CHAPTER 1V
RESULTS

1. Cellular activation of microglia

A rat microglial cell line HAPI was selected as an in vitro model to study the
effect of iron on the expression of | " s oglia. This particular cell line retains
phenotypic and morphologieal  charac _J primary microglia. These

characteristics include phag an bll -;_ , ' ation to produce and secrete
proinflammatory cytokine®, of macrophage-associated

antigens, and an abili i ; ‘ ly described (Cheepsunthorn

ion of HAPI cells induced
' RT-PCR assay. Markers for
cellular activation includ Tc of mitric oxide synthase (iNOS),

'NF)-o. as previously reported

(Giulian et al., 1986b Rothwelj et et al., 2001) Total RNA from

untreated and LPS-t& ~~-“—--'-"-'"'m""'—‘—\‘ d at 6 h time point and
I

subjected to reverse tr@c : ’ xmrs described in the method

section were used in P l} to amplify fragments of iNOS (311 bp), IL-1B (200 bp),

TNF-ot (659 bﬂ @d ﬂ%ﬁ%@ sulls| debisizated that HAPI cells

responded to LP8lby i increasing the expression of 1NOS IL-1B, an F-at as shown
&P
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2. Cellular iron-loading in microglia

The objective of this experiment was to mimic intracellular iron loading of
activated microglial cells as seen in AD. The expression of iron storage protein ferritin

was selected as an indicator to examine whether an addition of iron into cell culture
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medium was sufficient to induce intracellular accumulation of iron in microglia. This
is because the levels of ferritin in the cytoplasm were directly regulated by the amount
of intracellular iron. Ferritin expression in response to different culture conditions was
determined using rabbit anti-rH ferritin antiserum as previously described
(Cheepsunthomn ef al., 1998). The results were shown in Figure 7. In untreated control
at 6 h, ferritin expression in HAPI cells was undetectable (Figure 7A; lane 1).

Exposure to iron (50 pg/ml) fo to induce the expression of ferritin

in HAPI cells (Figure 7A; S (1 ug/ml) was not enough to

induce the expression o lls were supplemented with
iron during the LPS t robust to that seen for iron

alone. The expressio contrgl beta_acti s similar in all conditions

known as matrix

i

matalloproteinases is assoe phagocyte and generally

accompanied by cellula actxvatlon of m1crogl1a Because the functional activation of

microglia as reﬁnﬂﬂwfﬁ ﬂﬁwlﬁ ﬂ’lﬁ g (Cheepsunthorn er

al., 2001a), this &periment was des1g?ed to examine whether iron could also affect the
secretxﬂownfﬁ ww&%q/} Wcﬂq a ﬂmbed in the
materials§ and methods, HAPI cells were treated with serum-free medium
supplemented with iron (50 pg/ml) or LPS (1 pg/ml) in the presence or absence of iron
for 48 hour. The medium collected from each condition was concentrated and
examined for the secretion of MMP-9 by gelatin zymography. The experiments were
repeated three times and the representative zymogram was shown in Figure 8A. All

samples possessed bands of gelatinolytic activity at 92 kDa corresponding to proform
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of MMP-9. Treatment of HAPI cells with LPS (1 pg/ml, Lane 3) induced the secretion
of MMP-9 more than that seen for untreated control or iron treated alone (lanes 1 and 2,
respectively). However, the greatest expression was observed, when the cells were
exposed to iron during the LPS treatment (lane 4). These results demonstrated that
intracellular accumulation of iron enhanced the secretion of MMP-9 from activated

microglia.

Furthermore, the effec
also examined using an i deljof As described for MMP-9, the

secretion of MMP-2 p ach sample (s -% ee medium with iron or LPS

with or without iron) ‘at 4§ a3 subjedted to gel ‘mography. The experiments

]
#ﬁt;;n of MMP-2 or gelatinase A was

were repeated three timesdndf! ‘| -senfative res efe shown in Figure 8B. All

\;\ corresponding to proform of

samples possessed baflds of pelaginaselacti

A AN
MMP-2. Exposure of f' oblas 'ME the secretion of MMP-2 (lane
19 Jren has

1 and 2). Treatment wat P cnh‘%a ecretion of MMP-2 from fibroblasts as
#,r -

shown in lane 3. The secretion oEMAP-

BT

inished in response to LPS plus iron

(lane 4) compared to, tha - e e secretion of MMP-2

induced by LPS plu ,' “was still | t ¥ Sontrol and iron alone.
‘a v
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activated migroglia.
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activated mlcroglla expressed at least two more types of MMPs in addition to MMP-9.
The first was MMP-10 or stromelysin 2 and the second was MMP-1 also known as
interstitial collagenase (Cheepsunthorn et al., 2001b). Therefore in this set of
experiments, the effect of iron on the expression of MMP-10 and MMP-1 was
examined using a RT-PCR assay. The experiments were repeated three times and the

representative gels were present as shown in Figure 9. At 6 h, the expression of MMP-
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10 and MMP-1 in untreated control cells was minimally detectable (lane 1; A and B).
Treatment of HAPI cells with LPS increased the expression of both MMP-1 and
MMP-1 (lane 2; A and B). However, LPS plus iron decreased mRNA expression of
MMP-10 (lane 3A), but did not alter the expression of MMP-1 compared to that seen
for Ll’S treatment alone (lane 3B). The expression of GAPDH was not effected by any

treatment (C). These results suggested that MMP-10, but not MMP-1, can be regulated

.
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by iron at transcription level.

