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Changes of Tight Junction and Epithelial Cells after
Treatment of Cadmium
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Cadmium (Cd) affects cell proliferation, differentiation, apoptosis and other cellular activities and can cause
numerous molecular lesions that would be relevant to carcinogenesis. The mechanism of adverse effects of Cd has been
poorly understood and, especially on the tight junction. Since there is rare information about the effect of Cd on tight
junction protein, we here investigated whether Cd can alter the localization of the proteins. This study examined Cd
effects on of tight junction (occludin, Z0, and ZG2) using MDCK cell culture.

The change of MDCK cell and tight junction was investigated after treatment of cadmium with phase contrast
microscopy, TEER, cell viability, Transmission electron microscopy and confocal laser microscopy.

After treatment of cadmium, transendothelial electrical resistance decreased with time and concentration dependent
manner. AlamarBlue assay revealed that decreased cell viability also decreased with time and concentration dependent
manner. The tight junction moved down between intercellular spaces with decreased density and the cellular thickness
around cell junctions decreased with increasing concentration and exposure time,of8e®IDCK cells eventually
showed cell death with. Confocal laser microscopy revealed that immunofluorescent reaction of occhidemdZO
Z0-2 decreased. Occludin, ZDand ZG2 were disrupted at tight junction.

These data suggest that after treatment of Cd, increased permeability of MDCK cell monolayer increased. This might
be accompanied with disruption of occludin,-Z@nd ZG2.
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Introduction to gain entry into cells (Olivi et al. 2001). Cd is a com-

ponent of paint, batteries, and other electronic devices

Cadmium (Cd) is a highly toxic metal that can be and a contaminant of metal ores, pesticides, and ferti-
found in food and water in contaminated areas. Cd iglizers. Acute, higHevel exposure to Cd causes da-
absorbed by the gastrointestinal tract and is distributednage to many organs, including lung, brain, kidney,
quickly to the kidney and liver. Because Cd is none-and liver (Bonham et al. 2003). Cd is an environmen-
ssential, it most likely utilizes other metal transporters tal and occupational toxin with no known physiologi-

) — cal function. The wide environmental distribution of
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metal constitute a major source of nonworkplace ex-of neighboring plasma membrane and form TJ barrier
posure to Cd other than exposure from cigarette smo{Martin-Padura et al. 1998, Furuse et al. 1999). Cyto-
king (Satarug et al. 2000, 2003). plasmic tight junction accessory proteins [Zonular
Cd exposure, even at lower levels may contribute tooccludens (ZO), ZO-2, cingulin] connect tight junc-
chronic renal failure (Hellstrom et al. 2001). Prolong- tion to the actin cytoskeleton.
ed urinary Ca loss caused by Cd is sufficient to pro- The mechanism of adverse effects of Cd on the epi-
mote skeletal demineralization, which may lead to thelial cell, especially on the tight junction has been
increases in bone fragility and risk of fractures (Wu et poorly understood. MDCK is extensively studied cul-
al. 2001). Maternal Cd exposure may result in adverseure models of renal epithelial cells derived from cani-
reproductive outcomes (Nishijo et al. 2002). Exposurene distal convoluted tubule epithelial cell. In the pre-
to Cd in early life resulted in rapid weight gain and sent study, we found that Cd disrupted the morph-
early onset of puberty (Johnson et al. 2003). Cd isology and tight junction in MDCK. Since there is rare
thought to be responsible for cancer in lung (Waalkesinformation about the effect of Cd on tight junction
2003), kidney (Hu et al. 2002), breast (Band et al. protein, we here investigated whether Cd can alter the
2002), and prostate and colorectum (Ekman 1999). Cdocalization of the proteins.
causes apoptosis in renal tubular cells in vitro (Alvarez
-Barrientos et al. 2001). It is known that cadmium
interferes with calcium homeostasis, and this could

Materials and Methods

play an important role in cadmium toxicity (Faurskov 1. Materials
and Bjerregaard 1997, Zimmerhackl et al. 1998). Cd is

Transwell polycarbonate membrane inserts-
one of the most toxic testicular toxicants known, be- poly (o

. ) ~_pore) and cell culture plates were purchased from
cause Cd is known to alter the expression of a variety

) Corning Costar (Acton, MA, USA). Cell culture plates
of proteins, from protooncogenes (Hechtenberg et al.

