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was strongly positive, but was negative in the 
control group (Figure 1B). 

Anxiety-like behaviors were increased in 
UL122 mice

We performed open field and elevated plus-
maze tests to measure anxiety-like behavior.  
IE mice spent significantly less time in the cen-
tral regions of the open field (P<0.001; Figure 
1C) and significantly more time motion in the 
periphery (P<0.001; Figure 1D) than did NC 
mice. Results of the elevated plus-maze test 
were consistent with those of the open field 
test, with the IE group showing similar anxiety 
behaviors. The IE group tended to spend less 
time in the open arms (P<0.001; Figure 1E) and 
longer periods in the closed arms than did NC 
group mice (P<0.001; Figure 1F).

Depressive-like behaviors were increased in 
UL122 mice

We used the tail suspension test to assess de- 
pression-like behavior. Traditionally, immobility 
is perceived as abandonment behavior that 
can be expressed as depression in the test.  
We observed that the IE group showed sub-
stantially more such behavior than did the NC 
group (P<0.001; Figure 1G).

Lowered cognitive ability in UL122 mice

To measure cognitive-related behavior of mice, 
we used the Morris water maze test and the 

novel object recognition test. On MWM test, the 
difference in average speed in the IE group did 
not differ from that of the NC group (P>0.05; 
Figure 1H). The number of platform crossings 
was significantly lower in the IE group than in 
the NC group (P<0.001; Figure 1I). The IE group 
spent less amount time in the objective quad-
rant than did the NC group (P<0.001; Figure 
1J). As in the NOR, there were no differences  
in terms of overall exploration, suggesting no 
spontaneous bias for an object relative to NC 
mice (P>0.05; Figure 1K). The recognition in- 
dex in the IE group was significantly lower than 
that of the NC during the test period (P<0.001) 
(Figure 1L). This suggests that IE2 impaired 
cognitive ability to some degree.

IE2 promoted hippocampal neuron damage in 
UL122 mice

The damage of hippocampal neurons in the 
UL122 transgenic mice was assessed using 
light microscopy (Figure 2). HCMV-encoded IE2 
expression gave rise to disorganization of hip-
pocampal neurons in the IE group. Some neu-
rons were observed to be damaged, character-
ized by neuron shrinkage with wider intercellu-
lar spaces than in NC group. Compared with  
the NC group, neuronal damage in the IE group 
was substantial, suggesting that IE2 might 
have caused neurodegenerative changes in 
CA1, CA3, and DG of the hippocampus (Figure 
2A and 2B).

Figure 2. Effect of IE2 on morphological 
changes in the hippocampal CA1, CA3 and 
DG region of UL122 transgenic mice. A. The 
histologic zonal structure of hippocampal. 
B. Compared with the control group, neuron 
morphology and arrangement in the experi-
mental group show substantial abnormali-
ties. Bar: 400 μm.
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IE2 down regulates FGF2 expression in the 
hippocampus of UL122 mice

Microarray analysis data showed that IE2 in- 
hibited neurogenesis-related genes expressed 
in transgenic mouse hippocampus. There was 
decreased expression of neurogenesis-relat- 
ed genes, including Fgf2, Foxo3, Cdkl3, Apoe, 
Cpeb3, Etv1, Ilk and Mef2c (Figure 3A). This 
was further confirmed using qPCR (Figure 3B). 
In particular, Fgf2 is closely involved with de- 
pression, anxiety, and cognitive impairment. 
Quantitative and semiquantitative PCR were 
used to investigate mRNA expression of Fgf2 
(P<0.001; Figure 3B and 3C). Western blot and 
immunohistochemistry were used to measure 
FGF2 protein expression. We found that FGF2 
expression was lower in the IE group than in the 
NC group (P<0.001; Figure 3D and 3E).

Decreased NeuN and GFAP expression in 
UL122 mice

NeuN (mature neuronal marker) and GFAP (as- 
trocyte marker) modulate synaptic plasticity; 

neurons and astrocytes play important roles in 
depression, anxiety, and cognitive impairment 
[11-14]. We found significantly lower levels of 
mRNA expression for NeuN and GFAP in the 
CA1, CA3 and DG of the hippocampus of the IE 
group than that of the NC group (P<0.05; Figure 
4A and 4B). We also measured protein levels of 
NeuN and GFAP using immunohistochemistry 
(Figure 4C and 4D) and western blot (P<0.01; 
Figure 4E and 4F). We found that levels of 
NeuN and GFAP in the CA1, CA3 and DG of the 
hippocampus were significantly lower in the IE 
group than in the NC group. 

Decreased SYP and PSD-95 proteins in hippo-
campus of UL122 mice 

It is reported that NeuN and GFAP have signifi-
cant influence on neurodevelopment and syn-
aptic plasticity in the hippocampus implicated 
in cognition and emotion [15, 16]. To further 
explore effect of decreased NeuN and GFAP 
expression on synaptic plasticity in UL122 
mice, we measured the expression of synapto-
physin (SYP) and postsynaptic density 95 (PSD-

Figure 3. IE2 down-regulates FGF2 expression in UL122 transgenic mice hippocampus. (A-C) Microarray analysis 
data (A), real-time qPCR (B) and semiquantitative PCR (C) showing that IE2 inhibits neurogenesis-related gene ex-
pression. (D and E) Immunohistochemistry (D) and western blot (E) showing that IE2 inhibits the expression of FGF2 
protein. Bar: 400 μm. ***P<0.001.
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95) in the hippocampus. Western blotting was 
used to assess the expression of SYP and PSD-
95. We found that expression levels of SYP and 
PSD-95 protein were significantly lower in the 
hippocampus of IE mice (Figure 4G and 4H), 
suggesting NeuN and GFAP modulate synaptic 
plasticity.

Discussion 

To the best of our knowledge, this study is the 
first to describe cognitive and emotion-related 

behaviors in UL122 genetically-modified mice. 
Using behavioral tests, we showed greater lev-
els of anxiety-like behaviors of UL122 geneti-
cally-modified mice in open field and elevated 
plus-maze tests. UL122 mice also demonstrat-
ed more depressive-like behaviors in tail-sus-
pension test. Furthermore, UL122 mice dem-
onstrated reduced cognitive capacity in the 
Morris water maze and novel object recognition 
test. These data suggest changes in cognition 
and mood associated with HCMV-encoded IE2.

Figure 4. Decreased the level of NEUN, GFAP, SYP and PSD-95 expression in UL122 transgenic mice. (A and B) 
Semiquantitative PCR (A) and qPCR (B) showing that IE2 inhibits the expression of NeuN and GFAP. Immunohisto-
chemistry (C and D) and western blot (E and F) showing that IE2 inhibits the expression of NEUN and GFAP protein. 
(G and H) SYP and PSD-95 protein levels in hippocampus. *P<0.05, **P<0.01, ***P<0.001.
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