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Abstract

Problem—Endogenous digitalis-like factors (EDLF) inhibit sodium pump Na* / K*ATPase
activity, and maternal EDLF levels are elevated in preeclampsia (PE). This study determined
whether digoxin immune Fab (DIF) could protect endothelial cells (ECs) from EDLF-induced
endothelial barrier dysfunction.

Method of study—ECs were treated with escalating doses of ouabain (a known EDLF) in the
presence or absence of DIF. EC barrier integrity was examined by junction protein VE-cadherin
and occludin expressions. EC permeability was determined by horseradish-peroxidase (HRP)
leakage and transendothelial electrical resistance (TEER).

Results—EC junction protein VE-cadherin distribution was disrupted in cells treated with
ouabain. DIF, but not control 1gG Fab fragment, blocked ouabain-induced decreases in VE-
cadherin and occludin expressions and prevented ouabain-induced HRP leakage and TEER
changes.

Conclusion—DIF protects ECs from ouabain-induced barrier injury, providing evidence of
beneficial effects of DIF on EC function and supporting that Na* /K*ATPase might be a
therapeutic target to ameliorate endothelial dysfunction.
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Introduction

Endogenous digitalis-like factors (EDLFs) inhibit sodium pump Na* /K*ATPase activity,12
which could affect Ca** influx and result in vasoconstriction. During pregnancy, maternal
EDLF levels are increased in women with preeclampsia compared with those of
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normotensive pregnancies.1=3 Although the reason for increased EDLFs in preeclampsia is
not known, it is believed that elevated EDLF levels may contribute to increased
vasoconstriction associated with maternal hypertension and reduced utero-placental blood
flow in preeclampsia.3-> Studies have also shown that digoxin immune Fab (DIF), a
polyclonal DIF, may be beneficial to preeclampsia. DIF has an antihypertensive effect to
reduce maternal blood pressure and increase utero-placental blood flow.4 It could restore
Na* /K*ATPase activity of red blood cells both in humans and in animals.8 Recently, the
DIF Efficacy Evaluation in Preeclampsia (DEEP) clinical trial also found that DIF could
improve renal function in severe preeclamptic patients.’

Increased vascular permeability is an underlying pathophysiology in preeclampsia. Studies
have revealed that marinobufagenin (MBG) could induce vascular leakage in an animal
model and promote endothelial permeability in vitro.8° MBG is an endogenous mammalian
cardiotonic steroid that is involved in the inhibition of sodium pump Na* / K*ATPase.
Increased plasma levels of MBG were also reported in patients with preeclampsia.l® These
observations suggest that inhibition of Na*™ /K*ATPase may promote endothelial
permeability in preeclampsia. To test this, we designed an /in vitro cell culture study and
specifically tested whether ouabain, an EDLF, could disrupt endothelial junction structure
and induce endothelial permeability and whether DIF could protect endothelial cells from
ouabain-induced barrier injury.

Materials and methods

Chemicals, Reagents, and Supplies

Endothelial growth medium (EGM) was purchased from Lonza Walkersville, Inc.
(Walkersville, MD, USA). DIF was provided by Glenveigh Medical LLC. (Chattanooga,
TN, USA). Ouabain, penicillin and streptomycin, phosphate-buffered saline (PBS) and
Hank’s balanced salt solution, sodium phosphate buffer, horseradish peroxidase (HRP, VI-A
type, 44,000 MW), guaiacol, hydrogen peroxide (H,05), and B-actin antibody were from
Sigma Chemical Co. (St. Louis, MO, USA); trypsin/EDTA from Cellgro, Mediatech Inc.
(Manassas, VA, USA); fibronectin from Biomedical Technologies Inc (Stoughton, MA,
USA); collagenase from Worthington Biochemical Corporation (Lakewood, NJ, USA);
monoclonal anti-VE-cadherin antibody from Beckman Coulter Technology, Inc. (Fullerton,
CA, USA); monoclonal anti-occludin antibody from Zymed Laboratories Inc. (South San
Francisco, CA, USA); Cy3 donkey anti-mouse immunoglobulin (IgG) (H + L) fluorescent-
labeled antibody, goat anti-human 1gG, F(ab”)2 fragment and anti-sheep whole serum from
Jackson Immunoresearch Laboratories Inc. (West Grove, PA, USA), and vectashield
mounting medium from Vector Lab Inc. (Burlingame, CA, USA). All other chemicals were
from Sigma unless otherwise noted.