. . . . were purchased from Corning Costar (Acton, MA,
1996) to testicular tighunction proteins (Chung and )
USA). Chamber slides were purchased from Nunk
Cheng 2001).

) ; . . (Roskilde, Denmark). Dulbecco’s minimum Eagle
The tight junction is well developed and functions i
medium (DMEM) was purchased from JBI (Seoul,
Korea). Epithelial volohm meter (EVOM) and elec-
trode (STX2) were purchased from World Precision
Instruments (Sarasota, FL, USA). All other nutrients,
. . . salts, antibiotics and etc. used in culture media were
barrier can be attributed, in part, to the presence of a . . .
purchased from Sigma (St. Louis, MO, USA). Anti-
bodies (mouse anbccludin, rabbit anizO-1, antt
Z0-2, goat antrabbitlgG-FITC, and goat arviinouse
-IlgG-FITC) were purchased from Zymed Laboratories
(San Francisco, CA, USA). MDCK cell was purchas-
ed from ATCC (Manassas, VA, USA).

as barriers between epithelial cells in skin, renal tubu-
lar cells, endothelial cells in brain cortical capillaries
(blood-brain barrier), and testicular Sertoli cells (blood
-Sertoli cell barrier). The occlusive property of the

continuous ring of tight junction between neighboring
cells (Bolton et al. 1998), and delivery of ions and
solutes from blood to brain is limited by the selectivi-
ty of bloodbrain barrier (Rubin and Staddon 1999).

Tight junction is complexes of plasma membrane
proteins connected to the cytoarchitecture via mem-
brane associated accessory proteins. Claudin, copoly-

. i . i . 2. Subculture of MDCK cells

merized occludin, and junctional adhesion molecule

are integral membrane proteins interacting with those MDCK (Madin Darby Carnine Kidney tubular) cell
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was cultured in 15 mL Dulbecco’s minimum Eagle 12, 24 hours).

medium (DMEM) supplemented with 10% fetal bovine

serum 10Qug/mL penicillin/streptomycin, 4pg/mL 5. Assessment of transepithelial electrical
polymyxin B in T-75 flask. After confluence, the cells  resistance (TEER)

were trypsinizied and counted using a hemocytometer.
Total MDCK cells in F75 flask were suspended with
15 mL DMEM containing 10% fetal calf serum, 100
pa/mL penicillin/streptomycin, 45g/mL polymyxin

B, DMSO (5%), aliquoted into 2 mL bottles and stored
in liquid nitrogen for later use. A 18®M stock solu-
tion of cadmium chloride (Cdg)l was prepared and
added to cells cultured in plates.

The MDCK cells were plated on 42ell Transwell
inserts. The resistances of monolayers were monitored
every other day until they reached a steady state. Once
stable resistances were obtained2Q0Q - cn¥), the
cells were treated with CACITEER across MDCK
cell monolayer was measured using EVOM. The
TEER (Q - cm? was obtained from the displayed
electrical resistance on the layout screen by subtrac-
tion of electrical resistance of a collagevated filter
without cells and a correction for filter surface area.

One bottle (2 mL) MDCK cells from liquid nittogen TEER was measured just before adding Ga®id

was rapidly thawed and added to 45 mL of DMEM for after media refresh at time schedules. Measurements
centrifugation (200& g, 10 min). The pellet was dis- Were taken in triplicate (meanSD). Controls were
solved with 15 mL DMEM and counted with hemacy- treated with media without CACITEERs were nor-
tometer. Cell viability was determined by Trypan Malized relative to controls and presented as ntean
Blue exclusion test. MDCK cells were plated at a SD. The results are reported as a percent of control.
density of 5< 10 cells/cnt in 96- or 24well tissue
culture plates, chamber slides, ang B cells/cn?

