synthase

| miR-205

Ubiguitination SALL4 ligand E3 ligamd

MiD
4 Ukiguitination l

Figure 1. Scheme of the different drugs suggested to target SALL4 in cancer. OXPHOS: Oxidative

phosphorylation, IMiDs: Immunomodulatory imide drugs, PROTAC: Proteolysis-targeting chimeras.

2.1. Approach 1: Target SALL4 Function, the SALL4 Inhibitors

SALL4 interacts with various chromatin modulatory factors such as NuRD complex, DNA methyltransferases,
histone methyltransferases, and different histone demethylases. NURD is a chromatin remodeling complex that
mainly works as a transcriptional silencer through HDAC and CDH3/4 ATPase subunits and RBBp4. Due to the
high impact of SALL4/NuRD interaction on chromatin structure, the researchers tried to halt it through blocking its
function. Initially, a 12-AA peptide developed by the researchers' group that effectively blocked the interaction
between SALL4 and NuRD complex in HCC and acute myeloid leukemia (29, The peptide treatment can decrease
the binding of HDAC to the promoter of PTEN resulting in increment in the expression of PTEN. Further
optimization of this peptide led to the discovery of FFW, a pre-clinical prototype, and an SALL4/RBBP4 inhibitor

that can induce apoptosis in cancer cells and hindrance of formation of xenograft in mice 111,
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Inhibitor(s) of HDACs (HDACI) can be viewed to inhibit SALL4 function indirectly. As matter of fact, HDACi has
been shown to have promising therapeutic effects on SALL4 expressing cancer cells. Connectivity Map (cMap)
analysis for determination of possible drugs targeting SALL4 reveals Entinostat (MS275), an HDACI gets the
highest score. More experimental studies showed that SALL4-high lung cancer cells are more vulnerable to
Entinostat treatment 12, Surprisingly, additional studies on Entinostat-mediated SALL4 targeting reveals a second
drug mechanism. MiRNA sequencing after Entinostat treatment showed that this drug downregulates SALL4 by up-

regulation of miR-205.

2.2. Approach 2: Targeting SALL4 Downstream Pathways; Repurposing Oxidative
Phosphorylation Drugs to Inhibit SALL4 Positive Cells

In order to identify compounds with inhibitory effect on SALL4, a library of 1597 synthetic and 21,575 natural
compounds were tested on SALL4 high expressing cells. The highest score was taken to the oxidative
phosphorylation inhibitor Oligomycin. Oligomycin is a macrolide produced by Streptomyces and an inhibitor of
adenosine triphosphate (ATP) synthase. This compound demonstrated tumor suppressive role both in vitro and in
vivo on SALL4 high cells. In line with this observation, chip-seq data analysis showed binding of SALL4 to near
50% of mitochondrial Oxidative phosphorylation genes. Moreover, oxygen consumption rate and oxidative
phosphorylation increased dramatically in SALL4-high cells, all promoting ATP synthesis in these cells 3],
Although glycolysis was previously thought to be the major energy producer of cancer cells, recent findings

highlight the critical role of oxidative phosphorylation mechanisms in the promotion of tumor progression 141,

2.3. Approach 3: Modulating SALL4 Abundancy

2.3.1. Nucleic Acid-Based Therapy

The researchers' growing knowledge on regulatory roles of miRNAs along with development of miRNA specific
delivery systems have made miRNA-based therapy as an emerging approach in treatment of cancer. Various
miRNAs regulate SALL4 post-transcriptionally among which Let-7 family has been the focus of many
investigations. Let-7 binds to SALL4 at 3' UTR and induces cell differentiation through repression of a cluster of
genes. It is shown that Lin28 that is an RNA-binding protein represses Let-7 family members and the Lin28/Let-7
axis is an important player in tumorigenesis [12. Let-7 overexpression in HCC cells induces cell cycle arrest and
apoptosis 8. Moreover, low Let-7 expression is shown to be a predictor of poor prognosis in lung cancer patients.
In line with these findings, MmiR-98 that is a member of Let-7 family has demonstrated a tumor suppressive role
through interaction with SALL4 in HCC, glioma, and ovarian cancer 7. There are some other miRNAs that
regulate or are regulated by SALL4. MiR-107 directly targets SALL4 and induces apoptosis in glioma cells both in
vitro and in vivo. Moreover, miR-296-5p is shown to have a suppressive role on proliferation, migration, and
invasion of liver cancer through Brgl/Sall4 axis. Brgl which enhances expression of SALL4 by binding to its
promoter is potentially inhibited by miR-296-5p 1&]]. MiR-219, miR-16, and miR-103, miR-195, miR-33b, and miR-
497 also are proposed to have role in suppression of tumorigenesis via interaction with SALL4 29, |n a recent

systematic review, the researchers comprehensively discussed the interaction between SALL4 and different
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miRNAs [29. The inhibitory effect of these miRNAs on SALL4 gene expression can be considered for prospective

RNA-based therapy approaches.

