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1. Background and aims of study
1.1. ER stress-mediated apoptosis

Endoplasmic reticulum (ER) is an important site for biosynthesis and modification of secretory
and membrane proteins. It is also the site for Ca** storage and regulation of intracellular Ca®*levels
in response to extracellular signals. Therefore, proper function of the ER is essential to cell survival.
Defective folding and rapid degradation of mutant proteins in ER is one of the causes of diseases
like amyloidosis, cystic fibrosis, diabetes [1], neurodegenerative disorders such as Alzheimer’s
disease and Parkinson’s disease.

Accumulation of unfold proteins in ER stimulates unfolded protein responses (UPRs), including
(a) increased expression of chaperons GRP78 [2], PDI to assist folding (b) increased proteasome
proteins for degradation of malfolded proteins (d) attenuation of protein synthesis: phosphorylation
of elF-2a0 by PERK [3] (c) induction of apopotosis: via caspase 12 gene expression [4] and CHOP
[5].

In this study we tried to compare the gene expression profiles induced by different ER stress
drugs. The drugs include A23187 (Ca** ionophore), tunicamycin (inhibits N-linked glycosylation),
brefeldin A (inhibits protein folding), thapsigargin (inhibits sarco-ER Ca?* ATPase, SERCA),
dithiothreitol (DTT, prevents disulfide bond formation).

In the previous study we have found that in ECV-304 cells after long-termed treatment with low
dose (2.5 pg/ml) tunicamycin, cells survived and became resistance to cytokine-induced gene
expression. In this study we tried to find possible mechanisms for this phenomenon, and to study
the relationship of ER stress responses and anti-inflammation.

1.2. Specific aims:

=  Comparison of gene expression induced by different ER stress inducer drugs, and signal
transduction pathways involved in the gene induction

=  Study the relationship of ER stress responses and anti-inflammation, and the possible
mechanisms involved.

2. Materials and methods
Cell culture

Human leukemia HL-60 (1x 10%per condition) were cultured in RPMI (containingl0%FCS
medium. Cells were then treated 6~24h with ER stress stimuli: thapsigargin (0.5~2.5 uM),
tunicamycin (2.5~10 ug/ml) or brefeldin (2.5~10uM), ionomycin (1.25~5uM), DTT (1.25~5 mM).

Hela cells were treated with two concentrations (2.5 and 10 ug/ml) of tunicamycin or (20 and 40
mM) glucosamine-HCI (a drug used to treat osteoarthritis and has inflammatory effects [6, 7]) for



6h, cells were then left with or without IFN-y (1000 U/ml) for 6h. Gene expression affected by
IFN-y was analyzed by RT-PCR for their gene expression. Inhibitors for protein synthesis
(cyclohexasamide), NFkB (MG-132), and GSK-3B (LiCl) were used to study the mechanisms
involved in the suppressive effect of glucosamine on the IFN-induced IP-10 gene expression.

MRNA isolation and RT-PCR

Poly(A) RNA was isolated from cells using oligo(dT)=-coated polystyrene Dynabeads (Dynal,
Oslo, Norway). RT-PCR was performed to study gene expression. mRNAs of GRP78, CHOP, p21,
IL-8 were analyzed in HL-60 responded to different ER stress inducers. In Hela cells, the effects of
glucosamine on IFN-y-induced genes IP-10, STAT-1, IRF-1 were studied. Polymerase chain
reactions included 5 min pre-denaturation (hot start PCR) at 95°C and then cycles of: 94°C for 45s,
58°C for 45s and 72°C for 80s.

3. Results

3.1. Differential gene expression of HL-60 cells in response to ER stress
inducers

Tunicamycin and thapsigargin induced ER stress-related gene expression, while ionomycin (ion)
did not have such effec. Both thapsigargin and ionomycin increased expression of p21 and IL-8
mRNA, which was not observed in the cells treated with tunicamycin. Interestingly, thapsigargin
induced expression of ER stress related protease 1 (assigned by ERP1 in our lab, new finding),
suggesting its induction is probably regulated via cooperation of ER stress and intracellular Ca**
(Figure 1).

3.2. Anti-inflammatory effects of ER stress drug and glucosamine

In Hela cells both tunicamycin and glucosamine (a drug used to treat osteoarthritis) induced ER
stress genes GRP78 and CHOP, decreased basal IL-8, and suppressed IP-10 that was induced by
IFN-y. STAT-1 and IRF-ImRNA which were increased by IFN-y was not affected by ER stress
drugs. (Figure 2).