3. Culture of MDCK cells

6. AlamarBlue assay

on Transwell insert. The culture surfaces of Transwell Viability of MDCKs after treatment of CdGas
inserts were treated with il collagen (SQug/mL). assessed using AlamarBlue assay (Serotec, Kidling-
MDCK cells were cultured DMEM containing 10% ton, Oxford, UK). Confluent MDCK cells were expos-
fetal calf serum, 10Qg/mL penicillin/ streptomycin,  ad to various concentration of CdChlamarBlue
45pg/mL polymyxin B. The cells were grown ina 37 (final concentration 10%) were added to the culture
°C incubator in 5% C@and 95% room air. The cul- pjates. Controls were treated with media without
ture medium was changed every other day withcqcl, The culture plates were returned to incubator
changing media (DMEM containing 10% fetal calf for 2 nr. The absorbance was measured at wavelength
serum, 10Qug/mL penicillin/streptomycin, and 48/ of 570 nm using Spectra MAX 340 (Molecular Devic-
mL polymyxin B). The growing cells were observed s Sunnyvale, CA, USA). Background absorbance
with phasecontrast microscope (CK2, Olympus, To- measured at 600 nm was subtracted from the 570 nm
kyo, Japan). absorbance (15). Viability was expressed as a per-

centage of control.
4. Cadmium treatment

. . . . . 7. Transmission electrron microsco
Cadmium chloride was dissolved in culture media py

at various concentration from QuM to 100uM and CdCl, was added to Transwell insert 48 hr after the
was treated at culture plate with time interval (3, 6, 9, cells were plated at a density ok30° cells/cnf.

71



— Sang-Jin Lee, Kyung-Yong Kim, Dae-Jin Kim, Yoon-Hee Chung, Sung-Su Kim, Won-Bok Lee, Dae-Yoon Cho, Dong-Suep Sohn —

Cells were exposed to this toxic compound upto 24 hrusing Student's-test < 0.05).

at 37C. Control plates were treated with media with-

out CdC}. After exposure, Transwell inserts were

briefly washed with PBS and fixed in 2.5% gluta-

raldehyde. Insert membranes were removed and post- )

fixed in 1% (v/v) osmium tetroxide. After dehydration 1. Phase contrast microscopy

with a graded series of alcohol concentrations, the Incubating MDCK cells in the presence of CgCl

samples were impregnated with epoxy resins. Thecaused observable cellular changes (Fig. 1). The adver-

ultrathin sections were contrasted with uranyl acetatese effects of CdGlwere dose and time dependent. The

and lead citrate for electron microscopy study. Elec-initial and principal change was distinct demarcation

tron micrographs were taken with a JEXIOCX trans-  of MDCK cells from neighboring cells. The incubation

mission electron microscope (Jeol, Tokyo, Japan). of MDCK cell with CdC}, caused oval shaped cells
and eventually detached the cells from the plating sur-

8. Confocal laser microscopy of MDCK cells faces.

Results

MDCK cells grown on chamber slide (Nunc, Ros-
kilde, Denmark) were exposed to Cd@k previously
described. Controls were treated with media without
CdCl,. After culture medium being removed, mono- The effects of CdGlon TEER were measured in
layer was washed with prewarmed phosphate bufferedMDCK monolayers over 24 hr (Figs. 2 and 3). Blank
saline (PBS, 0.01 M). Cells were fixed with 3% para- collagencoated Transwell inserts were used as an
formaldehyde (in PBS) for 20 min at RT, and permea- indicator of background effects on TEER and showed
bilized with 0.1% TritorX 100 (in PBS) for 10min at  consistency at 1056Q - cn?. The results were ex-
RT. After fixing and permeabilization, monolayer was pressed as a percentage of control. TEER decreased
blocked with 1% bovine serum albumin (BSA)/PBS significantly and reached the bottom level after 9
for 60 min at RT. Confluent monolayers from each hours (1uM). TEER decreased significantly after 3
treatment group were incubated with amttludin (5 hours (5 to 10QM) (Fig. 2A). The fresh media change
pg/mL), anttZO-1 (5pug/mL), or antiZO-2 (5pg/mL) without CdC}, after 10 minutes showed increased
primary antibody for 1 hr at RT. The cells were rinsed TEER (Fig. 2BCD) This suggests that alterations of
with 1% BSA/PBS, followed by incubation with FITC MDCK cell permeability are dependent on the length
conjugated with secondary antibodiesi(BmL) for 1 and severity of CdGl
hr at RT in the dark. The fluorescestained cells
were rinsed three times with PBS before being mount-3. Cell viability analysis of CdCl-treated MDCK
ed with coverglass with 50% glycerBBS and sealed. cells with AlamaBlue assay