There is also a tendency for gene silencing through Small interfering RNAs (SiRNA). Knockdown of SALL4 by
siRNA is shown to induce apoptosis in colorectal and breast cancer cells [21. Ashrafizadeh et al. directly delivered
SALL4-siRNA to HCC cells using a lipoprotein-like scaffold which resulted in inhibition of HCC tumor growth in vivo
(22 Moreover, transducing lung cancer cells with siRNA against SALL4 resulted in more sensitivity of the cells to

platinum-based drugs (23],

2.3.2. SALLA4 Degraders

Despite their teratogenic effects, IMiDs (immunomodulatory drugs) are applied for treatment of patients with
multiple myeloma. These immunomodulatory drugs induce the degradation of more than 11 zinc finger proteins
including SALL4A 24, Thalidomide as an ImiD, promotes ubiquitination and subsequent degradation of SALL4A on
ZFC2 C2H2 domains by binding to Cereblon (CRBN) in the choline complex E3 ubiquitin ligase (CRLACRBN) [23],
Based on this function, ImiDs are proposed to be among the new generation of therapeutics which utilize protein
degradation machinery to destruct the target protein. Proteolysis-targeting chimeras (PROTACs) and molecular
glues induce the interaction of the target protein with E3 ubiquitin ligases and subsequent degradation of the
protein through proteasome 28, The ImiDs as molecular glues bind simultaneously to the E3 ligases on the one
hand and to substrate protein on the other hand, leading to degradation of the target in a proteasome-dependent

manner.

PROTACs are the other class of drugs that take advantage of target-specific degradation strategies to omit
interested proteins. They are heterobifunctional structures comprising two ligands connected via a linker that one
joins to the E3 ligase and the other joins to the protein of interest. The formed ternary complex finally induced
Proteasomal degradation of interested protein. However, to the best of the researchers' knowledge, no PROTAC-
based degrader has been designed against SALL4. One potential limiting factor of PROTAC is that it is a larger
molecule with a high molecular weight, which may be challenging for the development of an oral drug

administration therapy.

| 3. Conclusion

Despite the evident role of SALL4 in tumorigenesis and therapy resistance, no therapeutic targeting SALL4 are
currently on the market. The landmark discovery of a new class of molecular glues non-IMiD targeting SALL4 and
other oncogenes has the potential to become a real disease-modifying treatment and open a novel therapeutic

perspective for several intractable cancer conditions.

References

https://encyclopedia.pub/entry/27235 5/8



SALL4 as a Therapeutic Target in Cancer Treatment | Encyclopedia.pub

10.

. Elling, U.; Klasen, C.; Eisenberger, T.; Anlag, K.; Treier, M.; Murine inner cell mass-derived

lineages depend on Sall4 function. Proceedings of the National Academy of Sciences of the
United States of America 2006, 103, 16319-16324, doi:10.1073/pnas.0607884103.

. Kohlhase, J.; Chitayat, D.; Kotzot, D.; Ceylaner, S.; Froster, U.G.; Fuchs, S.; Montgomery, T.;

Rosler, B. SALL4 mutations in Okihiro syndrome (Duane-radial ray syndrome), acro-renal-ocular
syndrome, and related disorders. Human mutation 2005, 26, 176-183, doi:10.1002/humu.20215.

. Yang, J.J.B.R. SALL4 as a transcriptional and epigenetic regulator in normal and leukemic

hematopoiesis. 2018, 6, 1-9.4. Miettinen, M.; Wang, Z.; McCue, P.A.; Sarlomo-Rikala, M.; Rys, J.;
Biernat, W.; Lasota, J.; Lee, Y.-S. SALL4 expression in germ cell and non-germ cell tumors: a
systematic immunohistochemical study of 3215 cases. Am J Surg Pathol 2014, 38, 410-420,
doi:10.1097/PAS.0000000000000116.

. Kuhnlein, R.P.; Frommer, G.; Friedrich, M.; Gonzalez-Gaitan, M.; Weber, A.; Wagner-Bernholz,

J.F.; Gehring, W.J.; Jackle, H.; Schuh, R. spalt encodes an evolutionarily conserved zinc finger
protein of novel structure which provides homeotic gene function in the head and tail region of the
Drosophila embryo. EMBO J 1994, 13, 168-179, doi:10.1002/j.1460-2075.1994.tb06246.x.

