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Supplemental materials 

 

Supplemental figure 1. No prominent reduction of the proliferative zone (light area) in 

Erk1/2 DKO mice. (A–C) Staining of E14.5 brain sections for the neuronal marker TuJ1 

shows no prominent reduction of the proliferative zone (light area) in Erk1/2 DKO mice 

(C) compared with control (A) or Erk2 CKO mice (B). (D–F) Staining for Ki67+ shows 

no prominent differences between genotypes. (G–I) Staining for AC3 shows apoptosis 

was not increased in the VZ of Erk2 CKO (H) nor Erk1/2 DKO (I) mice compared with 

controls (G). Scale bars: 100 μm in (A–F), 50 μm in (G–I).  

 

Supplemental figure 2. Reduced proliferation in the VZ of the Erk1/2 DKO mice at 

E18.5. (A–C) Staining for Ki67 shows decreased cell proliferation in the VZ of Erk1/2 

DKO mice (C), but not of Erk2 CKO mice (B), compared with controls (A). (D–F) At 

E18.5, no prominent increase is found in the number of AC3+ cells in the VZ of Erk2 

CKO (E) or Erk1/2 DKO (F) mice compared with controls (D). (G) The fold differences 

in the numbers of Ki67+ cells in the VZs were calculated. The number of Ki67+ cells in 

the VZ is significantly reduced in Erk1/2 DKO mice compared with controls (DKO vs. 

control, n = 5 mice for each, t test, t = 17.19, p < 0.001). Scale bars: 50 μm. *** p < 



 2 

0.001. 

 

Supplemental figure 3. Inactivation of both ERK1 and ERK2 results in the generation of 

fewer cortical neurons at P0. Corresponding cortical coronal sections were 

immunostained for the neuronal marker NeuN and were counterstained with DAPI. 

(A–C) We found no significant difference in the number of DAPI+ cells between 

controls (A) and Erk2 CKO mice (B). However, the number of DAPI+ cells in Erk1/2 

DKO mice (C) was significantly reduced compared with that in control. (D–F) 

Immunohistochemistry with NeuN, a marker for mature CNS neurons, revealed a 

significant reduction in the number of NeuN-expressing cells in the cortices of the Erk2 

CKO mice (E) as well as in the Erk1/2 DKO mice (F) compared with control at P0. (G) 

The fold differences in the numbers of DAPI+ cells at P0 were calculated (CKO vs. 

control, n = 5 mice for each, t = 1.80, t test, p > 0.05; DKO vs. control, n = 5 mice for 

each, t test, t = 3.95, p < 0.01). (H) The fold differences in the numbers of NeuN+ cells 

at P0 were calculated (CKO vs. control, n = 5 mice for each, t test, t = 3.29, p < 0.05; 

DKO vs. control, n = 5 mice for each, t test, t = 5.40, p < 0.001). Scale bars: 100 μm. * p 

< 0.05, ** p < 0.01, *** p < 0.001. 

 



 3 

Supplemental figure 4. Inactivation of both ERK1 and ERK2 results in more astrocytes 

and fewer oligodendrocytes within the cerebral cortex at P0. (A–C) 

Immunohistochemistry with GFAP, a marker for astrocyte, revealed that GFAP 

immunoreactivity was increased in the cortices of Erk2 CKO (B) and Erk1/2 DKO (C) 

mice compared with controls (A). The increase was more prominent in Erk1/2 DKO 

than in Erk2 CKO mice. (D–F) Higher-magnification images from (A–C). (G–I) 

Immunohistochemistry with CNPase, a marker for oligodendrocyte revealed that 

CNPase immunoreactivity was reduced in the cortices of Erk2 CKO (H) and Erk1/2 

DKO mice (I) compared with controls. (J–L) Higher-magnification images from (G–I). 

Previous studies demonstrated that inhibition of the MEK-ERK pathway resulted in 

enhanced generation of astrocytes (Paquin et al., 2005; Samuels et al., 2008). Our 

findings of reduced neurogenesis and enhanced generation of astrocytes in the Erk2 

CKO mice and Erk1/2 DKO mice are consistent with the postulated action of the ERK 

pathway in promoting neurogenesis and suppressing generation of astrocytes (Paquin et 

al., 2005; Samuels et al., 2008). Scale bars: 100 μm in (A–C), 50 μm in (G–I), 25 μm in 

(J–L), 20 μm in (D–F). 

 

Supplemental figure 5. Reduced neurogenesis in the red nuclei of Erk2 CKO and Erk1/2 
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DKO mice. (A–C) Large neurons with robust staining for NeuN are observed in 

controls (A). On the other hand, the number of large neurons and robust staining for 

NeuN are significantly less in Erk2 CKO mice (B) compared with controls. Large 

neurons are hardly discernible and only faint staining for NeuN is observed in the 

Erk1/2 DKO mice (C). (D–F) Apoptotic cells (arrowheads) were not increased in the red 

nuclei of Erk2 CKO (E) nor Erk1/2 DKO (F) mice compared with controls (D). (G, H) 

The size of the neurons in the red nucleus and the trigeminal motor nucleus was 

estimated by measuring their cross-sectional areas. The neurons in the red nucleus of 

Erk1/2 DKO and Erk2 CKO mice were significantly smaller than those from control 

mice (DKO vs. control, n = 5 mice for each, t test, t = 18.88, p < 0.001; CKO vs. control, 

n = 5 mice for each, t test, t = 2.47, p < 0.05; G). Similarly, the neurons in the trigeminal 

motor nucleus of Erk1/2 DKO mice were significantly smaller than those of control 

mice (DKO vs. control, n = 5 mice for each, t test, t = 15.57, p < 0.001; H). Scale bars: 

25μm. * p < 0.05, *** p < 0.001. 

 

Supplemental figure 6. To verify that the reactivity with AC3 represented authentic 

apoptosis, we also performed TUNEL as an independent measure of apoptotic cell death. 

TUNEL shows a similar pattern of apoptosis to that revealed by AC3 staining. 
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Representative images of the retrosplenial cortex are shown. Sections were 

counterstained with DAPI. Scale bar: 100 μm. 

 

Supplemental figure 7. Apoptosis was induced in various cell types in the cortices of 

Erk1/2 DKO mice. (A–C) The partial co-localization (C) of signals for AC3 (A) and 

NeuN (B) indicates that apoptosis was occurring in neurons. (D–F) The partial 

co-localization (F) of signals for AC3 (D) and GFAP (E) indicates that apoptosis was 

occurring in astrocytes. (G–I) The partial colocalization (I) of signals for AC3 (G) and 

CNPase (H) indicates that apoptosis was occurring in oligodendrocytes. Scale bars: 20 

μm. 

 

Supplemental figure 8. Apoptosis are not increased in the VZ of Erk1/2 DKO mice. 

(A–C) No prominent increase is found in the number of AC3+ cells in the VZ of Erk2 

CKO mice (E), the Erk1/2 DKO mice (F) and controls. (D–F) Higher-magnification 

images from (A–C). Note that apoptotic cells (arrowheads) are found outside the VZ in 

Erk1/2 DKO mice, whereas apoptosis is not detectable within the VZ (I). Scale bars: 25 

μm in (A–C, G–I), 50 μm in (D–F).  

 




















