








PD-1 in mouse prostate cancer

Figure 1. Representative photomicrographs of immunohistochemical staining of /I-17rc wild-type and knockout
mouse prostate tumors. Original magnification, x200. In highlighted frames, original magnification, x400; arrows
indicate the positively stained cells.

Table 1. PD-1, PD-L1, and PD-L2 expression in the prostate
tumors of Pten-null mice with or without /-17rc knockout

Lower

Upper

Protein Group ; edian . Pvalue
quartile quartile

PD-1  [I-17rc wild-type (n=8) 5.1 6.0 6.8 0.043
II-17rc knockout (n=8) 2.0 3.0 5.8

PD-L1  [I-17rc wild-type (n=8) 5.3 6.0 6.8 0.001
II-17rc knockout (n=8) 2.0 3.8 4.0

PD-L2  [I-17rc wild-type (n=8) 6.0 6.0 6.0 0.002
II-17rc knockout (n=8) 1.6 2.8 4.8

Results

The expression levels of PD-1, PD-
L1, and PD-L2 are higher in ll-17rc
wild-type mouse prostates than II-
17rc knockout mouse prostates

II-17rc wild-type and knockout mou-
se prostates developed prostate
tumors due to Pten knockout as pre-
viously described [27]. There were
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Figure 2. Representative photomicrographs of immunohistochemical staining of lean and obese mouse prostate
tumors. Original magnification, x200. In highlighted frames, original magnification, x400; arrows indicate the posi-

tively stained cells.

Table 2. PD-1, PD-L1, and PD-L2 expression in the
prostate tumors of Pten-null mice with or without
high-fat diet-induced obesity

Lowe_zr Median Upper
quartile

 Pvalue
quartile

Protein Group

PD-1  Obese (n=8) 5.0 5.0 6.6 0.011
Lean (n=9) 2.0 4.0 5.0

PD-L1 Obese (n=8) 5.8 6.0 6.9 0.002
Lean (n=9) 1.0 3.0 4.5

PD-L2 Obese (n=8) 6.0 6.5 7.0 0.002
Lean (n=9) 1.0 2.0 4.8

more inflammatory cells infiltrating the pros-
tatic stroma in II-17rc wild-type mouse pros-
tates than /I-17rc knockout mouse prostates
[27]. We found that PD-1 was expressed
mainly in the infiltrating inflammatory cells,
rather than in the neoplastic epithelial cells
(Figure 1). There were significantly more
PD-1-positive cells in lI-17rc wild-type mouse
prostates than II-17rc knockout mouse pros-
tates (Table 1). On the other hand, PD-L1
and PD-L2 were expressed mainly in the
neoplastic epithelial cells, rather than in the
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infiltrating inflammatory cells (Figure 1). There
were significantly more PD-L1-positive and
PD-L2-positive cells in I-17rc wild-type mouse
prostates than [I-17rc knockout mouse pros-
tates (Table 1).

The expression levels of PD-1, PD-L1, and PD-
L2 are higher in obese mouse prostates than
lean mouse prostates

II-17rc wild-type and Pten-null mice were fed
with high-fat diet to 30 weeks of age and
became obviously obese. The body weight of
the obese mice was approximately 52% more
than the mice fed with regular diet (named as
lean mice), and invasive (or microinvasive) pros-
tate adenocarcinomas were significantly more
in obese mice (42% of the prostatic glands)
than lean mice (23% of the prostatic glands)
(Sen Liu, Qiuyang Zhang, and Zongbing You,
unpublished data). Again, we found that PD-1
was expressed mainly in the infiltrating inflam-
matory cells, rather than in the neoplastic epi-
thelial cells (Figure 2). There were significantly
more PD-1-positive cells in obese mouse pros-
tates than lean mouse prostates (Table 2). In
contrast, PD-L1 and PD-L2 were expressed
mainly in the neoplastic epithelial cells, rather
than in the infiltrating inflammatory cells (Figure
2). There were significantly more PD-L1-positive
and PD-L2-positive cells in obese mouse pros-
tates than lean mouse prostates (Table 2).

Discussion

Only two CRPC cases were included in the
Phase | trial, in which both cases were negative
for PD-L1 and did not respond to anti-PD-1
treatment [30]. Ongoing clinical trials are using
anti-PD-1 antibody or a combination of anti-
PD-1 antibody and other therapies to treat
CRPC [31, 32]. Only a few studies have been
published regarding PD-1/PD-L1/2 axis in
human prostate cancer [25, 26]. At least a 15%
positive rate was reported in human primary
prostate cancer [25]. It is possible that some
non-responders to certain therapies may pres-
ent with increased PD-L1 expression [26].
Therefore, it is worth investigating PD-1/
PD-L1/2 axis in prostate cancer.

In the present study, we found that the expres-
sion levels of PD-1, PD-L1, and PD-L2 are high-
er in l-17rc wild-type mouse prostates than
II-17rc knockout mouse prostates. We have pre-

viously reported that II-17rc wild-type mice
developed more invasive prostate adenocarci-
nomas than /I-17rc knockout mice in Pten-null
background [27]. This suggests that increased
PD-1/PD-L1/2 expression may enhance immu-
nosuppression in the tumor microenvironment,
thus promoting prostate cancer formation.
Similarly, we found that the expression levels of
PD-1, PD-L1, and PD-L2 are higher in obese
mouse prostates than lean mouse prostates,
which coincidentally matches the increased
prostate cancer formation in obese mice com-
pared to lean mice. Taken together, these
results suggest that expression of PD-1, PD-L1,
and PD-L2 may enhance development of
mouse prostate cancer through creating an
immunosuppressive tumor microenvironment.
A previous study proposed a notion that loss
of Pten is potentially associated with PD-L1
expression [33]. However, a recent study pro-
vided evidence to nullify that notion; rather, it
proposed that acute inflammation driven by
androgen ablation may increase PD-L1 expres-
sion [25]. Characterization of PD-1/PD-L1/2
expression in this Pten-null mouse model of
prostate cancer may provide a rationale to use
this mouse model in future studies of PD-1/
PD-L1/2 in cancer immunology and immuno-
therapy.
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