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Human plasma membrane-associated sialidase (NEU3) specifically
hydrolyzes gangliosides, and it is up-regulated in colon cancer and
plays an essential role in the expression of malignant phenotypes.
To clarify the role of NEU3 in tumorigenesis in vivo, we examined
the susceptibility of NEU3 transgenic mice to induction of colonic
aberrant crypt foci (ACF) by azoxymethane. Mice were injected with
azoxymethane (i.p., 15 mg/kg/week) for 6 weeks, and 4 weeks later
ACF had formed in the NEU3 transgenic mice significantly more than
in the control wild-type mice. Enhanced phosphorylation of epidermal
growth factor (EGF) receptor, Akt and ERK and up-regulation of
Bcl-xL protein were observed in the transgenic colon mucosa, but
no changes were found in cell proliferation, suggesting that the
increased ACF formation is due to suppression of apoptosis.
Immunohistological analysis with anti-cleaved caspase 3 antibody
showed an actual reduction in apoptotic cells in the transgenic
mucosa at 6 h after the first azoxymethane injection, when
apoptosis in the colonic crypt occurs. Consistent with our previous
observations of human colon cancer, thin-layer chromatography of
the gangliosides from the transgenic colon mucosa revealed decreased
GM3 and increased lactosylceramide as compared to those from the
control mucosa, probably because of catalysis of gangliosides by
NEU3. The results of this study provide the first evidence that NEU3
essentially increases azoxymethane-induced ACF formation in colon
mucosa by suppression of apoptosis, possibly via activation of the
EGF signaling pathway, and thus indicate that up-regulation of
NEU3 is important to the promotion stage of colorectal carcinogenesis
in vivo. (Cancer Sci 2009; 100: 588–594)

Colorectal carcinogenesis is thought to occur in several steps
that lead from normal mucosa to carcinoma. Aberrant crypt

foci (ACF) with dilated irregular luminal openings and thicker
epithelial linings are the earliest identifiable mucosal abnormalities
in carcinogen-treated rodents and in humans harboring colonic
cancer lesions. Formation of ACF is thought to be a precursor
of colon cancer.(1–3) Epidermal growth factor receptor (EGFR)
signaling is activated in human colon ACF, and expression of related
molecules, including proliferating cell nuclear antigen (PCNA),
tumor growth factor (TGF)-α, EGFR, and cyclo-oxygenase-2
(COX-2), is increased in hyperproliferative ACF.(4) Azoxymethane
(AOM), a DNA-alkylating reagent, is often used to induce the
formation of ACF in rodents as an experimental model of colonic
tumorigenesis in the premalignant phase. AOM is metabolized to
methylazoxymethanol by P450 in the liver, and bacterial flora in
the intestine activates methylazoxymethanol to methyldiazonium,
which exerts colonotropic mutagenicity.(5) In AOM-induced ACF,
an increase of c-fos, decrease in c-myc and hexosamidase, and
mutation of the k-ras, APC, and β-catenin genes are observed.(6)

Sialic acids have been shown to play a role in various biological
processes by influencing the conformation of glycoproteins, and

by recognizing and masking the biological sites of molecules
and their binding sites to the cells. Aberrant sialylation is a
characteristic feature of cells that have undergone malignant
transformation and is closely associated with the malignant
phenotype, including metastatic potential and invasiveness.(7,8) A
previous study has shown changes in expression of sialic acid-
related enzymes in AOM-induced tumors compared with control
colon mucosa, suggesting that impaired sialic acid metabolism
occurs in cancer.(9) However, neither how aberrant sialylation occurs
nor the consequences of the changes are fully understood. Sial-
idase catalyzes the removal of sialic acids from the sugar chains
of glycoproteins and glycolipids. There are four sialidases of
mammalian origin. They differ in intracellular localization and
substrate specificity, and their names are abbreviated as Neu1,
Neu2, Neu3 and Neu4.(10,11) We previously found that these
sialidases behave in different ways during carcinogenesis. The
plasma membrane-associated sialidase, Neu3, is involved in cell
differentiation and transmembrane signaling in neural cells,(12–14)

and the human ortholog NEU3 has been found to be up-regulated
in colon, renal, and ovary cancer, in comparison with adjacent
tissue.(15–17) Up-regulation of NEU3 has been found to increase
cancer malignancy in vitro by increasing cell attachment and
cell motility and inhibiting apoptosis,(15,16,18,19) and knockdown of
NEU3 in cancer cells induces apoptosis.(20)

Although we have demonstrated that NEU3 plays an important
role in the malignancy of colon cancer cells, how NEU3 affects
tumorigenesis in vivo is unknown. Since we previously generated
transgenic (TG) mice by introducing a human NEU3 cDNA,(21)

in this study we examined the occurrence of ACF induced by
AOM in human-NEU3 TG mice to explore the role of NEU3 in
colon carcinogenesis.