IFN-y-induced IP-10 was suppressed by MG132, an inhibitor of NFxB pathway, in a
dose-dependent way. The other two IFN-induced genes IRF-1 and STAT-1 were not significantly
affected by MG-132. (Figure 3). The result suggested that anti-inflammatory effects of ER stress
drugs may act specifically via suppression of NFkB-dependent pathway.

LiCl, a selective inhibitor for GSK-3p, reverted the suppressive effect of glucosamine on basal 1L-8
expression, and enhance the suppressive effect of glucosamine on IFN-y-induced IP-10 (Figure 4).
The results indicated that GSK-3p activation during ER stress is involved in the
glucosamine-caused suppression of IL-8 [8]. GSK-3B is probably not involved in the
glucosamine-caused suppression of IFN-y-induced NF«B activation and IP-10 gene expression.



Cyclohexamide, an inhibitor for protein synthesis, reverted the suppressive effect of glucosamine on
basal IL-8 expression and on IFN-y-induced IP-10 (Figure 5). The results indicated that de novo
synthesized proteins induced during ER stress are required for the suppressive effect of
glucosamine on basal IL-8 and IFN-induced IP-10, which were respectively via activation of
GSK-3p and via suppression of activation of NFxB [9].

4. Conclusions

In this study have found that ER stresses induced 3 groups of genes: classical ER stress genes, Ca**
mediated genes, and genes which are regulated by cooperation of ER stresses and Ca**. ER stresses
may cause activation of GSK-3p and inactivation of NF«B, the later is probably the mechanism for
the anti-inflammatory drugs.

5. Future works

1. We will use CHOP siRNA to identify the pathways and molecules that are involved in the
glucosamine-caused activation of GSK-3p and inactivation of NF«B.

2. We will study the molecular mechanisms of ER stress induced cellular inactivation to cytokines
in HLA-B27 cells, which may be involved in the development of of ankylosing spondylitis.

3. We will study the molecular mechanisms of Chinese herbs with anti-inflammatory effect and
study the relationship of ER stresses and anti-inflammation.
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Figure 1. Differential gene expression of HL-60 cells in response to ER stress
inducers. Tunicamycin (Tun) and thapsigargin (Thap) induced ER stress-related gene
expression, while ionomycin (ion) did not have such effec. Both thapsigargin and
ionomycin increased expression of p21 and IL-8 mRNA, which was not observed in
the cells treated with tunicamycin. Interestingly, thapsigargin induced expression of
ER stress related protease 1 (ERP1), suggesting its induction is probably regulated
via cooperation of ER stress and intracellular Ca2*.
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Figure 2. Effects of tunicamycin and glucosamine on IFN-y-induced gene expression. Hela cells were
pretreated with two concentrations of tunicamycin (Tun) and glucosamine (GIcN) for 6h, IFN-y 1000
U/ml was then added to the medium and treated for 6h. MRNA levels were analyzed by RT-PCR. Both
drugs induced ER stress genes GRP78 and CHOP, decreased basal IL-8, and suppressed IP-10 that
was induced by IFN-y. STAT-1 mRNA which was increased by IFN-y was not affected by ER stress
drugs.
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Figure 3. Effects of NFxB inhibitor MG-132 on IFN-y-induced gene expression. Hela cells were
pretreated with different concentrations of MG-132 for 30 min, IFN-y 1000 U/ml was then added to the
medium for 6h. MRNA levels were analyzed by RT-PCR. The results showed that IFN-y-induced IP-10
was suppressed by MG132 in a dose-dependent way. The other two IFN-induced genes IRF-1 and
STAT-1 were not significantly affected by MG-132.
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Figure 4. Effects of GSK-3p inhibitor LiCl on the suppressive effects of glucosamine in IFN-y-induced gene
expression. Hela cells were pretreated with two concentrations of glucosamine (GIcN, 30 mM) alone or
together with LICK (40 mM) for 6h, IFN-y 1000 U/ml was then added to the medium for another 6h. mMRNA
levels were analyzed by RT-PCR. LiCl reverted the suppressive effect of glucosamine on basal IL-8
expression
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Figure 5. Effects of protein synthesis inhibitor on the suppressive effects of glucosamine in IFN-y-induced gene
expression. Hela cells were pretreated with two concentrations of glucosamine (GIcN, 30 mM) alone or together
with cyclohexamide (CHX, 10 upg/ml) for 6h, IFN-y 1000 U/ml was then added to the medium for another 6h.
mRNA levels were analyzed by RT-PCR. Cyclohexamide reverted the suppressive effect of glucosamine on
basal IL-8 expression and on IFN-y-induced IP-10.



