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a control, the Grp78/BiP transcript level was
strongly induced in NIH3T3 cells treated
with tunicamycin (Fig. 2c). The level of
GRP78/BiP protein in skeletal muscle was
also the lowest among the organs tested in
both 2-week- and 22-week-old mice (data
not shown). Additional RNA blot analysis
confirmed that the Grp78/BiP transcript
level was considerably lower in major adult
organs than in whole embryos (Fig. 2d).
Thus, XBP-1 mRNA splicing does not always
correlate with the steady state level of
Grp78/BiP expression. It is possible that
ERAI may report temporal and topographi-
cal stress in specific tissues that does not
involve the Grp78/BiP induction pathway.
Alternatively, Iwawaki et al. may have uncov-
ered a new physiological function for XBP-1
mRNA splicing in adult muscle development
that is unrelated to ER stress or the UPR.

In summary, the contrast between the ERAI
and the Grp78/BiP induction reporter systems
provides new evidence for the complexity of
the ER stress response in vivo, and further
shows that the two models query different
pathways under some physiological settings.
Whereas the ERSE-LacZ reporter may also have
potential pitfalls, such as the possibility of inte-
grating signals not directly related to ER stress,
it could provide a complementary system to the
ERAI model. In view of the divergence of the in
vivo role of the different ER-stress pathways, it
may be prudent to use more than one investiga-
tive assay for monitoring ER stress in vivo. This
is particularly important for drug development

against known targets of ER stress and the
UPR2,3,7 because each assay has its own limita-
tions and potential false positives.
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Figure 2 Analysis of XBP-1 splicing and Grp78/BiP mRNA expression levels in mouse organs. (a) RT-
PCR analysis of XBP-1 mRNA splicing1 in NIH3T3 cells treated with 300 nM thapsigargin (lanes 1–3,
time of treatment in hours is indicated above each lane), and in RNA samples of various tissues of
E11.5 embryos from wild-type (lanes 4–7) and 3kbLacZ (lanes 8–10) mice. (b) Northern blot showing
the expression of the Grp78/BiP mRNA in whole embryo, heart and brain of E11.5 wild-type embryos
(above); 28S rRNA was used as loading control (below). (c) RNA blot analysis of Grp78/BiP mRNA
levels in NIH3T3 cells either untreated (lane 1) or treated with 1.5 µg/ml tunicamycin (lane 2) and in
normal organs of 54-week-old mice (lanes 3–7). (d) Northern blot demonstrating the expression of
Grp78/BiP mRNA in different embryonic stages (lanes 1–3) and adult organs (lanes 4–6). The level of
GAPDH transcripts was determined as loading control for the RNA samples. Tg, thapsigargin; WT,
wild-type; W, whole embryo; He, heart; Br, brain; So, somites; Tuni, tunicamycin; Mu, muscle; Ki,
kidney; Li, liver; Sp, spleen.

Miura replies:
We developed the endoplasmic reticulum
stress-activated indicator (ERAI) system for
monitoring endoplasmic reticulum (ER)
stress in vivo. The system is based on the selec-

tive splicing of XBP1 mRNA by IRE1 during
ER stress. We confirmed that XBP1 mRNA
splicing occurs in several mouse tissues
exposed to ER stressors, including tuni-
camycin and thapsigargin (unpublished
data). At present, it is not known whether
there are factors other than ER stress that can
induce XBP1 mRNA splicing in vivo. We
reported in our original paper that intense
fluorescence signals are detected in the
mature skeletal muscles of the ERAI mice,
which coincide with the splicing of endoge-
nous XBP1 mRNA. In their letter to the edi-
tor, Mao et al. point out that BiP mRNA is
hardly detectable in the skeletal muscles of
challenged animals, and suggest that the splic-
ing of XBP1 mRNA may occur independently
of ER stress in this tissue. Mammalian cells
have three ER stress sensors, ATF6, IRE1 and
PERK. The ERAI system detects the activation
of IRE1 (or unknown RNase), but the endo-
plasmic reticulum stress element (ERSE)-
LacZ system described by Mao et al. is
expected to detect ERSE-mediated ER stress,
which includes the production of activated
ATF6 (and expression of BiP). But it is possi-
ble that endogenous BiP expression is tran-
scriptionally regulated by other transcription
factor(s) that can bind to the outside of the
ERSE. Therefore, we are not surprised by the
different expression pattern of reporters
between the ERSE-LacZ mouse and the ERAI
mouse. The discrepancy between the two
studies clearly indicates that the ER stress
response in mammals is more complicated
than previously thought and some molecules
known as essential components of the ER
stress response pathway may be differentially
used in vivo. Alternatively, some components
of the ER response may be activated inde-
pendently of ER stress in developmental and
pathophysiological processes. We agree that
ER stress in vivo should not only be assessed
by the ERAI system but also by other systems,
including the ERSE-LacZ mouse. Thus, fur-
ther analysis using different in vivo reporter
systems will provide insight into the complex-
ity of the ER stress response in multicellular
organisms.
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