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  24 

Supplementary Fig. 1 | mRNA expression of CLDN11/Cldn11 in human and mouse 25 

testicular cells. 26 

a, b t-Distributed stochastic neighbor embedding (t-SNE) plots showing 10x Genomics 27 

profiling of unselected spermatogenic cells from human testes (a) and mouse testes (b). 28 

Cell clusters were identified by expression of key marker genes. Black arrowheads 29 

indicate clusters of Sertoli cells. c, d Violin plots showing mRNA expression levels of 30 

human CLDN11 (c) and mouse Cldn11 (d) among the clusters shown in (a) and (b), 31 

respectively. Based on published single-cell RNA-seq data33, t-SNE plots (a, b) and violin 32 

plots (c, d) were shown. 33 

Supplementary Figure 1, Sugawara et al.
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 34 

Supplementary Fig. 2 | Histological, immunohistochemical, and western blotting 35 

analyses using Cldn11+/+, Cldn11+/-, and Cldn11-/- mice. 36 

a, b Hematoxylin and eosin staining of sections prepared from testes (a) and the cauda 37 

epididymides (b) of Cldn11+/+ and Cldn11+/- mice. c–e Immunohistochemistry of frozen 38 

testis sections from Cldn11+/+ and Cldn11+/- mice using anti-CLDN11 (c), anti-OCLN (d), 39 

or anti-ZO1 antibody (e). f Immunohistochemistry of frozen testis sections from 40 

Cldn11+/+ and Cldn11-/- mice using anti-CLDN11 antibody. White dotted lines outline the 41 

seminiferous tubules. g Western blotting of testis lysates prepared from Cldn11+/+ and 42 

Cldn11-/- mice using anti-CLDN11 and anti-a-tubulin antibodies. Scale bars: 50 µm (a–43 

f). 44 
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  47 

Supplementary Fig. 3 | The number of PNA lectin+, DDX4+, and SCP3+ cells is 48 

decreased in Cldn11-/- mouse testes. 49 

a, b Testis sections from Cldn11+/- and Cldn11-/- mice (a), or Cldn11-/- mice (b) were 50 

stained using PNA lectin. PNA lectin+ cells were occasionally observed, as shown by 51 

yellow arrowheads (b). White dotted squares indicate the regions shown in high 52 

magnification images (b, High mag.). c, d Immunohistochemistry of testis sections 53 

prepared from Cldn11+/- and Cldn11-/- mice using anti-DDX4 (c) or anti-SCP3 antibody 54 

(d). Scale bars: 100 µm (a), 50 µm (b–d), and 10 µm (b, High mag.). 55 
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 57 

Supplementary Fig. 4 | Residual differentiating spermatogonia in Cldn11-/- mice 58 

maintain proliferative capacity.  59 

Immunohistochemistry of testis sections from Cldn11+/- and Cldn11-/- mice using anti-60 

KIT and anti-Ki67 antibodies. White dotted squares indicate the regions shown in high 61 

magnification images (High mag.). A total of 516 or 497 KIT+ cells on seminiferous 62 

tubule sections from testes of four biologically independent Cldn11+/- or Cldn11-/- mice, 63 

respectively, were analyzed. The proportion of KIT+ cells expressing Ki67 is shown in 64 

the graph. Red dots indicate biological replicates of mice. Data are shown as mean ± SD 65 

and were analyzed by Student’s t-test. n.s. (not significant): P > 0.05. Scale bars: 50 µm 66 

and 10 µm (High mag.). 67 
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 75 

Supplementary Fig. 5 | CLDN11 is dispensable for maintenance of undifferentiated 76 

spermatogonia. 77 

a, b Immunohistochemistry of testis sections from Cldn11+/- and Cldn11-/- mice using 78 

anti-PLZF and anti-WT1 (a) or anti-LIN28A and anti-WT1 antibodies (b). Cells 79 

expressing PLZF (a) or LIN28A (b) in seminiferous tubules are shown by yellow 80 

arrowheads. The number of PLZF+ (a) or LIN28A+ (b) cells on seminiferous tubule 81 

sections from testes of Cldn11+/- and Cldn11-/- mice was normalized to the number of 82 

