
Figure S1: Metastasis by 22RV1 to the humerus in huNOG and huNOG-EXL mice. A, 
Bioluminescent images taken of huNOG humeri, B, Quantified bioluminescence of huNOG 
humerus metastasis. C, Bioluminescent images taken of huNOG-EXL humeri, D, Quantified 
bioluminescence of huNOG humerus metastasis. 

Figure S2: Metastasis by 22RV1 to the skull in huNOG and huNOG-EXL mice. A, 
Bioluminescent images taken of huNOG skulls, B, Quantified bioluminescence of huNOG skull 
metastasis. C, Bioluminescent images taken of huNOG-EXL skulls, D, Quantified 
bioluminescence of huNOG-EXL skull metastasis. 

Figure S3: Metastasis by 22RV1 to the spleen in huNOG and huNOG-EXL mice. A, 
Bioluminescent images taken of huNOG spleens, B, Quantified bioluminescence of huNOG 
spleen metastasis. C, Bioluminescent images taken of huNOG-EXL spleens, D, Quantified 
bioluminescence of huNOG-EXL spleen metastasis. 

Figure S4: Metastasis by 22RV1 to the lung in huNOG and huNOG-EXL mice. A, 
Bioluminescent images taken of huNOG lungs, B, Quantified bioluminescence of huNOG lung 
metastasis. C, Bioluminescent images taken of huNOG-EXL lungs, D, Quantified 
bioluminescence of huNOG-EXL lung metastasis. 

Figure S5: Metastasis by 22RV1 to the heart in huNOG and huNOG-EXL mice. A, 
Bioluminescent images taken of huNOG hearts, B, Quantified bioluminescence of huNOG heart 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


metastasis. C, Bioluminescent images taken of huNOG-EXL hearts, D, Quantified 
bioluminescence of huNOG-EXL heart metastasis. 

Figure S6: 22Rv1 growth in huNOG-EXL and NOG-EXL mice. A, Subcutaneous “primary” 
flank tumor volume growth measured over time in both huNOG-EXL and NOG-EXL mice. B, 
Subcutaneous “primary” flank tumor volume growth measured over time in both huNOG-EXL 
C, Subcutaneous “primary” flank tumor volume growth measured over time in both NOG-EXL. 

Figure S7: Immune-profile in huNOG-EXL 22Rv1 xenograft spleen. A, Gating strategy used 
to determine presence of human CD45+ cells in the NOG-EXL model spleen. B, Representitave 
data showing the abundance of various immune cell populations; human leukocytes, CD19+ 
cells, CD3+ cells and double negative cells, MDSC and activated myeloid cells and helper t-cells 
(CD4+) and cytotoxic t-cells (CD8+) (top to bottom). C, Quantitated data comparing human 
CD45, CD3, CD4, and CD11b populations in spleens isolated from testosterone implanted 
vehicle, intact vehicle, castrated vehicle, and castrated enzalutamide treated mice. D, Gating 
strategy for determining the activation state of MDSCs (CD3-CD19- CD11b+ CD14-). E, 
Representative data showing the activation state of the MDSC cells harvested from spleens under 
different treatment categories through the presence of the surface markers: CD25, CD44, CD69 
and PD-1. F, Quantitated data showing the activation state of the spleen MDSCs throughout the 
different treatments. 

Figure S8: Immune-profile of t-cells in huNOG-EXL spleen. A, Gating strategy for 
determining the activation state of T-cells and regulatory-like T-cells. B, Representative data 
showing the activation state of the CD3+ cells harvested from spleens under different treatment 
categories through the presence of the surface markers: CD25, CD44, CD69 and PD-1 and 
regulatory-like cells (CD3+CD25+PD-1+).  C, Quantitation showing the expression of CD25, D, 
CD44, E, CD69, F, PD-1, G, regulatory-like T-cells (Tregs). 

