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CORT did not affect the percent of proliferative cells in either high or low FGF2 media as compared to 
vehicle (Figure 5B). These data indicate that NPCs do not respond to acute CORT in isolation, but 
likely rely on input from another cell type in the neurogenic niche. A growing body of work indicates 
that astrocytes can strongly regulate NPC dynamics through secreted factors (Song et al., 2002), so 
we next tested whether astrocytes might participate in the regulation of NPCs in response to CORT. 
We treated primary hippocampal astrocytes cultured as described in (McCarthy and de Vellis, 1980) 
with 1 μM CORT or EtOH vehicle for 3 hr then extracted astrocyte conditioned media (ACM). When 
administered to isolated NPCs, CORT-treated ACM increased the percent of BrdU+ NPCs signifi-
cantly over EtOH-treated coculture media (CoC) control by 1.52-fold (29.56 ± 2.81 CoC-EtOH vs 
44.93 ± 2.82 ACM-1 μM CORT; Figure 5C,D). These findings suggest that astrocytes could mediate 
the in vivo increase in NPC proliferation following acute stress through secreted factors.

Acute stress increases dorsal hippocampus FGF2 expression
Given that astrocytes secrete a variety of growth factors that support cell proliferation, we next inves-
tigated hippocampal growth factor expression in stressed rats. We quantified levels of the following 
growth factors previously reported to be mitogenic and/or elevated by acute stress (Mocchetti et al., 
1996; Molteni et al., 2001; Ma et al., 2009) in the dorsal hippocampus of stressed and control rats: 
FGF2, brain derived neurotrophic factor (BDNF), nerve growth factor (NGF), FGF receptor 1 (FGFR1), 
FGFR2, FGFR3, FGFR4, vascular endothelial growth factor (VEGF), growth arrest and DNA damage–
inducible 45β (GADD45β) as well as the early immediate gene, CFOS. Acute stress caused a significant 
increase in FGF2 mRNA and protein levels in the dorsal hippocampus (Figure 6A–D,I). Immobilization 
increased fgf2 mRNA 1.77 (±0.20) fold over control while 40 mg/kg CORT increased fgf2 mRNA by 
1.70 (±0.23) fold over 0 mg/kg CORT (Figure 6A,B). Immobilization and 40 mg/kg CORT also signifi-
cantly increased FGF2 protein levels in the dorsal hippocampus by 1.59 (±0.24) fold and 2.54 (±0.34) 
fold, respectively (Figure 6C,D,I). In contrast, bdnf exon IV mRNA levels were significantly decreased 
by immobilization and CORT (Figure 6E,F). BDNF protein level, however, was unchanged by either 
manipulation (Figure 6G–I). Acute stress did not consistently alter mRNA levels of ngf, fgfr1, fgfr2, 
fgfr3, fgfr4, vegf, bdnf exon IX, or gadd45β (Figure 7A–P). mRNA of the immediate early gene cfos 
was generally increased at 30 min after any manipulation, including oil injection (Figure 7Q,R).

Acute stress does not increase FGF2 expression in the ventral 
hippocampus
We next quantified FGF2 expression in ventral DG where we previously saw no effect of stress on cell 
proliferation. Immobilization and 40 mg/kg CORT injections significantly increased fgf2 mRNA levels 
in the ventral hippocampus, similar to the dorsal hippocampus (Figure 6J,K). However, protein levels 
of FGF2 were not increased by any of the acute stressors in the ventral portion of the hippocampus 
(Figure 6L–N). These results provide intriguing correlative evidence that increased FGF2 protein levels 
following acute immobilization or CORT exposure could underlie the observed increase in dorsal hippo-
campal proliferation.

Acute stress increases FGF2 expression in hilar astrocytes of the dorsal 
hippocampus
To determine whether astrocytes were the source of increased dorsal hippocampal FGF2 in vivo, we 
used confocal microscopy to quantify double immunohistochemical labeling for FGF2 and the astro-
cyte marker, glial fibrillary acidic protein (GFAP) in adult male rats treated as in Figure 2A. Consistent 
with previous reports (Bhatnagar et al., 1997), FGF2-immunoreactive cells were found throughout the 

and 3 hr after injection. The change in plasma CORT following 5 mg/kg CORT injection was not significantly different from oil injection. Two-way 
ANOVA, effect of CORT dose p<0.0001. **q = 3.62 and 3.61, p<0.001, 40 mg/kg 30 min and 3 hr, respectively. (G) The number of BrdU-labeled newborn 
cells surviving 24 hr after the end of immobilization was greater in immobilized rats than controls. *p=0.03 (H) the number of BrdU-labeled newborn cells 
surviving 24 hr after CORT/oil injection was greater in rats given 40 mg/kg CORT compared to 0 mg/kg CORT. *p=0.04. (I) Representative images of 
BrdU+ cells (black arrows) in the dorsal DG (dashed outline) of control, immobilized, 0 mg/kg and 40 mg/kg CORT-injected rats. (J) Experimental 
timeline. Rats were handled for 3 days, injected with CORT or oil vehicle then perfused 3 hr later. (K) No difference in Ki67+ cell number was found in 
the adult dorsal DG with increasing CORT dose. All values are average ± SEM. Scale bar is 100 μm.
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