Materials and Methods

Animals. We previously generated human NEU3 TG mice
(DAB/2 × C57BL/6) by introducing a human NEU3 cDNA
under the control of the β-actin promoter.(21) Genomic DNA
isolation and hybridization with a dig-labeled probe were used
to confirm the mouse genotypes. Genetically matched male
wild-type mice and male NEU3 TG mice, 5 weeks of age, were
used in all experiments. The mice were fed an autoclaved
formula diet and water ad libitum under a 12/12 h light-dark
cycle, and they were handled in accordance with the Guidelines
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of the Animal Care Committee of the Miyagi Cancer Center. To
avoid the effect of gene loci disrupted by the inserted transgene,
several different lines were used in this study.

Sialidase activity assays. Protein was extracted from crypt
epithelial cells by sonicating the tissue in modified ristocetin-
induced platelet agglutination (RIPA) buffer (50 mM Hepes
[pH 7.5], 150 mM NaCl, 1% Nonidet P40, 2 mM edetic acid
[EDTA], 7.5 μg/mL aprotinin, 10 μg/mL leupeptin, 10 mM NaF,
2 mM orthovanadate, 0.25% sodium deoxycholate and 2 mM
phenylmethylsulfonyl fluoride [PMSF]). Sialidase activity was
measured with mixed gangliosides (Sigma) as substrate in the
presence of Triton X-100.(22) The sialic acids released were
converted to fluorescent compound with malononitrile and
measured by reversed phase liquid chromatography.(20) Protein
concentrations were measured by a dye-binding assay (Bio-Rad
Laboratories). NEU3 expression in the mucosa was also
confirmed by immunoblotting with anti-NEU3 antibody that we
prepared previously.(23)

ACF analysis. AOM (Wako Pure Chemical Industries, Osaka,
Japan) was stored in glass tubes at –20°C until use. Mice were
intraperitoneally injected with AOM in sterile saline solution at
a dose of 15 mg/kg body weight once a week for 6 weeks,(24) as
such mice have been used as ‘a spontaneous tumor progression
model’.(5) Control animals were injected with saline in the same
manner. The mice were killed 4 weeks after the final AOM
injection, and the colon was opened longitudinally, rinsed with
saline solution, placed flat mucosa-side up between sheets of
wet filter paper, and fixed in 10% buffered formalin for 48 h.
The fixed colon was inspected for ACF by staining with 0.2%
methylene blue for 10 min, rinsing with saline, and examining
the mucosa of the colon under a microscope. The crypts in the
ACF were larger than the adjacent normal crypts and had a
thicker epithelium and deformed luminal opening. The mucosa
of 10 mice from each group were examined.

Quantitative reverse transcription-polymerase chain reaction RT-PCR
analysis. Quantitative analysis of endogenous Neu3 was performed
by real-time PCR using a Light Cycler rapid thermal cycler
system (Roche) as described previously.(20) Neu3 primers
were 5′-CTCAGTCAGAGATGAGGATGCT-3′(forward) and
5′-GTGAGACATAGTAGGCATAGGC-3′(reverse).

Western blot analysis. Mucosal lysates obtained as described
above were clarified by centrifugation at 10 000 g for 10 min and
then resolved on 10% sodium dodecyl sulfate – polyacrylamide
gel electrophoresis (SDS-PAGE). After transfer to a polyvinylidene
difluoride membrane, the membrane was blocked with 1% BSA
in TBST and incubated with primary antibodies. Bound antibodies
were visualized by using the appropriate peroxidase-coupled
secondary antibodies with ECL detection (Amersham Bioscience).
Antibodies for Akt, phospho Akt (Ser473), p44/42 MAPK, phospho
p42/44 MAPK (Thr202/Tyr204), phospho EGFR (Tyr845) and cleaved
caspase 3 (Asp175) were obtained from Cell Signaling Technology,
anti-PCNA and anti-EGFR antibodies from Santa Cruz
Biotechnology, and anti-Bcl-xL antibody from BD Bioscience.
For the detection of Bcl-xL in the mitochondria, mitochondrial
fractions of mice mucosa were prepared using the Mitochondria
Isolation Kit (Sigma). Efficacy of the extraction in each sample
was compensated by fluorophore JC-1 staining assay.