. Fujii, Y.; Yoshihashi, K.; Suzuki, H.; Tsutsumi, S.; Mutoh, H.; Maeda, S.; Yamagata, Y.; Seto, Y.;

Aburatani, H.; Hatakeyama, M. CDX1 confers intestinal phenotype on gastric epithelial cells via
induction of stemness-associated reprogramming factors SALL4 and KLF5. Proceedings of the
National Academy of Sciences of the United States of America 2012, 109, 20584-20589,
doi:10.1073/pnas.1208651109.

. Nicole, L.; Sanavia, T.; Veronese, N.; Cappellesso, R.; Luchini, C.; Dabrilli, P.; Fassina, A.

Oncofetal gene SALL4 and prognosis in cancer: A systematic review with meta-analysis.
Oncotarget 2017, 8, 22968-22979, doi:10.18632/oncotarget.14952

. Liu, C.; Yao, F.; Mao, X.; Li, W.; Chen, H. Effect of SALL4 on the Proliferation, Invasion and

Apoptosis of Breast Cancer Cells. Technology in cancer research & treatment 2020, 19,
1533033820980074, doi:10.1177/1533033820980074.Di, C.; Sun, J.; Zhang, H.; Zhou, P.; Kong,
J. High expression of SALL4 is associated with poor prognosis in squamous cell carcinoma of the
uterine cervix. Int J Clin Exp Pathol 2018, 11, 1391-1398

. Han, S.X.; Wang, J.L.; Guo, X.J.; He, C.C.; Ying, X.; Ma, J.L.; Zhang, Y.Y.; Zhao, Q.; Zhu, Q.

Serum SALL4 is a novel prognosis biomarker with tumor recurrence and poor survival of patients
in hepatocellular carcinoma. Journal of immunology research 2014, 2014, 262385,
doi:10.1155/2014/262385.

. Sun, B.; Xu, L.; Bi, W.; Ou, W.-B. SALL4 Oncogenic Function in Cancers: Mechanisms and

Therapeutic Relevance. Int J Mol Sci 2022, 23, 2053, doi:10.3390/ijms23042053

Porporato, P.E.; Filigheddu, N.; Pedro, J.M.B.-S.; Kroemer, G.; Galluzzi, L. Mitochondrial
metabolism and cancer. Cell Research 2018, 28, 265-280, doi:10.1038/cr.2017.155

https://encyclopedia.pub/entry/27235 6/8



SALL4 as a Therapeutic Target in Cancer Treatment | Encyclopedia.pub

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Liu, B.H.; Jobichen, C.; Chia, C.S.B.; Chan, T.H.M.; Tang, J.P.; Chung, T.X.Y.; Li, J.; Poulsen, A.;
Hung, A.W.; Koh-Stenta, X.; et al. Targeting cancer addiction for SALL4 by shifting its
transcriptome with a pharmacologic peptide. Proceedings of the National Academy of Sciences of
the United States of America 2018, 115, E7119-e7128, doi:10.1073/pnas.1801253115

Yong, K.J.; Li, A.; Ou, W.B.; Hong, C.K.; Zhao, W.; Wang, F.; Tatetsu, H.; Yan, B.; Qi, L.; Fletcher,
J.A.; et al. Targeting SALL4 by entinostat in lung cancer. Oncotarget 2016, 7, 75425-75440,
doi:10.18632/oncotarget.12251

Tan, J.L.; Li, F.; Yeo, J.Z.; Yong, K.J.; Bassal, M.A.; Ng, G.H.; Lee, M.Y.; Leong, C.Y.; Tan, H.K.;
Wu, C.S.; et al. New High-Throughput Screening Identifies Compounds That Reduce Viability
Specifically in Liver Cancer Cells That Express High Levels of SALL4 by Inhibiting Oxidative
Phosphorylation. Gastroenterology 2019, 157, 1615-1629.e1617,
doi:10.1053/j.gastro.2019.08.022

Porporato, P.E.; Filigheddu, N.; Pedro, J.M.B.-S.; Kroemer, G.; Galluzzi, L. Mitochondrial
metabolism and cancer. Cell Research 2018, 28, 265-280, doi:10.1038/cr.2017.155.91. Balzeau,
J.; Menezes, M.R.; Cao, S.; Hagan, J.P. The LIN28/let-7 Pathway in Cancer. Frontiers in genetics
2017, 8, 31, doi:10.3389/fgene.2017.00031

Jin, B.; Wang, W.; Meng, X.-x.; Du, G.; Li, J.; Zhang, S.-z.; Zhou, B.-h.; Fu, Z.-h. Let-7 inhibits
self-renewal of hepatocellular cancer stem-like cells through regulating the epithelial-
mesenchymal transition and the Wnt signaling pathway. BMC Cancer 2016, 16, 863,
doi:10.1186/s12885-016-2904-y.