‘ ' T —————
5. Iron enhances thcy microglia.
Since iron did pef appé: \ \- on of MMP-1, western blot

analysis was performed 46 exémi N thes irt g ence MMP-1 expression at
the protein level. Equal amo ota .‘ rotein from semum free medlg and total cell
lysates of HAPI cells exgosdll ¢ " { onditions at 48 h were collected and
separated on SDS-PAGE. €t _‘_I” , {P-F in both fractions was detected
using a mouse monoclonal ant_i_g MP-1 & . The results were shown in Figure
10. MMP-1 was -:5 ted in all medium sa __;_;-_m-_,,___,n 0A), but not in any cell
L é secretion of MMP-1 from

U

lane 3) compared to that seen for untreated and iron treated

s e 1 Y R e e

LPS on the exprégsion of MMP-1 as shown in lane 4
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6. Intracellular iron loading impairs phagocytic activity of activated microglia.

lysate samples (Flgu OF

HAPI cells (Figure 10

Results in the previous experiments have demonstrated that cellular iron
loading differently influence the expression of MMPs in activated microglia. In this
experiment, the effect of iron on microglial phagocytic activity was further examined.
This is because histological evidences have implicated iron-rich activated microglia as

the converter of diffuse plaques to dense core plaques (Grundke-Igbal er al., 1990:
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Styren et al., 1990; Robinson ef al., 1995). However, It has never been shown whether
cellular iron loading will affect phagocytic activity of activated microglia. To begin the
experiment, HAPI cells were exposed for 24 h to serum free medium containing iron
or LPS in the presence or absence of iron. Cells in serum free medium were served as
control group. Then, the media were removed before the addition of an assay mixture
containing zymosan A and NBT to the cells. At 1 h later, phagocytic activities of
HAPI cells in different condit' /e as described in the materials and
methods. Absorbancy at 570 fim. : i&c activities of the cells in each
o ——

condition. The experimentwas ferformed in diiplicatesand repeated three times with

different cell populatig + SEM of three separate

experiments as show trated that LPS increased
phagocytic activity of APKcdlls { i ‘ i 1, comparison with control, p < 0.05;
0.056, n = 6). Interestingly, LPS
plus iron decreased phagg C , fivate \ (_-§igniﬁcantly in comparison
with LPS, p < 0.05; LPS plds ison=0 4 / ! ovs;ever, exposure to iron alone

did not affect HAPI cell phago v,ﬂ ﬁ_\,u.»l 905; iron = 0.338 £ 0.013).
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Condition untreated control LPS (1pg/ml)

Lane

iNOS

‘Figure 6 LPS induces ghol cxpressiont of i 08, IL-1B and TNF-0. in rat
microglial cells. HAPI cells supplemented DMEM. When

cells reached 80% conﬂue ., tion was decreased to 0% and

grown for 24 h before LPS tr —— , egin the experiment, the medium was

removed and fresh s;ﬁlm free DMEM supp . (1 pg/ml) was added to

s\'- ed as control. Total RNA

the cells. Cells expose i

tion was isolated at 6 h. A volithe of 2 pg total RNA from

il
from cells in each con‘g

- ﬁﬂm N
m"ﬁmw ) ‘i"ﬂi Tf’ﬁ"l’“}”iﬂ‘%l"m‘%f“ .

agarose e experiments were repeated three times. The representative gels were
shown. Bands in lane 1 indicated basal expression of iNOS, IL-1B, and TNF-a in
untreated control cells. Bands in lane 2 shown an increase in expression of iNOS, IL-
1B.and TNF-a induced by LPS treatment. The expression of GAPDH in each sample

was used as an internal control.
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Condition untreated control iron LPS LPS+iron

Lane 1 2 3 4

(A) ferritin b o <4— 21 kDa
(B) beta actin

ey <— 42kDa

F .-!‘ . .
0 ivdn inereases-the expression of intracellular

[] I“?\H"‘ aly
di \\\'\ ;

Figure 7 Exposure of

iron storage protein

these studies to demonstra

ssis of ferritin was included in

add 0 the medium was sufficient to
s, <

induce a change in expression g ;\l age protein. Equal amounts -

(40 pg protein/lane) of tog 11 dysatc d frc m HA PI cells at 6 h exposure time

was separated on 10% bj§-t of 2-mercaptoethanol. Protein

samples were transferred to BV blocked in 5% non fat dry milk for 1 h

at room temperature, washed bated overnight at 4% in primary

1dn. beta actin. Subsequently,

p—

antibodies either rak Oit 2

the membranes we Vo appropriate secondary

r.-

antibodies conjugated ll h HRP for 1 h at room temper ure. Bound antibodies were

g
visualized with ﬁrﬁ ?ItE mwu If;rf]‘ﬂﬁlts demonstrated that
(A) exposure ofs at"a final concentration of 50 pg/ml for 6 h induced a robust
: _ ¢ - v
expres maﬁ ﬂm(m Wﬂﬂﬂ]\ﬂngas seen with
atment lane 4). (

combinedst of iron an B) Beta actin in each sample was used

as an internal control.
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Condition Untreated control Iron  LPS LPS+Iron
Lane 1 2 3 4
4_-
(A) MMP-9 Pakls
(B) MMP-2

<«— 72 kDa

Figure 8 Treatment ne eaSes gelaunase activity of MMP-9 in

activated microglia, i ‘decgeﬂk gelatmase activity of MMP-2 in

e T p‘
containing 1 mg/ml of gelatin suh&&ate penments were repeated three times.