Photographs were taken with a confocal laser micro- o )
. . To test the possibility that changes in TEER result-
scope (LSM510 meta, Zeiss, Berlin, Germany).

ed from the death of cells or the subsequent formation
of holes in monolayer, the cell viability was measured
using AlamarBlue assay. The cell viability using
Data are expressed as mea=®D. Differences bet- AlamarBlue Assay was measured at 2 hours later after

2. Assessment of transendothelial electrical
resistance (TEER)

9. Statistical methods

ween mean values were tested for the significanceadding the dye when the reaction was stabilized (Fig.
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Fig. 1.Phase contrast Micrographs of MDCK cells. In control (1A), cell boundaries are not distinct. With increasing concentration and
exposure time after CdCireatment, the cell boundaries became distinct (3BVS hr, 1C: 5uM 9 hr, 1D: 10uM %hr, 1E: 25
uM 9 hr, 1F: 25M 12 hr). 100 .

3A). CdC}, concentration of 0.ftM (24 hr) and JuM the control. CdGJl concentration of iIM and more
(9 and 24 hr) decrease cell viability as compared togreatly decreased the cell viability (Fig. 3B).
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Fig. 3.Percentage of cell viability of MDCK cells after CdCI
20 treatment using AlamarBlue assay. 3A: The cell viability
was stabilized and measured at 2 hr after adding dye. 3B:
o . . ) . . Treatment of CdGlshows significant decrease in viability
0 3 6 9 12 24 at 0.1uM (24 hr), 1uM (9 and 24 hr), 5 100uM (3~24
Time (hours) hr) when compared with control level. Data are shown as
| oContinued (10pM) = Refreshed (at 3 hr)| mearntSD with *P< 0.05 (n=5).

Fig. 2.CdCl-induced transendothelial electrical resistance
(TEER, Q- cr?) in MDCK celll monolayer measured 4. Transmission electron microscopy
with EVOM. 2A: Significant decrease in TEER aul¥l

(9 hr) and 5-100pM (3~ 24 hr) with dose and time The ultrastructure of control MDCK cell represent-

dependent pattern. 2BC: Fresh media replaced after 10 . . . L .
min increased TEER. Data are shown as gD with ed uniformly thick cells between which distinct tight

*P<0.05 (n=5). junction at apical cytoplasm (Fig. 4AB). The tight
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junction moved down between intercellular spacesTsukita and Furuse 1999). In addition, zonular occlu-
with decreased density (Fig. 4CE) and the cellulardens proteins (Z€l, 2, 3) are important molecules
thickness decreased (Fig. 4DE) with increasing con-regulating barrier functions (Denker and Nigam 1998,
centration and exposure time of CdCrhe MDCK Itoh et al. 1999). This study focuses on its adverse
cells eventually showed cell death with increasedeffect on MDCK tight junction in vitro.