Figure S9: Immune-profile of spleen and tumor B-cell Populations and B-cell activation 
NK-Cell population in huNOG-EXL spleen. A, Representative data showing the activation 
state of the CD11b+CD14+ cells harvested from spleens under different treatment categories 
through the presence of the surface markers: CD25, CD44, CD69 and PD-1. B, Quantitation 
showing the expression of CD25, CD44, CD69, PD-1. C, Representative data showing the 
activation state of the CD19+ cells harvested from spleens under different treatment categories 
through the presence of the surface markers: CD25, CD44, CD69 and PD-1. D, Quantitation 
showing the expression of CD25, CD44, CD69, PD-1. E, Percent total CD19+ cells of the total 
CD45+ population of TILs. F, Percent total CD19+ cells of the total CD45+ population of 
splenocytes. G, Percent total NK cells from the spleen (CD3-CD19-CD16+CD56+). 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


A

B

Humerus huNOG

Castrate Implant Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2 Donor 1 Donor 2

Humerus huNOG-EXL

Humanized Humanized Humanized HumanizedNOG NOG NOG

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

102

103

104

105

106

107

108

B
L 

Si
gn

al
  I

nt
en

si
ty

(p
/s

ec
/c

m
²/s

r)

Castrate + Implant
Intact
Castrate
Castrate + Enza

✱

✱ ✱

Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2

NOG NOGHumanized Humanized Humanized

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

101

102

103

104

105

106

107

108

BL
 S

ig
na

l I
nt

en
si

ty
(p

/s
ec

/c
m

²/s
r)

Intact
Castrate
Castrate + Enza

✱✱ ✱✱✱

✱✱

✱

✱

✱✱✱

1.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


A

B

Skull huNOG

Castrate Implant Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2 Donor 1 Donor 2

Skull huNOG-EXL

Humanized Humanized Humanized HumanizedNOG NOG NOG

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

101

102

103

104

105

106

107

B
L 

Si
gn

al
 In

te
ns

ity
(p

/s
ec

/c
m

²/s
r)

Intact
Castrate
Castrate + Enza

✱✱ ✱

✱

Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2

NOG NOGHumanized Humanized Humanized

Human
ize

d D
onor

 1

Human
ize

d D
onor 2

NOG Contro
l

Human
ize

d D
onor

 1

Human
ize

d D
onor

 2

NOG Contr
ol

Human
ize

d D
onor

 1

Human
ize

d D
ono

r 2

NOG Contro
l

Human
ize

d D
onor

 1

Human
ize

d D
onor 2

NOG Contro
l

102

103

104

105

106

107

108

B
L 

Si
gn

al
 In

te
ns

ity
(p

/s
ec

/c
m

²/s
r)

Castrate + Implant
Intact
Castrate
Castrate + Enza

2.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


A

B

Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2

NOG NOG

Spleen huNOG

Spleen huNOG-EXL

Humanized Humanized Humanized

Castrate Implant Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2 Donor 1 Donor 2

Humanized Humanized Humanized HumanizedNOG NOG NOG

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

100
101
102
103
104
105
106
107
108
109

BL
 S

ig
na

l I
nt

en
si

ty
(p

/s
ec

/c
m

²/s
r)

Intact
Castrate
Castrate + Enza

✱✱

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

Human
ize

d Donor 1

Human
ize

d Donor 2

NOG Contro
l

102
103
104
105
106
107
108
109

1010
1011

BL
 S

ig
na

l I
nt

en
si

ty
(p

/s
ec

/c
m

²/s
r)

Castrate + Implant
Intact
Castrate
Castrate + Enza

✱

3.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


A

B

Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2

NOG NOG

Lung huNOG

Lung huNOG-EXL

Humanized Humanized Humanized

Castrate Implant Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2 Donor 1 Donor 2

Humanized Humanized Humanized HumanizedNOG NOG NOG

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

101

102

103

104

105

106

107

B
L 

Si
gn

al
  I

nt
en

si
ty

(p
/s

ec
/c

m
²/s

r)

Intact
Castrate
Castrate + Enza

✱✱

Human
ize

d D
onor

 1

Human
ize

d D
onor

 2

NOG Contro
l

Human
ize

d D
onor

 1

Human
ize

d D
ono

r 2

NOG Contr
ol

Human
ize

d D
onor

 1

Human
ize

d D
ono

r 2

NOG Contro
l

Human
ize

d D
onor

 1

Human
ize

d D
onor 2

NOG Contro
l

102

103

104

105

106

107

108

109

B
L 

Si
gn

al
 In

te
ns

ity
(p

/s
ec

/c
m

²/s
r)

