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Schlafens (SLFN) are a family of genes widely expressed in mammals, including humans and rodents. These
intriguing proteins play different roles in regulating cell proliferation, cell differentiation, immune cell growth and
maturation, and inhibiting viral replication. The emerging evidence is implicating Schlafens in cancer biology and
chemosensitivity. Although Schlafens share common domains and a high degree of homology, different Schlafens

act differently. In particular, they show specific and occasionally opposing effects in some cancer types.
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| 1. Introduction

The Schlafens (SLFN) are a novel and poorly understood family of proteins that have chiefly been investigated for
their potential roles in non-malignant cell differentiation, cell proliferation, and the immune response. However,
these proteins are now increasingly believed to be important in cancer. This review will briefly summarize basic

Schlafen protein biology and then outline current knowledge about the role of Schlafen proteins in cancer.

Schlafens were first discovered in mice in 1998 by Schwarz et al. 11, describing the murine proteins Slfn1, SIfn2,
Slfin3, and Slfn4. These proteins have subsequently been shown to be expressed in a wide range of vertebrates,
including humans . Mouse Slfn1 was the first discovered Schlafen and was reported to induce thymocyte cell
cycle arrest (put the cell to sleep), thereby giving rise to the name of this class of proteins from the German word
“Schlafen”, which means “sleep” . Later, in 2000, Slfn2 was connected to Dickkopf-1 protein (DKK1) lethality in
mice Bl In 2004, Geserick et al. [4 identified and characterized another subgroup of Schlafens in mice
characterized by a C-terminal sequence motif homologous to the superfamily | of DNA/RNA helicases and were
identified as SIfn5, SIfn8, SIfn9, SIN10, and Slfn14. In 2009, genomic and phylogenetic studies conducted by
Bustos et al. B showed that Schlafens are widely expressed in mammals and identified the Schlafen genes in

humans and other mammals.

Mice express ten Schlafens. These are Sifn1, Sifn1L, Slfn2, Slin3, Slfn4, Slfn5, SIfn8, SIfn9, SIfn10 pseudogene,
and Slfn14. In comparison, humans express six Schlafens. These are SLFN5, SLFN11, SLFN12, SLFN12L,
SLFN13, and SLFN14 28l Schlafen genes are located on chromosome 17 in humans, while in mice they localize

to chromosome 11 28 (Figure 1).
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Figure 1. Diagrammatic representation of Schlafens family in mice and humans. Schlafens are classified into three

families: short (grey), intermediate (orange), and long (green). Humans do not express short family Schlafens. All
Schlafens share the SLFN box and putative AAA domains, while the SWADL domain is found in only intermediate
and long Schlafens. Long Schlafens have an extra C-terminal helicase domain that harbors a nuclear targeting

sequence.

SLFN5/SIfn5 and SLFN14/Slfn14 are the only direct orthologs between humans and mice. However, SIfn3 and
Slin4 share significant homology with SLFN12 and SLFN12L and have therefore also been identified as their
orthologs @. Phylogenic analysis suggests SIfn8, SIfn9, and Sifn10 are orthologs to SLFN13, but there is no
evidence or functional study that confirms a mouse ortholog of SLFN11.

Schlafens are expressed in diverse mammals, as well as in frogs and elephant fish. However, most research has
focused on the role and function of Schlafens in mice, humans, and some viruses that express a viral ortholog of
Schlafen identified as v-slfn. Schlafens were initially demonstrated to be differentially expressed in lymphoid tissue
and thus believed to play a role in the maturation and activation of thymocytes [, However, further exploration has
extended our understanding of Schlafen function to include roles in cell proliferation B2l cell differentiation L1
viral replication 12131 cancer biology L4367 and sensitizing cancer cells to chemotherapy [L81191[201[21](22]{23]

| 2. Schlafens in Cancer

Although Schlafens were initially identified as proteins that influence immune cell maturation, differentiation, and
responses to viral infections, recent studies have illuminated diverse potential roles for Schlafen proteins in cancer
biology and malignant cell sensitivity to chemotherapy (Figure 2). The role of Schlafens in cancer has been chiefly
investigated experimentally in mice and human cells and epidemiologically in humans. This review will address the
effect of Schlafens in cancer in three sections. First, we will describe the role of Schlafens in the biology of different

malignancies and their impact on survival, which has been chiefly investigated in humans. We will summarize the
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role of Schlafens in gastric cancer, malignant melanoma, lung cancer, breast cancer, gastric cancer, liver cancer,
renal cancer, colorectal carcinoma, prostate cancer, central nervous system tumors, and hematological
malignancies (Table 1). Second, we will summarize the role of Schlafens in the interferon immune response in

cancer. Finally, we will summarize the role of Schlafens in cancer chemosensitivity to cytotoxic drugs.