Endothelial cell isolation and culture

Endothelial cells were isolated from human umbilical cord vein (HUVECS) of normotensive
term placentas. Using umbilical cords as a source of endothelial cells was approved by the
Institutional Review Board (IRB) for Human Research at Louisiana State University Health
Sciences Center — Shreveport (LSUHSC-S), LA, USA. HUVECSs were isolated as previously
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described.11:12 Briefly, umbilical cord vein endothelial cells were isolated by collagenase
digestion. Isolated endothelial cells were seeded on to fibronectin-coated culture plates or
flasks and incubated with EGM. Only first passage cells were used in experiments.
Endothelial cells grown on glass cover slips were used for immunofluorescent staining of
endothelial junction protein VE-cadherin; Cells grown on six-well plates or 25-cm? flasks
were used for extraction of total cellular protein for VE-cadherin and occludin expression;
cells seeded on cell culture inserts (8 um pore size) in 24-well plates were used to examine
endothelial permeability.

Immunofluorescent Staining

Endothelial VE-cadherin expression and distribution were determined by
immunofluorescent staining as previously described.13 Briefly, cells grown on glass cover
slips were fixed with 95% ethanol and permeabilized with 0.5% Triton X-100 in 0.3 M
glycine. For staining, fixed cells were incubated with 1% BSA in PBS to block non-specific
binding for 1 hr and then probed with primary monoclonal antibody specific against VE-
cadherin, then followed by Cy3-conjugated secondary antibody. After staining, cover slips
were mounted on slides with vectashield mounting medium and examined by fluorescent
microscope (Olympus 1X71, Tokyo, Japan). Images were captured by a digital camera with
PictureFrame computer software (Uptronics Inc., Sunnyvale, CA, USA) and recorded to a
microscope-linked PC.

Protein Expression for VE-cadherin and Occludin

Endothelial expressions of VE-cadherin and occludin were determined by Western blot.
Total cellular protein was extracted with ice-cold protein lysis buffer containing 50 mM Tris,
0.5% NP40, and 0.5% Triton X-100 with protease inhibitors of phenylmethylsulfonyl
fluoride, dithiothreitol, leupeptin, and aprotinin. An aliquot of total cellular protein (10 ug of
each sample) was subject to electrophoresis (Bio-Rad, Hercules, CA, USA) and then
transferred to nitrocellulose membranes. The membranes were then probed with specific
antibody against VE-cadherin and secondary antibody. The bound antibody was visualized
with an enhanced chemiluminescent (ECL) detection kit (Amersham Corp, Arlington
Heights, IL, USA). The membranes were stripped, blocked, and then re-probed with anti-
occludin antibody and secondary antibody, followed by detection with an ECL detection kit
and exposure to the films. B-actin expression was determined as an indicator of equal
loading for each sample.

Endothelial Permeability Assays

Endothelial permeability was determined by two assays: (i) by measuring HRP leakage
through cell culture inserts and (ii) by measuring trans-endothelial electrical resistance
(TEER) as previously described.1415 For HRP assay, an aliquot of medium collected from
the lower chamber was used for measuring HRP enzymatic activity. Briefly, 25 pL of the
culture medium was added to 860 L of a reaction buffer (50 mM NaH,PO,4 with 5 mM
guaiacol). Each sample was measured in duplicate. The reaction was initiated by adding 500
uL H,0O,. After reaction, the samples were read by a spectrophotometer at 470 nm
(Ultraspec 3000; Pharmacia Biotech, Cambridge, UK). Data was calculated as OD470nm
sample-OD470nm blank and expressed as OD470nm for permeation of HRP across
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transwell filters. For TEER assay, an Endohm™ EVOM endothelial ohmmeter (World
Precision Instruments, Sarasota, FL, USA) was used. TEER was measured in duplicate per
well at each time point. The average reading from duplicated measurements was used for
data calculation. The reading obtained from a blank insert was subtracted to give the net
resistance, which was multiplied by the membrane area to give the resistance in area-
corrected units. The value for endothelial resistance was expressed as Q-cm?, taking into
account the surface area of the filter (0.30 cm?).

