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The UDP/P2y6 axis promotes lung metastasis of melanoma by
remodeling the premetastatic niche
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Tumor metastasis is the major cause of death in cancer patients, in
which tumor cells progressively migrate from a primary site to
distant organs. Although there are multiple steps in the tumor
metastatic process, growing evidence indicates that one vital step
in metastasis is paracrine alteration of distant tissues by the
primary tumor, allowing metastatic colonization of an area
hospitable to the cancer cells, termed the premetastatic niche,’
which is consistent with the “seed and soil” hypothesis. In this
case, prometastatic tumor cells (“seeds”) colonize the metastatic
tissue (“congenial soil”) in which the microenvironment has been
altered by diverse signaling molecules to modulate cellular
components, especially bone marrow-derived immune cells.>™* It
is well known that the nucleotide signaling network plays an
important role in inflammation and the tumor microenvironment
by regulating various immune cells.>® Extracellular nucleosides
(adenosine) and nucleotides (ATP, ADP, UTP, UDP, and sugar UDP)
function as signaling molecules by activating nucleotide receptors,
including P1 receptors and P2 receptors. The purinergic P2
receptors are divided into ionotropic P2X receptors and metabo-
tropic P2Y receptors, which are members of the G-protein-coupled
receptor family.” Our previous study showed that chemotherapy-
induced extracellular UDP release can activate the P2y6 receptor
on breast tumor cells to facilitate breast cancer metastasis.?
However, the role and mechanism of UDP/P2y6 signaling in the
premetastatic immune microenvironment during the tumor
metastatic process is poorly understood.

Here, we examined the function of the UDP/P2y6 axis in the
tumor metastatic microenvironment via lung metastasis of
the B16F10 melanoma tumor cell model in mice. To better mimic
the process of tumor metastasis in clinical practice, we established
a spontaneous model® by orthotopic transplantation of B16F10
cells in wild-type (WT) mice and P2y6-knockout (P2y6KO) mice by
removing primary tumors at volumes of 400-500 mm? (Fig. 1a). To
our surprise, the number of metastatic lung tumor nodules in
P2y6KO mice was significantly reduced compared to that in WT
mice (Fig. 1b), and P2y6 deficiency markedly prolonged the
survival of mice (Fig. 1¢). Furthermore, we generated an
experimental metastasis model via tail vein injection of B16F10
cells to confirm P2y6-mediated lung metastasis, and we
found that P2y6 deficiency dramatically decreased tumor metas-
tasis in the lungs (Fig. 1d) and extended the survival of mice
(Fig. 1e), in agreement with the results in the spontaneous model.
In addition, to determine whether P2y6 affects tumor growth, we

subcutaneously injected WT mice and P2y6KO mice with B16F10
cells, and the results showed that P2y6 deficiency had no
significant influence on tumor growth (Fig. 1f). These findings
indicate that the UDP/P2y6 axis contributes to tumor metastasis
rather than tumor growth.

Next, to further determine whether the reduction in tumor
metastasis by P2y6 deficiency is dependent on hematopoietic
cells, a bone marrow transplantation experiment was carried out.
We analyzed metastatic lung tumor nodules and found that P2y6
contributed to melanoma B16F10 metastasis by prominently
regulating hematopoietic cells (Fig. 1g). Therefore, to investigate
the potential role of immune cells in metastasis, we analyzed
tumor-initiating immune cell propagation in the premetastatic
niche in the lungs of B16F10 tumor-bearing mice. When the
volumes of subcutaneous B16F10 tumors reached 400-500 mm?,
we analyzed the lung bronchoalveolar lavage fluid and tissues of
mice, and flow cytometry revealed that the infiltration of
neutrophils was significantly reduced in P2y6KO mice compared
with  WT mice, while the infiltration of other immune cells,
including macrophages, natural killer cells, dendritic cells and
T cells, was only slightly changed (Fig. 1h, i). Moreover, both
immunohistochemistry anti-MPO (myeloperoxidase) staining and
immunofluorescence anti-Ly6G staining showed that P2y6 loss
strikingly decreased neutrophil infiltration in the lungs (Fig. 1j),
which altered the premetastatic niche. This finding provides
strong evidence for the role of neutrophils in promoting tumor
metastasis.'°

Finally, to comprehensively assess whether P2y6 inhibition
could alleviate tumor metastasis, we treated mice that were tail
vein-injected with B16F10 melanoma tumor cells with the P2y6
agonist UDP or/and the P2y6 inhibitor MRS2578. Interestingly,
UDP promoted the lung metastasis of B16F10 cells, and this
phenomenon could be significantly inhibited by the P2y6 inhibitor
MRS2578 in WT mice but not in P2y6KO mice (Fig. 1k), suggesting
that UDP/P2y6 signaling was responsible for the lung metastasis
of melanoma. Collectively, we found that blocking the UDP/P2y6
axis prevented tumor metastasis by remodeling the premetastatic
niche mainly by reducing the recruitment of neutrophils. Although
the function and mechanism of UDP/P2y6-regulated neutrophils
in tumor metastasis need to be further studied, we are firmly
convinced that this finding will provide important information for
future studies on the role of P2y6, which may be a potential target
for preventing tumor metastasis.
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Fig. 1 UDP/P2y6-mediated neutrophil propagation in the premetastatic niche promotes lung metastasis of melanoma. a Schematic of the

spontaneous metastasis mouse model. b Representative lung images and quantified metastatic foci after B16/F10 tumor inoculation (n = 4-5).
c Survival of WT or P2y6KO mice after B16/F10 tumor inoculation in the spontaneous metastasis mouse model. d Representative lung images
and quantified metastatic foci after B16/F10 cell injection via the tail vein (n = 7). e Survival of WT or P2y6KO mice after tail vein B16/F10 cell
injection. f Tumor volumes of WT or P2y6KO mice inoculated with B16/F10 tumor cells (n = 10). g Quantified lung metastatic foci of mice that
received B16/F10 cell tail vein injection after bone marrow transplantation (n = 4-5). h Flow cytometry detected neutrophil and macrophage
proportions in BALF after B16/F10 cell inoculation (n = 4-5). i Flow cytometry detected different immune cell (natural killer cell, dendritic cell
and T cell) proportions in lung tissues after B16/F10 cell inoculation (n = 3). j Representative images of anti-MPO immunohistochemistry
staining and anti-Ly6G immunofluorescence staining in premetastatic lung sections in WT or P2y6KO mice after B16/F10 cell inoculation.
k Image (right) and quantified lung metastatic foci (left) of B16/F10 cell tail vein injection after UDP (P2y6 agonist) or/and MRS2578
antagonistic treatment (n = 4-5). Data are shown as the mean = SEM. P < 0.05 was considered significant (*P < 0.05, **P < 0.01, ***P < 0.001,
***¥%p < 0.0001, and ns (not significant))
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