Immuna
Sensitization

' Differantiation

'Tumnr growth
in vivo

' Apoptosis

lprﬂlif&l’ﬂtiﬂﬂ

l‘ Translation ,

'_ Stem calls i
Transcription

Figure 2. Diagram illustrates the identified effects of different Schlafens on cancer cell biology. The reduced cell
proliferation, differentiation, invasion, and stem cells, in addition to the increased differentiation, immune

sensitization, and chemosensitivity, all contribute to improved survival.

Table 1. Summary of the roles of human Schlafens in different cancer types. Each Schlafen expression level and
the correlation with survival were identified. The non-cited data are derived from our analysis of publicly available
tools (https://www.proteinatlas.org, accessed on 10 July 2021) and (https://kmplot.com/analysis/, accessed on 10
July 2021).

Cancer Schlafen Expression Level Survival Correlation
SLFN5 Downregulated 241, Positive [24],
Malignant SLFN11 No significant change. Negative.
Melanoma N .
SLFN12 No significant change. Negative.
SLFN14 No significant change. Positive.
Renal Carcinoma  SLFN5 Downregulated. Positive (25,
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Cancer Schlafen Expression Level Survival Correlation
SLFN11 Downregulated [26, Positive 28],
SLFN12 Downregulated. Negative.
SLFN14 Downregulated. Negative.
SLFN5 Upregulated [18], Negative (18],
. SLFN11 Downregulated 27, Positive 27,
Gastric
Carcinoma
SLFN12 Upregulated. Not prognostic.
SLFN14 Downregulated. Not prognostic.
SLFN5 No significant change. Negative.
SLFN11 Downregulated [221(26], Positive 22,
Colorectal
Carcinoma
SLFN12 Downregulated. Positive.
SLFN14 Downregulated. Not prognostic.
SLFN5 Downregulated [261(28], Positive 28],
SLFN11 Downregulated [22], Positive 22,
Lung Carcinoma
SLFN12 Downregulated (23], Positive [13],
SLFN14 Downregulated. Positive in lung adenocarcinoma.
SLFN5 Upregulated (29, Negative 29,
SLENLL Upregulated in metastatic No correlation to O.S., but positive
Prostate prostate cancer 31, correlation to rPFS 311,
Carcinoma
SLFN12 Downregulated. Not prognostic.
SLFN14 Downregulated. Not prognostic.
SLFN5 Downregulated 321, Positive 32,
SLFN11 Downregulated 38, Positive 3],
Liver Cancer
SLFN12 Not Significant. Negative.
SLFN14 Downregulated. Not prognostic.
Esophageal SLFN5 Upregulated. No data available.
Cancer
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Cancer Schlafen Expression Level Survival Correlation
SLFN11 Downregulated with age 341, Positive 34,
SLFN12 Upregulated No data available.
SLFN14 No significant change. No data available.
SLFN5 Downregulated 351281, Positive [321136],
Positive/negative after hormone therapy
SLFN11 Downregulated. 117]

Breast Cancer

Positive in triple negative breast cancer

SLFN12 Downregulated 141, (4]
SLFN14 Downregulated. Positive.
SLFN5 Upregulated 7. Negative 71,
SLFN11 Upregulated 7. Negative 71,
CNS Tumors
SLFN12 Upregulated 7, Negative 71,
SLFN13 Upregulated 37, Negative B,
SLFN5 No significant change. No data available.
SLFN11 Upregulated. No data available.
Leukemia
SLFN12 Upregulated. No data available. ory
SLFN14 Upregulated. No data available.
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