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LETTER TO THE EDITOR
High expression of GPR160 in prostate cancer
is unrelated to CARTp-mediated signaling
pathways
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apoptosis, cell cycle arrest as well as tumor growth2. Examin
claim of GPR160 deorphanization was mainly based on the
correlation between GPR160 and CARTp demonstrated by ERK
To the Editor:

G protein-coupled receptors (GPCRs) are the largest group of
membrane proteins with over 800 members, characteristic of a
seven transmembrane domain1. By playing crucial roles in
regulation of various physiological processes, GPCRs have been
implicated in many diseases including diabetes, obesity,
depression and cancer. To initiate different intracellular re-
sponses, GPCRs mainly interact with three families of effector
proteins upon agonist binding: the heterotrimeric G proteins, G
protein-coupled receptor kinases (GRKs) and arrestins1. As for
G proteins, there exist four Ga families (Gs, Gi/o, Gq/11 and
G12/13) and each of them leads to the generation or depletion of
different second messengers1. For example, activation of Gs

heterotrimer results in the accumulation of cAMP, while that of
Gi causes a decrease in cAMP production1. Likewise, Gq/11

activation elevates inositol triphosphate (IP3) and diacylglycerol
(DAG) levels, leading to protein kinase C (PKC) and Ca2þ

signaling1. GRKs phosphorylate the activated receptors, and
arrestins subsequently bind to phosphorylated receptors and
trigger receptor desensitization1.

GPR160 (also annotated as GPCR1 or GPCR150) is a member
of class A GPCR family with a length of 338 amino acids. Our
previous studies showed that GPR160 mRNA was overexpressed
in prostate cancer tissue, and knockdown of the receptor induced
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of fresh tissue samples from over two hundred patients suggested
that GPR160 is a potential biomarker for prostate cancer3. In
2020, Yosten et al.4 identified cocaine- and amphetamine-
regulated transcript peptide (CARTp) as an endogenous ligand
of GPR160 in mice as it participated in neuropathic pain. Their

phosphorylation and coimmunoprecipitation. However, a recent
study disputed the claim because no specific binding of radio-
labeled CARTp (125I-CARTp) was observed in human cancer cell
lines either endogenously expressing or artificially transfected
with GPR1605. This discrepancy led us to explore the relationship
between GPR160 and CARTp in terms of clinical significance and
signal transduction. Our data indicate that CARTp does not induce
GPR160 signaling in human cells and is thus unlikely involved in
prostate cancer development.

First, we examined the presence of CARTp and GPR160 in
human prostate tissue samples by immunohistochemistry (IHC).
As shown in Fig. 1A, CARTp was expressed in both cancerous
and adjacent normal tissues along with GPR160. But the level of
GPR160 was significantly higher in cancerous tissues according to
the assessment of 41 tumor and 39 tumor adjacent tissues from
patients (P < 0.0001, Fig. 1B), consistent with our previous
findings (representative images of GPR160 expression in prostate
tissues are exhibited in Supporting Information Fig. S1)3. Further
analysis of these samples demonstrated that the expression of
CARTp in cancerous vs. adjacent normal tissues was not statisti-
cally different (P Z 0.9314, Fig. 1C). This observation was also
made in a larger sample size involving 142 patients with both
tumor and tumor adjacent tissues (P Z 0.8720, Fig. 1D). The
results suggest that the expression pattern of CARTp in human
prostate tissues is distinct from that of GPR160.
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We then chose three cancer cell lines that endogenously ex-
press GPR160 to examine the CARTp expression and its signaling
property. It was shown that CARTp was expressed in both human
prostate carcinoma epithelial cells (22Rv1) and gastric carcinoma
cells (KATO III), but not differentiated rat pheochromocytoma
cells (PC12) (Fig. 1E). Since specific CARTp binding was re-
ported in PC12 cells5 and the peptide could increase ERK1/2
phosphorylation (pERK1/2) levels in this cell line4, we
measured the effects of CART(42e89) (one of the active forms of
CARTp) on pERK1/2 (Fig. 1F) which confirmed the previous
results4. Increased pERK1/2 was consistently observed regardless
of the CARTp source (GL Biochem vs. Phoenix Pharmaceuticals,
Supporting Information Fig. S2A). However, CART(42e89) did not
elicit similar responses in 22Rv1 and KATO III cells measured by
the AlphanScreen SureFire pERK1/2 assay kit, and the results
were confirmed by western blotting of pERK1/2 (Supporting
Information Fig. S2B and S2C). This observation aroused us to
investigate the canonical signaling pathways of GPR160.

Earlier studies revealed that CARTp signaling involves Gi/o

and Gs protein coupling6,7. We next examined if CART(42e89)

could influence cAMP in 22Rv1 cells and the results showed that
CART(42e89) at concentrations ranging from 100 nmol/L to
100 mmol/L did not affect cAMP levels induced by forskolin
(Fig. 2A). Commercial CARTp (Phoenix Pharmaceuticals) was
also used in this assay and the response in 22Rv1 cells was in
agreement with that synthesized by GL Biochem (Supporting
Information Fig. S3). We also performed this experiment in
Figure 1 Expression of CARTp in human prostate tissues and signal

CARTp expression in human prostate cancerous (prostatic acinar adeno

chemistry (IHC), scale bars, 50 mm. Black arrows in the figures indicate sta

tumor adjacent tissues from patients were used for IHC analysis of GPR1

significance. (D) Samples of 142 patients with both tumor and adjacen

expression, with unpaired t test. NS, no significance. Data (means � SE

and GPR160 in three cancer cell lines (differentiated PC12 cells, 22Rv

Activation of the ERK1/2 phosphorylation (pERK1/2) induced by 10

means � SEM of at least three independent experiments, normalized wi

entiated PC12 cells. Statistical analysis was performed by one-way ANOV
CHO-K1 cells stably transfected with GPR160 and obtained the
same conclusion (Fig. 2B), i.e., CARTp failed to activate GPR160
through Gs or Gi/o pathways.

