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AIP: A double agent? The tissue-specific role of AIP as a tumour
suppressor or as an oncogene
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Aryl hydrocarbon receptor-interacting protein (AIP) is a co-chaperone to heat shock proteins and nuclear receptors. Loss-of-function
heterozygote germline mutations lead to predisposition to growth hormone- or prolactin-secreting pituitary typically presenting in
childhood. Based on these data AIP behaves as a tumour suppressor. However, previously in diffuse large B cell lymphoma and now
in this new manuscript in the British Journal of Cancer on colorectal cancer, it seems that high expression of AIP is associated with
tumour development and more aggressive disease. AIP, therefore, joins a distinguished group of proteins that can behave both as a
tumour suppressor and as an oncogene.

British Journal of Cancer (2022) 127:1175–1176; https://doi.org/
10.1038/s41416-022-01964-7

Aryl hydrocarbon receptor-interacting protein (AIP) is a relatively
little-known co-chaperone of HSP90 and HSC70 that, to date, is
best known as a tumour suppressor within the pituitary.
Heterozygous loss-of-function mutations in AIP can lead to the
development childhood-onset pituitary adenomas (pituitary neu-
roendocrine tumours), usually secreting excessive amounts of
growth hormone and resulting in gigantism [1]. AIP is evolutio-
narily highly conserved [2] and biallelic loss in animal models
leads to embryonic lethality. These data suggest that it has a key
role in normal cell function, but currently little is known what the
potentially numerous functions of AIP are.
Recently, Solís-Fernández et al. have reported that increased

expression of AIP is associated with promoting colorectal cancer
and liver metastasis [3]. Examining The Cancer Genome Atlas
(TCGA) data, they found that high AIP expression was linked to
decreased survival and increased risk of relapse. To explore this
observation in more detail, the authors conducted in vitro
experiments over-expressing AIP in colon epithelial cells, and
found that increased AIP expression resulted in increased
migration and was associated with an epithelial-to-mesenchymal
transition, a characteristic of metastatic cancer cells. The authors
also used an in vivo model of metastatic colorectal cancer by
injecting tumour cells over-expressing AIP into the spleen of
recipient mice, and found that cells over-expressing AIP had
metastasised to the liver and this was associated with decreased
survival, thereby recapitulating the findings in humans that
increased AIP expression leads to an increased risk of colorectal
cancer metastasis and decreased survival.
Although AIP behaves as a tumour suppressor in the pituitary,

the publication by Solís-Fernández et al. is not the first time that
AIP has been found to be a tumour promoter. Increased
expression of AIP was found to be highly expressed in diffuse
large B cell lymphoma (DLBCL), and was associated with increased
survival of DLBCL cells and decreased survival of patients with this
aggressive, difficult-to-treat lymphoma [4]. More recently, high AIP

expression was found to be a prognostic marker for cholangio-
carcinoma [5].
The tumour suppressor role of AIP in the pituitary is supported by

the loss-of-function germline mutations and loss-of-heterozygosity
in the tumour tissue. Several tumorigenic mechanisms have been
suggested, including stimulation of the tumour suppressor ZAC [6]
or the inhibitory G protein Gαi2 [7]. More recently, an exciting
mechanism has been put forward which explains not just the
tumorigenic effect of AIP deficiency but also the tissue-specific
nature of the tumorigenesis [8]: AIP supports the dependence
receptor function of RET. AIP is part of a complex with monomeric-
intracellular-RET, caspase-3 and PKCδ resulting in a balanced PIT1/
CDKN2A-ARF/p53-pathway-induced apoptosis. The specificity is
provided by the co-expression of RET and PIT1 in the same cell,
only present in somatotroph and some lactotroph cells.
For the oncogenic effects, protein over-expression rather than

activating mutations were found to be present, and this is also
seen in the TCGA data. However, the precise molecular mechan-
isms by which excess AIP promotes tumour survival remain
unclear. In DLBLC, AIP protected BCL6, a key molecule in B cell
survival, from ubiquitin-mediated proteasomal degradation by the
E3-ubiquitin ligase FBXO11 by binding to the deubiquitinase
UCHL1; this helps to maintain the expression of BCL6 by
supporting deubiquitination of BCL6. In colorectal cancer, they
found upregulation of cadherin 17 and stimulation of the AKT, SRC
and JNK kinase pathways, but it remains unclear if the increased
expression of these molecules is via transcriptional or post-
transcriptional mechanisms.
AIP has joined a distinguished group of proteins that can

behave both as a tumour suppressor and as an oncogene [9, 10]
(Fig. 1). Numerous transcription factors, kinases and other proteins
have been found to have a similar dual role. These include TP53,
PTEN, RUNX1, DNMT1, FOXO1, GLI1, HDAC1, NOTCH1, PAX5, TCF3,
MAP3K8, RHOA, PTPN11, and many others [9, 10]. Understanding
the context, location and circumstances as to whether a gene is
oncogenic or tumour suppressive is important not only for
diagnosis and for the potential therapeutic targeting of the gene
in question, but also for understanding the molecular pathobiol-
ogy of the tumour.
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As a co-chaperone to heat shock proteins, and as partner of
various nuclear receptors and diverse group of other proteins
[11, 12], it is now becoming clear that AIP can impact various
molecular pathways [11]. Little is known on AIP regulation [13, 14],
if it is part of any feedback loops or if any counter-regulation
would bring beneficial effects. Further studies are clearly needed
to identify the molecules and signalling pathways supported by
AIP, and to find out if manipulating AIP can unleash novel
therapeutic pathways.
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Fig. 1 AIP as a double agent. AIP can behave both as a tumour
suppressor, as in somatotroph and lactotroph pituitary neuroendo-
crine tumours, or as an oncogene as in diffuse large B cell
lymphomas or colorectal tumours.
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