Immunohistochemistry. To assess cleaved caspase-3 and Ki-67
expression, fixed colon tissue was embedded in paraffin, pretreated
for antigen recovery by heating in 0.01 M citrate (pH 6.0) in a
microwave oven, and incubated with anti-cleaved caspase 3 anti-
body (Cell Signaling Technology) and anti-Ki-67 antibody (Dako
Cytomation). Signal-positive cells were counted under microscope.

Thin layer chromatography. Glycolipids were extracted from
colonic mucosa as described elsewhere,(16) fractionated by thin
layer chromatography on HPTLC plates (Baker, Phillipsburg,
NJ, US) in chloroform/methanol/H2O (60:35:8, v/v/v), and
visualized with orcinol-H2SO4. For the confirmation of GM3

changes, immunostaining of thin layer chromatography was
performed using monoclonal anti-GM3 antibody (M2590, Nippon
Biotest, Tokyo, Japan) and avidin-biotin immunoperoxidase
staining kit (Vector).

Statistical analysis. Results are expressed as means ± SD. The
differences between the data from the experimental groups were
analyzed for statistical significance by Student’s t-test or Welch’s
t-test.

Results

Increased ACF formation in NEU3 TG mice. In comparison with
the mucosa of the wild-type mice expressing endogenous
murine Neu3 sialidase, a 33-fold increase in sialidase activity
was found in the NEU3 transgenic colon mucosa (Fig. 1a), when
assayed with gangliosides as substrates. The sialidase activity
level was comparable to those in other tissues previously
reported.(21) Such an increase in sialidase activity is possible to
occur actually in vivo, because we previously discovered NEU3
expression levels to be increased by 3- to 100-fold in human
colon cancer tissues compared to adjacent non-tumor mucosa.(15)

NEU3 expression was confirmed by Western blotting (Fig. 1a).
The TG mice grew normally and no spontaneous tumorigenesis
was detected in any of their tissues. No significant differences
in mortality or behavior were observed in the wild-type mice or
TG mice after the AOM injections. AOM was injected for 6
weeks, and 4 weeks after the final AOM injection, the mucosa
of the entire colon was stained with methylene blue solution
to evaluate ACF formation. Few ACF were observed in the
wild-type mice or TG mice that were not injected with AOM.
After AOM injection, most of ACF consisted of 1–3 small
crypts, together with only a few lesions that contained ≥4 crypts,
were detected in the mice. As shown in Fig. 1(c), the TG
mice injected with AOM showed a larger number of ACF in
comparison with the wild-type mice with AOM (9.0 ± 3.8
ACF/colon in the wild-type and 22.2 ± 7.9 ACF/colon in the
TG mice; P = 0.010). The average number of crypts in the ACF,
on the other hand, was almost the same in both groups (1.9 ± 0.3
in the wild-type mice and 2.0 ± 0.3 in the TG mice). Typical
ACF in methylene-blue stained sections are shown in Fig. 1(b).
No difference in the distribution of the ACF was observed
throughout the colon. To know whether endogenous Neu3 is
involved in ACF formation, Neu3 mRNA levels in the colon
mucosa were estimated at 4 weeks after final AOM injection.
Endogenous Neu3 levels were significantly increased in AOM-
treated mucosa of wild-type mice, compared to those with saline
treatment (Fig. 1d). Colons were opened 15 weeks after the
final injection to examine them for tumor progression.
However, there were few tumors in either the wild-type or
TG mice, because of low susceptibility of C57BL6 mice to
tumor induction by AOM. It is probably due to modest
hepatic metabolism for chemical carcinogens, including
lower expression of cytochrome P450 that converts AOM to
methylazoxymethanol.(5,25)