electron density of cytoplasm (Fig. 4F). We studied the effects of Cd on the TEER across
cultured monolayers of MDCK cells. TEER is a useful
5. Confocal laser microscopy for tight junction physiological marker of cell barrier integrity. It is well
proteins known that the establishment of tight junction corre-

lates with development of TEER (GonzaMarisca et

The localization of occludin, ZQ, and ZG2 was .
. i o al. 1985). The resistance between 1@D0Q - cn?
examined after CdGtreatment (Fig. 5). At tight junc- | . .
in our MDCK model is enough to show barrier func-

tion, immunofluorescent staining showed localized

) ) . ) tion as in other model using MDCK cells grown as
immunoreaction of occludin (Fig. 5A), Z0D(Fig. 5E), . .

i i monolayers on polycarbonate filters (Zimmerhackl et
and ZO2 (Fig. 5l) in control MDCK cells. The pro-

) o . ~al. 1998, Raub et al. 1992). The MDCK permeability,
teins were distributed continuously around at the peri- ) )
. . . . measured as TEER, decreased in a -dasd time
phery of MDCK cells in contact with neighboring

L . dependent pattern when monolayers were treated with
cells. After exposure to CdQlith increasing concen-

) ) CdCl, (0.1~100uM). These data indicate that CdCl
tration and times, MDCK cells showed gradual de- . . L .
increases permeability with a similar pattern as seen in

crease in immunofluorescent reaction of occludin (Fig. . ) )
) . ) airway epithelial cells (Chapman et al. 2002) and
5BCD), Z0O1 (Fig. 5FGH), and Ze2 (Fig. 5JKL) in ) ) o
intestinal epithelial cells (Rao et al. 1997).

tight when compared to the control. CdCl, concentration of 0.iM (24 hours) and M
(9, 24 hours) decreased cell viability as demonstrated
Discussion by AlamarBlue assay. |8 or more of CdC/ signifi-
cantly decreased the cell viability in all experimental
Cadmium (Cd), a metal toxin of continuing world- period. These data suggest that Cd decrease cell viabil-
wide concern, is accumulated in the environment dueity with time and dose dependent pattern. In other
to its extremely long hatfife. Its compounds are clas- study using MDCK cell, CdGlchanged the distribu-
sified as human carcinogens. Daily intake of Cd, albeittion of E-cadherin andi-catenin report (Zimmerhackl
in small quantities, is associated with a number ofet al. 1998). But there is no report found that suggests
adverse health effects which are attributable to distinctCd effect on tight junctional protein. In this report,
pathological changes in a variety of tissues and organsCdCl}, effect on alterations of tight junction studied.
Cd affects cell proliferation, differentiation, apoptosis  The ultrastructure of MDCK cell and tight junction
and other cellular activities and can cause numerousepresented that CdGtaused flattening of cytoplasm
molecular lesions that would be relevant to carcino-around intercellular junction and migration of tight
genesis. Besides, Cd is suggested as a strong mutag@mction to basal compartment with decreasing elec-
which induces predominantly multilocus deletions tron density. It is suggested that these ultrastructural
(Filipic et al. 2006). Recent reports have shown thatchanges may decrease the permeability of MDCK cell
occludin plays an important role in maintaining endo- barrier. Under normal condition, tight junctional pro-
thelial or epithelial solute barriers (Hirase et al. 1997, teins are located as a continuous network pattern
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around intercellular space. The fluorescent immuno-the techniques used. In particular, it cannot be clari-
staining showed that CdCtaused gradual loss of fied whether the protein is degraded or whether €dCl
occludin, ZG1, and ZG2 junctional localization. directly effects on tight junction.

It is known that tight junctional proteins response is In conclusion, Cd induces decrease of TEER and
variable by different stress and cell types. The junctio-cell viability with dose and time dependent pattern,
nal localization of these proteins is no longer observedoss of occludin, flattening of cytoplasm around tight
at the region where endothelial cells are not in contactunction, and loss of ZQ, and ZG2 at tight junction.
with one another (Madara et al. 1993, Kevil et al. This study suggests that Cd@iduces increased para-
2000). These disruptions in tight junctional proteins at cellular permeability of MDCK cell barrier that is
cell-to-cell contact sites correlate with increased para-accompanied with loss of occludin, ZDand ZG2.
cellular permeability (Kevil et al. 2000, Mark and Because tight junctional proteins appear at times to be
Davis 2002). cell-specific and stimulargpecific, much remains to