Castrate + Implant
Intact
Castrate
Castrate + Enza

4.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


A

B

Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2

NOG NOG

Heart huNOG

Heart huNOG-EXL

Humanized Humanized Humanized

Castrate Implant Castrate VehicleIntact Vehicle Castrate Enza

Donor 1 Donor 2

NOG

Donor 1 Donor 2 Donor 1 Donor 2 Donor 1 Donor 2

Humanized Humanized Humanized HumanizedNOG NOG NOG

Human
ize

d D
onor

 1

Human
ize

d D
onor

 2

NOG Contro
l

Human
ize

d D
onor

 1

Human
ize

d D
onor

 2

NOG Contro
l

Human
ize

d D
onor

 1

Human
ize

d D
ono

r 2

NOG Contro
l

Human
ize

d D
onor

 1

Human
ize

d D
onor 2

NOG Contro
l

102

103

104

105

106

107

B
L 

Si
gn

al
 In

te
ns

ity
(p

/s
ec

/c
m

²/s
r)

Castrate + Implant
Intact
Castrate
Castrate + Enza

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

Human
ize

d D
onor 1

Human
ize

d D
onor 2

NOG Contro
l

101

102

103

104

105

106

107

B
L 

Si
gn

al
 In

te
ns

ity
(p

/s
ec

/c
m

²/s
r)

Intact
Castrate
Castrate + Enza

✱✱ ✱✱

5.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


0 2 4 6 8 10 12 14 16 18 20 22
0

200

400

600

800

Primary Tumor Volume

Day

Tu
m

or
 V

ol
um

e 
(m

m3 )

Test Donor 1
Test Donor 2
Int Donor 1
Int Donor 2
Cast Donor 1
Cast Donor 2
Enza Donor 1
Enza Donor 2
Test NOG
Int NOG
Cast NOG
Enza NOG

0 2 4 6 8 10 12 14 16 18 20 22
0

200

400

600

800

NOG Primary Tumor Volume

Day

Tu
m

or
 V

ol
um

e 
(m

m3 )

Test Vehicle NOG
Int Vehicle NOG
Castrate NOG
Enza NOG

0 2 4 6 8 10 12 14 16 18 20 22
0

200

400

600

800

huNOG-EXL Primary Tumor Volume

Day

Tu
m

or
 V

ol
um

e 
(m

m3 )

Test Donor 1
Test Donor 2
Int Donor 1
Int Donor 2
Cast Donor 1
CastDonor 2
Enza Donor 1
Enza Donor 2

A

B

C

Figure S6, Kostlan et al. 2023.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