Suppression of apoptosis in NEU3 TG colonic mucosa. To explore
the mechanism of increased ACF formation in the AOM-injected
NEU3 TG mice, we investigated signaling pathways involved in
activation of cell survival and proliferation during AOM-induced
tumorigenesis. We first examined whether NEU3 TG mice
changed EGFR phosphorylation after AOM treatment, because
a recent report has described EGFR signaling as one of the
crucial pathways in ACF formation.(4) Western blot analysis of
the colonic mucosa after the series of six AOM injections showed
a marked enhancement of EGFR phosphorylation in TG as
compared with wild-type colon mucosa (P = 0.0007, shown in
Fig. 2a). When Akt and ERK, downstream of EGFR signaling,
was examined, Akt phosphorylation level in the TG mice was
significantly higher than that in the wild-type mice (P = 0.002)
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(Fig. 2b), and the level of phosphorylated ERK1/2 was also
higher in the TG mucosa (P = 0.04) (Fig. 2c). However, in the
saline-injected groups the phosphorylation levels of both signals
were hardly changed by NEU3 overexpression. The above
changes are consistent with other reports that ACF formation in
AOM-treated animals is accompanied by increased phosphory-
lation of Akt and/or ERK1/2,(26,27) and suggest that the increased
ACF formation in the TG mice is attributable to suppression of
apoptosis and/or stimulation of cell proliferation via activation
of EGFR and the subsequent Akt and ERK pathways. When
ERK phosphorylation levels were examined also in the sites of
ACF, ERK activation was clearly detected by immunohistological
analysis (data not shown).

To understand further how the ACF increase arose, cell pro-
liferation was assessed on the basis of PCNA and Ki-67 expression.
After the AOM injections, the mucosal PCNA levels of the TG
mice and the wild-type mice were almost similar, as measured
by Western blotting (Fig. 2d), and the level of Ki-67 expression
at the base of the crypts assessed by histochemical analysis was
unaffected by NEU3 overexpression (data not shown). Apoptosis
suppressors, including Bcl-2 or Bcl-xL are known to increase
cell survival during AOM-induced tumorigenesis by preventing the
release of cytochrome c.(28) We then investigated mitochondrial
apoptotic signaling, and found that Bcl-xL expression was
increased in the colonic mucosa of the TG mice in comparison
with the wild-type mice (P = 0.03) (Fig. 2e), but the amounts of
cleaved-Bid, a competitor for Bcl-xL and an apoptosis enhancer,
were not different between the two groups (Fig. 2f ). These results
indicate that the suppression of apoptosis via down-regulation of

mitochondrial signaling may be a cause of the increased ACF
induction by AOM in the colonic mucosa of the TG mice.

Apoptosis has been reported to be induced by a single dose of
AOM in rodents and to peak 6 h after injection of a single injection
of AOM in mice: expression of p53-activated p21,(24) after DNA
damage and p53-regulated Bax,(29) are increased in a small
subpopulation of cells with apoptosis morphology at 6 h after AOM
injection. To confirm the occurrence of apoptosis suppression in
the TG colonic mucosa, TG mice were injected with a single
15 mg/kg body weight dose of AOM, and their colons were
examined histologically at 0, 3, 6, and 12 h after the injection.
Immunohistological analysis with anti-cleaved caspase 3 antibody
revealed few apoptotic cells 0, 3, and 12 h after injection in both
the TG and the wild-type mice (data not shown), but numerous
apoptosis-positive cells were detected at 6 h (Fig. 3a), which is
consistent with the reports above. At the base of crypts, apoptotic
cells were observed in just a small subpopulation of colonocytes
in the wild-type mice, but there was a significantly smaller
number of apoptotic cells in the colonic mucosa of the TG mice
than in the wild-type (Fig. 3b) (P < 0.04), and the decrease
in apoptotic cells was accompanied by a higher level of mitochon-
drial Bcl-xL (Fig. 3c) and enhanced phosphorylation of Akt
in the TG mice (Fig. 3d). These results indicate that the
AOM-induced apoptosis was suppressed in the TG mucosa,
and that the decreased apoptotic cells led to promotion of ACF
formation.