Occludin with a molecular mass of approximately be studied concerning the direct role, signaling path-
65 kDa has Nsland COOH termini in cytoplasm with  ways and genes that are affected by GdEulrther
two extracellular loops projecting into paracellular studies are needed to elucidate how Ggbduced
space (Denker and Nigam 1998). Three membraneby various diseases affect the role of tight junction.
associated guanylate kinasike homologues Therapeutic strategies aimed at controlling the func-
(MAGUKSs, Z0-1, Z0O-2, and ZQ3) have been identi- tion of tight junction by intervening Cdginediated
fied as component of TJs (Mitic and Anderson 1998). changes have wide applicability in health science.
Members of this MAGUKs family are often found at
the site of celto-cell contact and may function to
couple extracellular signaling pathways with the References
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Legends for figures

Fig. 4. Transmission electron micrographs of MDCK cells cultured oqut4ore Transwell inserts. The tight junctions (Arrows) are
found apical side of intercellular junction between thick MDCK cells (Fig. 4AB). The tight junction moved down between
intercellular spaces with decreased density (Fig. 4CE) and the cellular thickness decreased (Fig. 4D) with increasingoconcentrati
and exposure time of CdCIThe MDCK cells eventually showed cell death with increased electron density of cytoplasm (Fig.
4F). (4C: 5uM 3 hr, 4D: 5uM 3 hr, 4E: 1QuM 6 hr, 4F: 10QM 12 hr). Bars equal im.

Fig. 5. Immunofluorescent staining showing occludin¥), ZO-1 (E-H), and ZQ2 (I-L) protein localization in MDCK cells after
treatment of CdGI Immunofluorescent staining showed localized immunoreaction at tight junction of controls (AEID). After
exposure to CdGhwith increasing concentration and times, MDCK cells showed gradual decrease in immunoflurescent in tight
junction (5BFJ: 3uM 6 hr, 5CGK: 1QuM 6 hr, 5DHL: 25uM 12 hr). 400x .
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Control 5uM 6 hr 10uM 6 hr 25uM 12 hr

Occludin

Z0-1

Z20-2

Fig. 5

81



— Sang-Jin Lee, Kyung-Yong Kim, Dae-Jin Kim, Yoon-Hee Chung, Sung-Su Kim, Won-Bok Lee, Dae-Yoon Cho, Dong-Suep Sohn —

Korean J Phys Anthropol
20(1): 69 ~ 82, 2007

AFE =g Az 34, B3 AlZAPE Sl e F &S ARG vtEEe] 2T A O
A QWA sheom, 53] Ao gHel daiME v A A gk T2jEE o] dFeME Tt=Fe AT =E
™ol gatel] g Aol gt JefE Akt e

MDCK A Zufjfoll A =88 FoIstz $1742H8n] 4, TEER M ZAEE, F24d o4 An|A, T 0
< o]gste] wiekHlZel A o] &-0] WEE st

7h=gE Foishl TEER7} 2t4s gl om, AlamarBlue Assayd 7}, oI A] Al £2] AEFo] = etk AL ol
e AzAteldAA ol 2 o]fdhdA AU ws} Wolxon, b Az} AT Kool U H=E-] F
AZb Fadtde. HEH ez A=z Apde] deZle ddvh A Adn A E B3 AFF A,
occludin, ZO1, ZO-2¢] WFPure-e ztisty 7R Ake
ol ul#ste] eyt

oj2i3 Az HH, 7t=gE& FojstH MDCK M ZAYeA F3pd o] Z7hE 1, o] AL Ado| s FA43)
+= occludin, ZO1, ZO-2 2] W3l o= 7oz welo

2

FolE7y| ot : MDCK A=, 7F=48, %™ ]33, Occludin, ZO1, ZO-2

TAAA 54 (B T oS et o) setmal)

249 : skull@cau.ac.kr

82