ﬂl.‘

The representative Z)_(inography was shd’wn The resu &og’fhls analysis demonstrated

that LPS 1ncrease“ ¢ HAPI cells (lane 3A).
However, in the plesc;gbe of LPS and iron, the secretldnk of MMP-9 was greater as
shown in lane 4A. (B) Stifulation o ased the secretion of
MMP-2 (lane ?ﬁ cEJ‘r:A ﬁ&r ﬂ] ﬁiﬁﬂjﬂ ﬁatment of fibroblasts

U

with LPS in _the presenc f]f iron ieir ﬁzﬂ ﬂ]}djﬂ e 4B). As it
was ind1 wb:l@l:ﬁ }j EI ;j pared to lane 3.
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Condition  Untreated control LPS  LPS+iron

Lane 1 2 3

(B) MMP-1

(C) GAPDH _ <«— 300 bp.

Figure 9 Iron loading iy i , gla deereased mRNA expression of

KA < I
grown in serum free medium (§emd as ‘ ted control) or serum free medium

medium was removed /Total R r oth u : ] eated cells were isolated

and analyzed by RT- Pd{ using the primer pairs spemﬁc&{)r either MMP-10, MMP-1
or GAPDH. Th i el. The experiments
were repeatedﬁ(ﬁ El %ﬁ}j&?‘es ﬂif-]ﬁ hown The results
demonstrat € express HAPI cells
were m’%lﬁ yjna qﬂ i‘mﬁi& ng'!ated gene expression of

MMP-10 as well as MMP-1 (lane 2; A and B). The effect of LPS on MMP-10

expression was diminished in the presence of iron (lane 3A). However, the presence of
iron had no effect on LPS-induced MMP-1 expression (lane 3B). (C) The expression

of GAPDH, a housekeeping gene, was served as an internal control.
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Condition Untreated Control Iron LPS LPS+Iron

Lane 1 2 3 4

(A) MMP-1 in medium

(B) MMP-1 in cell lysates <— 60 kDa, undetectable

Figure 10 Iron lo s the secretion of MMP-1
ein frorﬁ conditioned media

or cell lysates_-;":':'from H Ana : m blotting for MMP-1. The

non fat dry milk o ;
overnight at 4% inB mouse anti rut mIMP-I. Subsequently, the
membranes were washedfwith TBS and incubadted in the secondary antibody goat anti

mouse HRP c%uﬂ Q moﬂ m\;ﬁam.u:]dﬁltﬁydies were visualized

using chemiluminescent substrate fof HRP. The esentative bl re shown. In
lane 3ﬂ Iﬁ ’ilcasg ﬂ\'li mumnﬁm,ﬂgﬁﬂnhanced the
secretionqof MMP-1 induced by LPS. (B) The expression of MMP-1 in HAPI cell
lysates was undetecable. (C) Beta actin presented in each cell lysate sample was used

as an internal control for (B).
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Figure 11 Intracel i ing dec reases phag ytic activity of activated.
5 ; ] — | \\ 4 .
microglia. In this e _ :x S \\-‘L 5x10° cells/well in 96 well
b 4= ,
plates. To begin the - medium was removed and fresh serum-free
DMEM containing either 'LPS, 504ig/ml \o\ or LPS plus iron was added to

the cells. Untreated cells i ere served as control. After 24 h
treatment, the medxum was_temoyed : : mixture‘ composed of NBT and

zymosan A was add .-—”"mﬂr"wm?-»’:-;‘ in 5% CO, for 1 h. The

w i
reaction was stopped biylincub : aﬁ well was then washed with

absolute methanol three l‘tlmes and left air Gy 120 pl of 2 M KOH and 140 pl of

ov50 vere i 3K BRI G v s 7

nm. The absorbgncy values (mean + SEM) represethagocytlc actWy of HAPI cells.
The rey)dimaniiindd fod TP biboib 3y therdaddd Phheoesib felivicy of AP
cells in c%mparison with control (p < 0.05; LPS = 0.444 + 0.039 and untreated control
=0.359 £ 0.056, n = 6). Interestingly, LPS plus iron significantly decreased phagocytic
activity of activated cells in comparison with LPS (p < 0.05; LPS plus iron = 0.341 +
0.014, n = 6). However, exposure to iron alone did not affect HAPI cell phagocytic

activity (p < 0.00S; iron = 0.338 + 0.013, n = 6).
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