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Abstract . Mitogen-activated protein kinases (MAPKs)are important mediators of
signal transduction from the cell surface to the nucleus. c-Jun amino-terminal kinase
(JNK) is a member of the MAP kinase group. The JNK family of kinases is comprised
of at least 3 isoforms, JNK 1, JNK 2 and JNK 3, and all of these kinases phosphorylate the
transcription factor c-Jun in response to various stimulations. c-Jun is one of the earliest
and most consistent markers for neurons that respond to nerve-fiber transection. It is
reported that the dorsal motor nucleus of vagus nerve shows degenerative changes after
axotomy while the hypoglossal nucleus shows regenerative changes.

In order to elucidate c-Jun metabolism after axotomy, we investigated the expression of

JNK 1, JNK 2 and JNK 3 mRNA and immunohistochemical expression of JNK 1, JNK 2
and JNK 3 protein following vagus and hypoglossal nerve transection.
We found that JNK 1, ]NK 2 and JNK 3 mRNA were positive in the cytoplasms of
neuronal and microglial cells. JNK 1 and JNK 2 protein were distributed mainly in the
cytoplasm of neurons and glial cells, while only the JNK 3 immunoreactivity was
observed intensely in the nuclei of neuronal cells. These results indicate that the
principal activity of JNKs in neurons is contributed largely by JNK 3 under both normal
and axotomized conditions.
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Table 1. Signal transduction : MKK4/7 => JNK = c-Jun
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Fig. la. In situ hybridization of JNK 2 mRNA at 5
days after axotomy.
JNK 2 mRNAs were not changed in either va-
gal (X) and hypoglossal (XII) nuclei follow-
ing their respective nerve injury.
Counterstaining with methyl green. Original
magnification X100.

Fig. 1b. In situ hybridization of JNK 2 mRNA in the
hypoglossal nucleus at 5 days after axotomy.
Following vagal and hypoglossal nerve in-
jury, hybridization signals for JNK 2 mRNA
were expressed in cytoplasms of neuronal
and perineuronal microglial cells (arrows).
Counterstaining with methyl green. Original
magnification X400.
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Fig. 2. In situ hybridization of JNK 3 mRNA at 5 days
after axotomy.
JNK 3 mRNA tended to decrease in the severed
side of the hypoglossal nucleus (XII). Counter-
staining with methyl green. Original magnifi-
cation X100.
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Fig. 3. Sense RNA probe for JNK 2 shows no signal.

Counterstaining with methyl green. Original
magnification X100.

Table 2. Results of in situ hybridization for JNK 1, 2
and JNK 3 mRNA after axotomy
JNK 1 and JNK 2 mRNAs were not changed,
while only JNK 3 mRNA tended to decrease
in the hypoglossal nucleus after axotomy.
The number of + signs indicates the extent
of JNK 1, JNK 2 and JNK 3 mRNA expression
on ipsilateral nucleus after axotomy, com-
pared to the background level. - sign shows
an expression level almost equivalent to the

background.
Sham 1 3 5 7 14 28
op. day | days | days | days | days | days
neuron + + + + + + +
microglia + + + + + +
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Flg 4 hn.munohlstochemlstry agamst JNK 2 antlbod-
ies at 7 days after axotomy.
The immunoreactivities for JNK 2 showed no
obvious change after axotomy. Original magni-
fication X100.

Fig. 5a. Imrnunohlstochemlstry agamst JNK 3 antibod-
ies at 7 days after axotomy.

JNK "3 immunoreactivity was mainly re-
stricted to neurons of both nuclei. No obvious
chage of JNK 3 immunoreactivity was ob-
served in both nuclei after axotomy. Original
magnification X100.

Fig. 5b. Immunohistochemistry against JNK 3 antibod-

ies in the hypoglossal nucleus at 7 days after
axotomy.
The immunoreactivity was observed in-
tensely in the nuclei (arrows) and moderately
in the cytoplasms (arrowheads) of neuronal
cells. Original magnification X400.

F OB W fbis

Table 3. (a) JNK 1 and JNK 2 in both nuclei

The expression of JNK 2 was localized in the
cytoplasms of neuronal and microglial cells.

The immunoreactivities showed no obvious
change after axotomy.

Sham 3 7 14
op. days | days | days
nucleus _ _ _ _
of neuron
cytoplasm + + N .
of neuron
microglia + + +

(b) JNK 3 in both nuclei

The immunoreactivity was observed in-
tensely in the nuclei and moderately in the
cytoplasms of neuronal cells.

Sham 3 7 14
op. days | days | days
nucleus
+ + ++ +
of neuron
cytoplasm
of neuron + * * *
microglia + + +
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