Statistical Analysis

Results

Data obtained from HRP and TEER assays are expressed as means * S.E. and analyzed by
analysis of variance (ANOVA) with Student—-Newman-Keuls test as a post hoc test. The
computer software program StatView (Cary, NC, USA) was used. A probability level of P<
0.05 was considered statistically significant.

Ouabain-induced Disruption of Endothelial Junction Structure

We first determined whether inhibition of sodium pump Na* /K*ATPase could disrupt
endothelial barrier structure. VE-cadherin was examined as an indicator of endothelial
junction structure integrity. Ouabain, a plasma membrane sodium pump Na* / K*ATPase
inhibitor, was used as an EDLF. Confluent endothelial cells were treated with ouabain at
different concentrations (100, 200, and 500 nM) for 6 hr. Cells were then fixed, and
endothelial junction adhesion protein VE-cadherin expression and distribution were
examined by immunofluorescent staining. We found that VE-cadherin distribution was
interrupted and revealed as linear or discontinuous pattern compared with the untreated
control cells, which exhibited a continuous and zigzag pattern along the cell border (cell
contact region) (Fig. 1A). Altered VVE-cadherin expression induced by ouabain was further
examined by Western blot. We noticed that ouabain-induced disorganization of VE-cadherin
distribution at cell junction and downregulation of VE-cadherin expression was in a dose-
and time-dependent manner (Fig. 1B).

DIF Restored Ouabain-induced Altered VE-cadherin expression and Distribution in
Endothelial Cells

Ouabain is a Na* /K*ATPase inhibitor. If altered VE-cadherin expression is associated with
Na* /K*ATPase activity, then DIF could potentially protect endothelial cells from ouabain-
induced altered VE-cadherin distribution and expression. To test this, confluent endothelial
cells were pretreated with DIF (100 ug /mL) for 1 hr and then different concentrations of
ouabain (100, 200, and 500 nM) were added to the cultures and cells were continuously
incubated for 6 hr. VE-cadherin distribution was evaluated by immunofluorescent staining.
Our results showed that pretreatment of endothelial cells with DIF could block ouabain-
induced altered VE-cadherin distribution at endothelial junction (Fig. 2A).

The ouabain-induced harmful effect and DIF protective effect on VE-cadherin expression
and distribution were further examined by Western blot. As shown in Fig. 2B, VE-cadherin
expression was dose dependently reduced in cells treated with ouabain. In contrast, VE-
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cadherin expression showed no difference when cells were pretreated with DIF. We also
examined occludin expression. Occludin is a tight junction protein in endothelial cells.
Similar to VE-cadherin, occludin expression was also dose dependently reduced in cells
treated with ouabain and the ouabain-induced downregulation of occludin was no longer
present in cells pretreated with DIF (Fig. 2B).

To further determine whether the barrier structural protective effect by DIF is specific via
Na* /K*ATPase, two control antibodies were used to pretreat endothelial cells, goat anti-
human IgG, F(ab")2 fragment, and anti-sheep whole serum (No sheep anti-human IgG, F(ab
)2 fragment is available). Our results showed that both anti-human IgG, F(ab”)2 fragment
and anti-sheep whole serum had no effect to prevent ouabain-induced downregulation of
VE-cadherin and occludin expressions in endothelial cells (Fig. 2C). These results indicate
that the DIF-produced protective effect on endothelial junction molecules is specific via
Na* /K*ATPase.

DIF Protects Endothelial Cells from Ouabain-Induced Increased Endothelial Permeability

Ouabain-induced endothelial barrier injury was further evaluated by examination of
endothelial permeability by measuring HRP leakage and TEER. In the permeability
experiment, ouabain at concentration of 200 nM was used. Confluent cells grown in cell
culture inserts were treated with ouabain with or without addition of DIF in culture. HRP
leakage and TEER were measured at 2, 4, 6, 20, and 24 hr. Results are shown in Fig. 3a,b,
respectively. Cells treated with ouabain showed a time-dependent increased in HRP leakage
and decreased in TEER, which were significantly different from control cells and cells
pretreated with DIF.

Discussion

In this study, we found that digoxin-like factor ouabain could disturb endothelial barrier
structure and induce endothelial permeability as demonstrated by disruption and
downregulation of endothelial junction adhesion protein VE-cadherin and tight junction
protein occludin. Most significantly, we found that DIF, a polyclonal digoxin antibody
fragment, could protect endothelial cells from ouabain-induced endothelial injury in cell
junction structure and permeability. These results indicate that EDLFs exert harmful effects
on endothelial barrier function.