Shen, C.; Li, J.; Che, G.J.T.C.R. Prognostic value of let-7 in lung cancer: systematic review and
meta-analysis. 2020 2020, 9, 6354-6361.

Xia, Z.; Qiu, D.; Deng, J.; Jiao, X.; Yang, R.; Sun, Z.; Wan, X.; Li, J. Methylation-induced
downregulation and tumor-suppressive role of microRNA-98 in glioma through targeting Sal-like
protein 4. International journal of molecular medicine 2018, 41, 2651-2659,
doi:10.3892/ijmm.2018.3464

Shi, D.M.; Shi, X.L.; Xing, K.L.; Zhou, H.X.; Lu, L.L.; Wu, W.Z. miR-296-5p suppresses stem cell
potency of hepatocellular carcinoma cells via regulating Brgl/Sall4 axis. Cellular signalling 2020,
72, 109650, doi:10.1016/j.cellsig.2020.109650.

Chen, L.P,; Zhang, N.N.; Ren, X.Q.; He, J.; Li, Y. miR-103/miR-195/miR-15b Regulate SALL4 and
Inhibit Proliferation and Migration in Glioma. Molecules (Basel, Switzerland) 2018, 23,
doi:10.3390/molecules23112938.

Liu, J.; Sauer, M.A.; Hussein, S.G.; Yang, J.; Tenen, D.G.; Chai, L. SALL4 and microRNA: The
Role of Let-7. Genes 2021, 12, doi:10.3390/genes12091301

https://encyclopedia.pub/entry/27235 7/8



SALL4 as a Therapeutic Target in Cancer Treatment | Encyclopedia.pub

21. Hesari, A.; Anoshiravani, A.A.; Talebi, S.; Noruzi, S.; Mohammadi, R.; Salarinia, R.; Zare, R.;
Ghasemi, F. Knockdown of sal-like 4 expression by small interfering RNA induces apoptosis in
breast cancer cells. Journal of cellular biochemistry 2019, 120, 9392-9399,
doi:10.1002/jcb.28214.

22. Ashrafizadeh, M.; Hushmandi, K.; Rahmani Moghadam, E.; Zarrin, V.; Hosseinzadeh Kashani, S.;
Bokaie, S.; Najafi, M.; Tavakol, S.; Mohammadinejad, R.; Nabavi, N.; et al. Progress in Delivery of
siRNA-Based Therapeutics Employing Nano-Vehicles for Treatment of Prostate Cancer. 2020, 7,
91.

23. Yanagihara, N.; Kobayashi, D.; Kuribayashi, K.; Tanaka, M.; Hasegawa, T.; Watanabe, N.
Significance of SALL4 as a drug-resistant factor in lung cancer. International journal of oncology
2015, 46, 1527-1534, doi:10.3892/ij0.2015.2866.

24. Sievers, Q.L.; Petzold, G.; Bunker, R.D.; Renneville, A.; Stabicki, M.; Liddicoat, B.J.;
Abdulrahman, W.; Mikkelsen, T.; Ebert, B.L.; Thomé&, N.H. Defining the human C2H2 zinc finger
degrome targeted by thalidomide analogs through CRBN. Science 2018, 362, eaat0572,
doi:10.1126/science.aat0572.

25. Donovan, K.A.; An, J.; Nowak, R.P.; Yuan, J.C.; Fink, E.C.; Berry, B.C.; Ebert, B.L.; Fischer, E.S.
Thalidomide promotes degradation of SALL4, a transcription factor implicated in Duane Radial
Ray syndrome. eLife 2018, 7, doi:10.7554/eLife.38430.

26. Maneiro, M.; De Vita, E.; Conole, D.; Kounde, C.; Zhang, Q.; Tate, E.J.P.i.m.c. PROTACs,
molecular glues and bifunctionals from bench to bedside: Unlocking the clinical potential of
catalytic drugs. 2021, 60, 67-190.

Retrieved from https://encyclopedia.pub/entry/history/show/66391

https://encyclopedia.pub/entry/27235 8/8