We then investigated how NEU3 caused the suppression of
apoptosis in colonic mucosa via alteration of signaling pathways.
NEU3 specifically hydrolyzes gangliosides, and altered glycolipid

Fig. 1. Increased aberrant crypt foci (ACF)
formation in colonic mucosa of azoxymethane
(AOM)-injected human plasma membrane-
associated sialidase (NEU3) transgenic (TG) mice.
(a) NEU3 expression in colonic mucosa of NEU3
TG mice was examined for the sialidase activity
and the protein level. Sialidase activity was
measured with gangliosides as a substrate, and
the protein level was detected by Western
blot analysis with anti-NEU3 antibody in the
NEU3 TG and the wild-type mice. The values are
means ± SD of three independent experiments
each carried out with three animals. (b) The
number of ACF after AOM treatment was signi-
ficantly larger in the NEU3 transgenic than in the
wild-type mice. A total of 10 animals were
examined for ACF formation and ACF were
counted in methylene blue-stained colon. Data
are means ± SD. (c) Methylene blue-stained ACFs
are indicated by arrows in the colonic mucosa of
NEU3 transgenic mice. (d) Endogenous Neu3
mRNA level was estimated by real-time PCR in
the colon mucosa of wild-type mice with or
without AOM treatment. The values are
means ± SD of three independent experiments.
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expression has been demonstrated to influence cell apoptosis
using several types of cells. In our previous observations, lacto-
sylceramide (Lac-cer) rescued cell survival,(15,16,20) and in contrast,
ceramide,(30) or globotriaosylceramide,(20) reduces cell growth,
when they are added to the cell culture. In this context, to
observe how gangliosides undergo alterations by NEU3 overex-
pression in TG colon mucosa, glycolipids from the mucosa were
analyzed by thin layer chromatography (Fig. 4a, left). The inten-
sity of a band corresponding to GM3 was significantly decreased
and a band with mobility similar to Lac-Cer was significantly
increased in the TG mucosa in comparison with the wild-type
mucosa (Fig. 4b, left). These changes were plausible because
GM3 is a good substrate for NEU3 in vitro and Lac-Cer is a
product of desialylation of GM3.(22) Immunostaining with anti-
GM3 antibody after thin layer chromatography confirmed the

decrease in GM3 in the TG mucosa (Fig. 4a, right). These results
suggest that the change in GM3 and Lac-Cer content by NEU3
catalysis may be one of the causes of the increased occurrence
of ACF in the TG mice.

Discussion

In the present study we demonstrated increased AOM-induced
ACF formation in the colonic mucosa of NEU3 TG colon mice,
possibly as a result of suppression of apoptosis via enhancement
of Bcl-xL expression and phosphorylation of Akt and ERK
induced by EGFR activation. This is the first study to report that
NEU3 attenuates apoptosis signaling in vivo. We previously
showed that NEU3 up-regulation suppresses cell apoptosis, and
that the suppression is accompanied by Bcl-2 stimulation in

Fig. 2. Altered phosphorylation and protein
levels of the molecules related to cell prolifer-
ation and apoptosis in azoxymethane (AOM)-
treated human plasma membrane-associated
sialidase (NEU3) transgenic (TG) mouse colonic
mucosa. The phosphorylation levels of epidermal
growth factor receptor (EGFR) (a), Akt (b) and
ERK1/2 (c) and protein levels of proliferating cell
nuclear antigen (PCNA) (d), Bcl-xL (e) and cleaved-Bid
(f) were measured by Western blot analysis.
Quantitative data presented are means ± SD from
5–8 experiments and the values are relative to
those observed in the wild-type mice.
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several colon cancer cell lines,(15) and is associated with Akt and
ERK activation in both HeLa cells,(20) and ACHN human renal
carcinoma cells.(16) Our recent studies also showed that NEU3
enhanced the phosphorylation of ERK via the EGFR/Ras/ERK
pathway in cancer cells.(20) With regard to EGFR signaling in
colonic ACF, other investigators described that expression levels
of EGFR itself and EGFR-related molecules including TGF-α,
CCND1, COX-2, CUGBP2 were up-regulated in human colonic
ACF,(4), and on the contrary, that pan-erb2 inhibitor EGFR
related protein suppressed ACF formation together with the
decrease of EGFR phosphorylation.(31) In line with these previous
results, herein we document activation of EGFR and of its
down-stream molecules, Akt and ERK, in the colonic mucosa of
AOM-injected TG mice. Moreover, endogenous Neu3 level in
the mucosa of wild-type mice was significantly increased by
AOM treatment, indicating that Neu3 is involved in the process
of colorectal carcinogenesis. These results suggest that enhanced
EGFR phosphorylation induced by NEU3 is likely one of the
crucial mechanisms in ACF formation.