VE-cadherin is a specific endothelial adhesion junction molecule in maintaining endothelial
integrity. VE-cadherin plays a key role in the organization of lateral endothelial junctions,
and the expression of VE-cadherin is required for preservation of the normal barrier
properties of vascular endothelium.1® Occludin is a transmembrane glycoprotein located at
the tight junction. Tight junction is thought to play dual roles in endothelial function by
sealing endothelial junctions to create the primary barriers to the diffusion of solutes through
the paracellular pathway and by serving as a boundary between the apical- and baso-lateral
plasma membrane domains to create and maintain cell polarity.17:18 We previously reported
that disrupted VE-cadherin and occludin expression and distribution at cell junction are
associated with increased endothelial permeability in HUVECs from preeclampsia.l?
Maternal EDLF levels are increased in women with preeclampsia.?3 Thus, the finding of
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disruption of endothelial junction molecules and increase in endothelial permeability
induced by ouabain supports the notion that increased circulating EDLF levels could
contribute to increased endothelial permeability in women with preeclampsia.

Na* /K*ATPase is well known for its role as a maintainer of electrolyte and fluid balance in
cells. The mechanism of action of ouabain involves binding to and inhibition of the plasma
membrane Na* /K*ATPase. Interestingly, recent studies demonstrate that Na* /K*ATPase
could also function as a signal transducer. Ouabain binding to Na* /K*ATPase-induced
signal transduction was found through regulation of protein tyrosine phosphorylation.1®
Ouabain could trigger several protein phosphorylation events including the activation of
mitogen-activated protein kinase signal cascades, mitochondrial reactive oxygen species
production as well as activation of phospholipase C and inositol triphosphate receptor
(IP3R) in different intracellular compartments.1® A study also shows that Na* /K*ATPase
binds Src and mediates Src signaling regulation. Src inhibitor that targets the Na* /
K*ATPase / Src receptor complex could antagonize ouabain-induced protein kinase
cascades.20 The association of Src and VE-cadherin was also reported.2122 [CAM-1-
mediated, Src-dependent endothelial cadherin tyrosine phosphorylation is required for
leukocyte transendothelial migration.?! In the present study, we did not examine ouabain-
induced signal response in endothelial cells associated with increased endothelial
permeability, because activation of Src family kinases and the subsequent phosphorylation
of VE-cadherin have been proposed as major regulatory steps leading to increase in vascular
permeability in response to inflammatory mediators and growth factors.21:22

The most significant finding of our study is the inhibitory effect of DIF on ouabain-induced
disruption of endothelial junction molecules and increased endothelial permeability. DIF is
an antibody made from immunoglobulin fragments from sheep. To test the specificity of DIF
protective effects on endothelial cells, two control antibodies were also used in our study.
One is goat anti-human IgG, F(ab")2 fragment, and the other is anti-sheep whole serum. Our
results showed that both anti-human IgG, F(ab")2 fragment and anti-sheep whole serum had
no effect against ouabain-induced downregulation of VE-cadherin and occludin expression
in endothelial cells, indicating that DIF-produced protective effects on endothelial junction
molecules are specific. As Na* /K*ATPase is the target of ouabain, our data also suggest that
Na*t /K*ATPase activity is upstream of endothelial junction molecule signaling regulation in
endothelial cells. It is very likely that normal functionality of cell membrane Na* /
K*ATPase, the molecular machinery of the cellular sodium pump, is a key regulator in
controlling endothelial junction integrity. Therefore, protection of cell membrane Na* /
K*ATPase from toxic factor-induced injures such as EDLFs is critical for maintaining
endothelial junction integrity. We speculate that Na* /K*ATPase might be a therapeutic
target to ameliorate endothelial dysfunction-associated disorders, such as preeclampsia.

Acknowledgments

This study was presented at the 29th Annual Meeting of the Society for Maternal-Fetal Medicine, February 7-12,
2011, San Francisco, CA, USA.

Am J Reprod Immunol. Author manuscript; available in PMC 2016 December 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

References
1

10

11.

12.

13.