Test Int Cast Enza
0

20

40

60

80

hCD45

%
hC

D4
5+

A

B

D

E

Test Int Cast Enza

Test Int Cast Enza

C

F

Test Int Cast Enza
-20

0

20

40

60

80

100

CD3

%
CD

3+

Test Int Cast Enza
0

25

50

75

100

CD4

%
CD

4+

Test Int Cast Enza
0

10

20

30

40

50

CD11b+CD14+ Cells

%
CD

14
+

Test Int Cast Enza
0

20

40

60

80

CD11b+CD14-CD25+

%
CD

25
+

Test Int Cast Enza
0

20

40

60

80

100

CD11b+CD14-CD44+

%
CD

44
+

Test Int Cast Enza
0

20

40

60

CD11b+CD14-CD69+

%
CD

69
+

Test Int Cast Enza
0

5

10

15

20

25

CD11b+CD14-PD1+

%
PD

-1
+

7

hCD45
32.6

hCD45
21.2

hCD45
44.0

hCD45
40.7

CD3
61.5

CD3
67.0

CD3
58.8

CD3
66.9

CD19
24.8

CD19
20.4

CD19
27.5

CD19
21.1

CD3/19-
2.17

CD3/19-
1.70

CD3/19-
2.09

CD3/19-
2.91

CD14+
39.8

CD14+
37.0

CD14+
18.9

CD14+
28.2

CD14-
47.7

CD14-
46.9

CD14-
64.7

CD14-
65.5

CD4
68.2

CD4
82.8

CD4
69.7

CD4
74.2

CD8
0

CD8
0

CD8
0

CD8
0.05

CD3

CD19

CD3
/19-

CD11b CD14+

CD14-

CD25
CD44 CD69 PD-1

CD25
CD44

CD69
PD-1

NK Cells

CD25
52.6

CD25
65.2

CD25
44.9

CD25
53.2

CD44
47.6

CD44
58.7

CD44
66.8

CD44
56.5

CD69
31.1

CD69
58.7

CD69
66.8

CD69
33.2

PD1
0

PD1
3.23

PD1
4.45

PD1
1.22

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


Test Int Cast Enza
0

5

10

15

20

25

CD3+CD25+

%
C

D
25

+

A C

B

Test Int Cast Enza
0

20

40

60

CD3+CD69+

%
C

D
69

+

Test Int Cast Enza
0

20

40

60

80

100

CD3+PD1+

%
PD

-1
+

Test Int Cast Enza
0

25

50

75

100

CD3+CD44+

%
CD

44
+

Test Int Cast Enza
0

10

20

30

40

CD3+CD25+PD1+

%
CD

25
+P

D-
1+

8

D

E

F

G

CD25
10.9

CD25
15.9

CD25
8.07

CD25
10.8

CD44
90.9

CD44
94.6

CD44
94.0

CD44
90.4

CD69
26.9

CD69
23.8

CD69
26.8

CD69
16.4

PD1
64.6

PD1
51.2

PD1
79.0

PD1
75.2

CD25
PD1
21.1

CD25
PD1
17.3

CD25
PD1
28.1

CD25
PD1
21.8

CD3

CD19

CD3/19-

CD25 CD44
CD69

CD25
PD1

PD1

CD4

CD8

Test Int Cast Enza

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/


A B

C

Test Int Cast Enza

Test Int Cast Enza
0

25

50

75

100

CD11b+CD14+CD44+

%
C

D
44

+

✱

✱

Test Int Cast Enza
-5

0

5

10

15

CD11b+CD14+PD1+

%
PD

-1
+

Test Int Cast Enza
0

20

40

60

80

100

CD11b+CD14+CD25+ Cells

%
C

D
25

+

✱✱

✱✱

Test Int Cast Enza
0

20

40

60

80

CD11b+CD14+CD69+

%
C

D
69

+

Test Int Cast Enza
0

20

40

60

CD19+CD25+

%
C

D
25

+

Test Int Cast Enza
0

25

50

75

100

CD19+CD44+

%
C

D
44

+

Test Int Cast Enza
-20

0

20

40

60

80

100

CD19+CD69+

%
C

D
69

+

Test Int Cast Enza
-5

0

5

10

15

20

CD19+PD1+

%
PD

-1
+

D

C
D

25

CD19

C
D

44

CD19

C
D

69

CD19

PD
-1

CD19

Test Int Cast Enza

Test Int Cast Enza
0

5

10

15

20

25
NK Cells

%
C

D
56

+C
D

16
+

Test Int Cast Enza
0

20

40

60

80

100
CD19

Tes
t Int

Cas
t

Enza
-5

0

5

10

15

20
CD19

%
C

D
19

+

Tumor Spleen

%
C

D
19

+

E F G

9

CD25
27.5

CD25
31.6

CD25
31.0

CD25
55.9

CD44
87.2

CD44
61.9

CD44
83.9

CD44
97.4

CD69
37.7

CD69
47.6

CD69
24.7

CD69
31.5

PD1
0.47

PD1
0

PD1
4.06

PD1
0.17

CD25
38.0

CD25
46.7

CD25
17.7

CD25
28.7

CD44
81.0

CD44
94.1

CD44
89.2

CD44
96.4

CD69
12.7

CD69
9.54

CD69
24.4

CD69
19.7

PD1
1.96

PD1
1.18

PD1
1.99

PD1
6.33

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted October 18, 2023. ; https://doi.org/10.1101/2023.10.13.562280doi: bioRxiv preprint 

https://doi.org/10.1101/2023.10.13.562280
http://creativecommons.org/licenses/by-nc-nd/4.0/



