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Immune checkpoint blockade in 
cancer relies on efficient tumour 
antigen presentation to activate 
antitumour immunity. Chew, 
Campbell et al. show that the 
early embryonic transcription 
factor double homeobox protein 4 
(DUX4) is reexpressed in a range of 
cancers, and is involved in immune 
suppression by reducing MHC class I 
protein expression.

The researchers screened for 
cancerspecific genes by comparing 
the transcriptomes of 9,759 cancer 
samples from 33 different cancers to 
the transcriptomes of 34 peritumoural 
normal tissues or somatic tissues of 
healthy individuals. Ranking of the 
most cancerspecific genes showed 
that cancer–testis antigens (CTAs) 
were among the top ranked genes, 
and transcriptional regulation was the 
most enriched biological pathway in 
a gene ontologybased comparison 
of the highest scoring genes 
preferentially expressed in cancer. 
Of three genes with the strongest 
pancancer expression profiles, 
DUX4 was chosen for further analysis 
because of its reported implications in 
immunogenicity.

For activation of target genes, 
many of which encode CTAs, 
DUX4 requires the aminoterminal 
and carboxyterminal domains. 
The researchers confirmed the 
expression of full length DUX4 mRNA 
in solid cancers at levels comparable 
to its endogenous expression during 
embryogenesis. Expression of 
nonfunctional transcripts of DUX4, 
including shorter splice variants or 

DUX4 fusion proteins (recurrently 
occurring in B cell acute lymphoblastic 
leukaemia and small roundcell 
sarcoma), was excluded. In cancers 
expressing DUX4, expression of 
DUX4 target genes was increased. 
While some differences in target gene 
expression levels in different cancer 
types were noted, increased expression 
of a core embryonic programme 
driven by DUX4 was observed, 
irrespective of cancer type.

Exploring the potential link 
to cancer immunogenicity, the 
researchers found that DUX4
positive cancers had reduced 
expression of immune cellspecific 
genes, reduced estimated infiltration 
of immune cells (based on gene 
expression analysis using the Tumor 
Immune Estimation Resource 
algorithm) and reduced expression 
of the cytolytic markers GZMA and 
PRF1 compared with DUX4negative 
cancers. In addition, expression levels 
of MHC class I genes were reduced 
in DUX4positive cancers. Analysis 
of published RNA sequencing 
(RNAseq) data of cultured myoblasts 
with ectopic expression of DUX4 or 
myoblasts spontaneously expressing 
DUX4 showed that MHC class I gene 
expression negatively correlated with 
DUX4 expression, overall indicating 
that DUX4 cellintrinsically 
suppresses MHC class I genes.

MHC class I expression and 
antigen presentation in malignant 
and nonmalignant cells can be 
induced by infiltrating immune cells 
through secretion of interferonγ 
(IFNγ). In cultured myoblasts with 

doxycycline (dox)inducible DUX4 
expression (MB135iDUX4 cells), 
IFNγ increased MHC class I protein 
expression, which was blocked by 
induction of DUX4. Similarly, a range 
of cancer cell lines, including breast, 
cervical, rhabdoid and testicular 
cancer and melanoma, expressing 
the doxinducible DUX4 construct 
increased MHC class I protein 
expression in response to IFNγ, which 
could be blocked by dox treatment. 
Moreover, induction of DUX4 in 
HeLa cells or MB135iDUX4 cells 
reduced IFNγmediated MHC class I 
expression on the cell surface (which is 
indicative of effective antigen binding 
and presentation). By contrast, dox 
treatment in the absence of the 
doxinducible DUX4 construct did 
not alter the increased MHC class I 
protein expression in response to IFNγ 
or change MHC class I expression on 
the cell surface in nontransformed or 
transformed cell lines.

If DUX4 suppressed antigen 
presentation in tumours, this could 
promote resistance to immune 
checkpoint blockade therapy. To test 
this hypothesis, the authors analysed 
published RNAseq data of biopsy 
samples from patients with metastatic 
melanoma before and after treatment 
with anticytotoxic T lymphocyte 
antigen 4 (CTLA4). DUX4 
transcriptional activity strongly 
correlated with response to anti
CTLA4 therapy — biopsy samples 
from patients with nonresponsive 
disease showed higher levels of 
DUX4 and target gene expression 
than biopsy samples from patients 
with responsive disease. Increased 
DUX4 transcriptional activity 
was also associated with reduced 
progressionfree and overall survival 
after therapy. Similar trends were 
observed in biopsies from patients 
treated with antiprogrammed cell 
death protein 1 ligand 1 (PDL1).

Highlighting a potential pancancer 
role for DUX4 in mediating immune 
evasion, this study provides a basis 
for exploring inhibition of DUX4 
to overcome resistance to immune 
checkpoint blockade.
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