WT1+ Sertoli cells. A total of 195–226 seminiferous tubules on testis sections from three 83 

biologically independent Cldn11+/- or Cldn11-/- mice were analyzed. Red dots indicate 84 

biological replicates of mice. Data are shown as mean ± SD and were analyzed by 85 
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Student’s t-test. n.s. (not significant): P > 0.05. Scale bars: 50 µm (a, b). 86 
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 110 

Supplementary Fig. 6 | TUNEL assay with immunohistochemistry for WT1.  111 

TUNEL assay with immunohistochemistry of testis sections prepared from Cldn11-/- mice 112 

using anti-WT1 antibody. The inset shows a magnified image of the region indicated by 113 

a white dotted square. A yellow arrow shows a TUNEL- Sertoli cell cluster. Scale bars: 114 

50 µm and 10 µm (inset). 115 
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 129 

Supplementary Fig. 7 | CLDN11 is necessary to accomplish the first wave of 130 

spermatogenesis, but is dispensable for its onset. 131 

a Immunohistochemistry of frozen testis sections from P10, P20, and P30 wild-type mice 132 

using anti-CLDN11 and anti-ZO1 antibodies. b Testis weight of P10, P20, and P30 mice 133 

from each genotype shown in the graph. The number of biologically independent mice in 134 

each group is shown as n in the graph. Red dots indicate biological replicates of mice. 135 

Data are shown as mean ± SD and were analyzed by Student’s t-test. n.s. (not significant): 136 

P > 0.05. c Hematoxylin and eosin staining of testis sections from Cldn11+/- and Cldn11-137 

/- mice at P10, P20, and P30. Black arrowheads indicate Sertoli cell clusters. Scale bars: 138 
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50 µm (a) and 100 µm (c). 139 
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 163 

Supplementary Fig. 8 | Localization of TJ-associated proteins in seminiferous 164 

tubules of Cldn11-/- mice. 165 
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a–d Immunohistochemistry of frozen testis sections from Cldn11+/+ and Cldn11-/- mice 166 

using anti-OCLN and anti-ZO1 (a), anti-JAM1 and anti-ZO1 (b), anti-CLDN3 and anti-167 

ZO1 (c), or anti-CLDN5 and anti-ZO1 antibodies (d). White dotted squares indicate the 168 

regions shown in high magnification images (High mag.). Scale bars: 50 µm (a–d) and 169 

10 µm (a–d, High mag.). 170 
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  190 

Supplementary Fig. 9 | Production of autoantibodies against antigens of 191 

spermatogenic cells in Cldn11-/- mice and distribution of leukocytes in Cldn11-/- 192 

mouse testes. 193 

a Immunohistochemistry of wild-type testis sections using sera from a Cldn11+/- mouse 194 

(a1) and Cldn11-/- mice (a2 and a3) as primary antibodies. Dot-like signals (a2) or signals 195 

derived from flagella of elongated spermatids (a3) were detected at the adluminal 196 

compartment of seminiferous tubules. Stages of spermatogenesis are shown by Roman 197 

numerals. b Immunohistochemistry of testis sections from Cldn11+/- and Cldn11-/- mice 198 

using anti-CD45 antibody. Scale bars: 50 µm (a) and 100 µm (b). 199 
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 200 

Supplementary Fig. 10 | Normal spermatogenesis in Rag2-/-/Jak3-/- mice. 201 

a Appearance and weight of testes from wild-type (WT) and Rag2-/-/Jak3-/- mice. The 202 

number of biologically independent mice in each group is shown as n in the graph. Red 203 

dots indicate biological replicates of mice. Data are shown as mean ± SD and were 204 

analyzed by Student’s t-test. n.s. (not significant): P > 0.05. b, c Hematoxylin and eosin 205 

staining of sections from testes (b) and the cauda epididymides (c) of WT and Rag2-/-206 