To directly measure GPR160-mediated G protein signaling, we
used a NanoBiT-based G protein dissociation assay8. In this system,
a large fragment (LgBiT)-fused Ga subunit and a small fragment
(SmBiT)-fused Gg2 subunit, along with an unmodified Gb1 sub-
unit, were co-expressed in CHO-K1 cells together with the receptor.
The efficiency of GPR160 transfection into CHO-K1 cells was
determined by immunofluorescence assay (Fig. 2C and D). GPR160
mRNA expression in the same cells was confirmed by RT-qPCR
(Fig. 2E). This NanoBiT method was validated using another
class A GPCR, cholecystokinin A receptor (CCKAR) (Supporting
Information Fig. S4). As shown in Fig. 2F, GPR160 did not elicit
meaningful responses among 12 major G protein subtypes upon
stimulation of CART(42e89) compared with the control.

Independent of G protein coupling, b-arrestins are involved in
GPCRs desensitization and internalization1 and function as scaffold
proteins that connect GPCRs to intracellular signaling pathway such
as MAPK cascades. Previous studies have suggested that some
GPCRs lack functional G protein coupling but exhibit agonist-
induced b-arrestins recruitment9. Therefore, we applied a
luminescence-based b-arrestin recruitment assay with no fusion tag
attached to the C terminus of the receptor to avoid transforming
interaction of the receptor with GRKs, arrestins or other proteins10.
In this system, the N-terminal NanoLuc fragment is anchored to the
membrane (MeN) and the C-terminal NanoLuc fragment (ArC) is
transduction induced by CARTp in cancer cell lines. (A) Images of

carcinoma) and adjacent normal tissues detected by immunohisto-

ined CARTp. (B, C) 41 samples containing tumor and 39 samples with

60 (B) and CARTp (C), with unpaired t test. ***P < 0.0001. NS, no

t tissues were used for immunohistochemistry analysis of CARTp

M) represent three independent reading. (E) Expression of CARTp

1 cells and KATO III cells). D-PC12, differentiated PC12 cells. (F)

0 mmol/L CARTp in the three cancer cell lines. Data shown are

th respect to baseline signal (i.e., vehicle treatment). D-PC12, differ-

A followed by Dunnett’s multiple comparison test. **P < 0.01.



Figure 2 Signaling profiles of GPR160 induced by CARTp. (A, B) CARTp-induced cAMP signaling in 22Rv1 cells and CHO-K1 cells

transfected with human GPR160. Data shown are means � SEM of three independent experiments. (CeE) Efficiency of GPR160 transfected into

CHO-K1 cells using the plasmid (pCMV6-GPR160-Flag) was confirmed by immunofluorescence staining in protein level (green Z GPR160-

Flag, blue Z nuclear staining) (C, D) and RT-qPCR (E) in mRNA level. The scale corresponds to 50 mm. Data shown are means � SEM of

three independent experiments. Statistical analysis was performed by paired t test. **P < 0.01, ***P < 0.0001. (F) Functional analysis of the G

protein couplings of GPR160 induced by CARTp. CARTp-induced dissociations of 12 heterotrimeric G proteins were measured using NanoBiT

assay. Concentration-response curves were expressed as area-under-the-curve (AUC) across the timeecourse response curve (0e15 min) for each

concentration. Data shown are means � SEM of three independent experiments. (G, H) CARTp-induced b-arrestin1/2 recruitment.

Concentrationeresponse curves were expressed as AUC across the timeecourse response curve (0e15 min) for each concentration. Data shown

are means � SEM of three independent experiments.
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fused to b-arrestin1/2. Likewise, the N-terminal NanoLuc fragment
attached to the FYVE domain of endofin (EeN) instead of MeN is
used to measure b-arrestin1/2 recruitment of internalized receptors
in endosomes. In this case, bradykinin type 2 receptor (B2R) was
used as a positive control (Supporting Information Fig. S5). Both
MeNArC and EeNArC assays showed no response of GPR160 after
the addition of different concentrations of CART(42e89), implying
that CART(42e89) was unable to stimulate GPR160 to recruit
b-arrestin1/2 (Fig. 2G and H).

As mentioned above, the discovery of Yosten et al.4 pro-
voked us to explore signaling pathways of GPR160 in the
context of prostate cancer development. Rather than confirming
their claim in the murine system, our data are in agreement with
another study conducted in human cells5. It appears that CARTp
is not an endogenous ligand of GPR160 in the human. It is
possible that CARTp might not stimulate GPR160 via classical
signaling pathways of GPCRs due to receptor species difference.
The human CART(42e89) used in this study is highly similar to
the rat CART(55e102)

11. CART peptides are evolutionarily
conserved in species with high homology between human and
rat sequences (95%), while the rodent GPR160 shares only
about 65% identity with that of human. Another possibility is
that CARTp regulates GPR160 signaling via accessory proteins
like the involvement of the melanocortin receptor accessory
protein 1 (MRAP1) in the regulation of melanocortin receptor 2
(MC2R)12. Additionally, one CARTp segment [residues 9e28 in
CART(42e89)] has been identified as an agonist of GPR68
through activating Gq/11 (calcium mobilization) and Gs (cAMP
signaling)13, indicating that CARTp is a possible endogenous
ligand of GPR68. Clearly, our work suggests that CARTp is not
directly involved in GPR160-related prostate cancer develop-
ment and the mechanism of which requires further investigations
from non-endocrine perspectives, such as effects on the cancer
cell mobility3.
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