Previous reports(24,29) have suggested that deregulation of
apoptosis contributes to the development of AOM-induced
cancer, accounting for the occurrence of apoptosis in colonic
crypts 6 h after an AOM injection followed by rapid decrease of
the apoptotic cells and their restriction to a small population of
colonocytes, associated with stimulation of Bax expression.
DNA damage by AOM is thought to cause p53-induced apoptosis
followed by entailing Bax expression,(29) and that cleaved-Bid
binds to Bax and the Bax then localizes to the mitochondrial
membrane, resulting in cytochrome c release. On the contrary,
Bcl-xL binds to Bax, competing the binding of Bax to the Bid
and suppressing apoptosis. The results of the present study showed
that apoptosis actually occurred at 6 h after AOM injection more
evidently in the colonic crypt of wild-type mice than in that of
the TG mice in which Bcl-xL expression was increased by
NEU3 up-regulation, but the amount of cleaved-Bid did not

Fig. 3. Decreased azoxymethane (AOM)-induced
apoptosis of colonic crypts in human plasma
membrane-associated sialidase (NEU3) transgenic
(TG) mice. (a) Altered expression of cleaved-
caspase 3 in a subpopulation of colonocytes
was observed at 6 h after a single injection of
AOM in the wild (upper) and NEU3 TG (lower)
colonic mucosa by immunohistochemical analysis.
(b) Numbers of apoptotic cells in immuno-
histochemical sections were stained with anti-
cleaved caspase 3 antibody and counted for
colon sections from four different animals. Data
are means ± SD. (c) Mitochondrial fractions were
prepared from colon lysates, and evaluated
mitochondrial Bcl-xL levels by Western blotting.
Quantitative data presented are means ± SD from
three different animals. (d) Akt phosphorylation
levels were assessed in colon lysates at 0 h and
6 h after AOM injection by Western blotting.
Quantitative data are means ± SD from two
different animals.

Fig. 4. Alterations of glycolipids in colonic mucosa of human
plasma membrane-associated sialidase (NEU3) transgenic (TG) mice.
(a) Gangliosides were extracted from colonic mucosa of three different
animals, subjected to thin layer chromatography and visualized with
orcinol/H2SO4 (left panel), as described in MATERIALS AND METHODS.
GM3 changes were confirmed by immuno-staining thin layer chro-
matography using a monoclonal anti-GM3 antibody and an avidin-biotin
staining (right panel). (b) For quantification, experiments were
repeated separately three times and relative intensity of the glycolipid
bands corresponding to Lac-Cer and GM3 was shown in the graph.
Data are means ± SD.
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change. Thus, the majority of the damaged cells are eliminated
by apoptosis, leading to reduction of ACF formation in the
wild-type mice, whereas NEU3-mediated apoptosis suppression
by the induction of anti-apoptotic molecules including Bcl-xL may

cause promotion of ACF formation in TG mice. The mechanism
responsible for suppression of apoptosis by NEU3 up-regulation
is likely to be an accumulation of enzyme products and/or a
reduction of the substrates. The level of GM3, one of the good
substrates for NEU3, was reduced, and Lac-Cer, the product
generated by GM3 desialylation, was increased in the TG mucosa,
although the quantitative data on ganglioside composition in the
site of ACF were not provided. It is likely that these changes are
closely related to the suppression of apoptosis. This idea is not
contradictory to our previous findings in vitro,(20) that GM3
synthase mRNA is up-regulated during induction of apoptosis
and GM3 promotes apoptosis, whereas increased Lac-Cer causes
stimulation of EGFR phosphorylation and suppresses apoptosis
of human cancer cells as described earlier. A possible mechanism
for the increased ACF formation induced by NEU3 overexpres-
sion is summarized in Fig. 5. This may also be supported by
reports,(32–34) that GM3 directly interacts with EGFR and inhibits
EGFR dimerization and phosphorylation. Therefore, desialyla-
tion of GM3 by NEU3 may be essential for ACF formation in
NEU3 TG mucosa. These data indicate that NEU3 plays an
important role in the development of malignancy by suppressing
apoptosis via activation of EGFR, Akt and ERK in vivo as well
as in vitro.
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