/Jak3-/- mice. Scale bars: 1 cm (a) and 50 µm (b, c). 207 
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 217 

Supplementary Fig. 11 | mRNA expression of Par3, Par6a, Prkcz, and Prkci in mouse 218 

testicular cells. 219 

Violin plots showing mRNA expression levels of mouse Par3, Par6a, Prkcz, and Prkci 220 

among the clusters shown in Supplementary Fig. 1b. 221 
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 229 

Supplementary Fig. 12 | Undifferentiated spermatogonia, but not differentiating 230 

spermatogonia, are maintained in some seminiferous tubules of Sl/Sld mice. 231 

a Immunohistochemistry of testis sections from Sl/Sld mice at 6 weeks of age using anti-232 

PLZF and anti-WT1 antibodies. PLZF+ cells were observed in some seminiferous tubules. 233 

b–d Immunohistochemistry of testis sections from wild-type (WT) and Sl/Sld mice at 6 234 

weeks of age using anti-PLZF and anti-WT1 (b), anti-LIN28A and anti-WT1 (c), or anti-235 

KIT and anti-PLZF antibodies (d). Scale bars: 500 µm (a) and 50 µm (b–d). 236 
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  241 

Supplementary Fig. 13 | SCF-HA is localized to the lateral membrane in MDCK II 242 

cells. 243 

a SCF tagged with HA at its C-terminus (SCF-HA) was stably expressed in MDCK II 244 

cells. Western blotting of lysates prepared from parental MDCK II cells and MDCK II 245 

cells stably expressing SCF-HA using anti-HA and anti-a-tubulin antibodies. b, c 246 

Immunofluorescence staining of MDCK II cells stably expressing SCF-HA using anti-247 

HA and anti-ZO1 (b), or anti-HA and anti-CDH1 antibodies (c). Maximum intensity 248 

projections of Z-stacked images (top) and the corresponding Z-stacked images along 249 

white dotted lines (bottom) are shown. Scale bars: 10 µm (b, c). 250 
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 258 

Supplementary Fig. 14 | Differentiating spermatogonia are observed in seminiferous 259 

tubules close to SCF-soaked beads transplanted into the testicular interstitium in 260 

Cldn11-/- mice. 261 

Immunohistochemistry using anti-KIT antibody on sections from Cldn11-/- mouse testes, 262 

with BSA- or SCF-soaked beads transplanted into the interstitium (Int). White dotted 263 

squares indicate the regions shown in high magnification images (High mag.). White 264 

dotted lines outline seminiferous tubules. Asterisks indicate beads. Scale bars: 50 µm and 265 

10 µm (High mag.) 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

 274 

 275 

Supplementary Figure 14, Sugawara et al.

H
oe

ch
st

/K
IT

KI
T

High mag. High mag.BSA SCF

*

*

*

*

Cldn11-/-

Int Int

Int Int

Int

Int

Int

Int

1
2 1 2

3
4

3 4



 19 

 276 

Supplementary Fig. 15 | Characterization of rabbit anti-SCF polyclonal antibody. 277 

a Immunofluorescence staining of parental HEK293 cells and HEK293 cells transiently 278 

expressing SCF-HA using anti-HA or anti-SCF antibody. b Western blotting of testis 279 

lysates prepared from wild-type (WT) and Sl/Sld mice at 6 weeks of age using anti-SCF 280 

and anti-a-tubulin antibodies. *Non-specific bands. Scale bar: 20 µm (a). 281 
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 294 

Supplementary Fig. 16 | Uncropped gel and blot images. Uncropped gel and blot 295 

images in Figs. 2d, 2e, 4c, 5b, Supplementary Figs. 2g, 13a, and 15b. Red squares indicate 296 

cropped regions. 297 
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