Page 7

. Graves SW, Lincoln K, Cook SL, Seely EW. Digitalis-like factor and digoxin-like immunoreactive

factor in diabetic women with preeclampsia, transient hypertension of pregnancy, and normotensive
pregnancy. Am J Hypertens. 1995; 8:5-11. [PubMed: 7734097]

. Graves SW, Williams GH. An endogenous ouabain-like factor associated with hypertensive pregnant

women. J Clin Endocrinol Metab. 1984; 59:1070-1074. [PubMed: 6092405]

. Lopatin DA, Ailamazian EK, Dmitrieva RI, Shpen VM, Fedorova OV, Doris PA, Bagrov AY.

Circulating bufodienolide and cardenolide sodium pump inhibitors in preeclampsia. J Hypertens.
1999; 17:1179-1187. [PubMed: 10466474]

. Adair CD, Buckalew V, Taylor K, Ernest JM, Frye AH, Evans C, Veille JC. Elevated endoxin-like

factor complicating a multifetal second trimester pregnancy: treatment with digoxin-binding
immunoglobulin. Am J Nephrol. 1996; 16:529-531. [PubMed: 8955766]

. Adair CD, Buckalew VM, Kipikasa J, Torres C, Stallings SP, Briery CM. Repeated dosing of

digoxin-fragmented antibody in preterm eclampsia. J Perinatol. 2009; 29:163-165. [PubMed:
19177044]

. Fedorova OV, Simbirtsev AS, Kolodkin NI, Kotov AY, Agalakova NI, Kashkin VA, Tapilskaya NI,

Bzhelyansky A, Reznik VA, Frolova EV, Nikitina ER, Budny GV, Longo DL, Lakatta EG, Bagrov
AY. Monoclonal antibody to an endogenous bufadienolide, marinobufagenin, reverses preeclampsia-
induced Na / K-ATPase inhibition and lowers blood pressure in NaCl-sensitive hypertension. J
Hypertens. 2008; 26:2414-2425. [PubMed: 19008721]

. Adair CD, Buckalew VM, Graves SW, Lam GK, Johnson DD, Saade G, Lewis DF, Robinson C,

Danoff TM, Chauhan N, Hopoate-Sitake M, Porter KB, Humphrey RG, Trofatter KF, Amon E,
Ward S, Kennedy L, Mason L, Johnston JA. Digoxin immune Fab treatment for severe
preeclampsia. Am J Perinatol. 2010; 27:655-662. [PubMed: 20232280]

. Uddin MN, Horvat D, Childs EW, Puschett JB. Marinobufagenin causes endothelial cell monolayer

hyperpermeability by altering apoptotic signaling. Am J Physiol Regul Integr Comp Physiol. 2009;
296:R1726-R1734. [PubMed: 19386984]

. Uddin MN, McLean LB, Hunter FA, Horvat D, Severson J, Tharakan B, Childs EW, Puschett JB.

Vascular leak in a rat model of preeclampsia. Am J Nephrol. 2009; 30:26-33. [PubMed: 19194101]
. Puschett JB, Agunanne E, Uddin MN. Marinobufagenin, resibufogenin and preeclampsia. Biochim
Biophys Acta. 2010; 1802:1246-1253. [PubMed: 20167272]

Jaffe EA, Nachman RL, Becker CG, Minick CR. Culture of human endothelial cells derived from
umbilical veins. Identification by morphologic and immunologic criteria. J Clin Invet. 1973;
52:2745-2756.

Wang Y, Adair CD, Coe L, Weeks JW, Lewis DF, Alexander JS. Activation of endothelial cells in
preeclampsia: increased neutrophil-endothelial adhesion correlates with up-regulation of adhesion
molecule P-selectin in human umbilical vein endothelial cells isolated from preeclampsia. J Soc
Gynecol Investig. 1998; 5:237-243.

Wang Y, Gu Y, Granger DN, Roberts JM, Alexander JS. Endothelial junctional protein
redistribution and increased monolayer permeability in HUVECS isolated during preeclampsia.
Am J Obstet Gynecol. 2002; 186:214-220. [PubMed: 11854638]

14. Zhang Y, Gu Y, Li H, Lucas MJ, Wang Y. Increased endothelial monolayer permeability is induced

15.

16.

by serum from women with preeclampsia but not by serum from women with normal pregnancy or
that are not pregnant. Hypertens Pregnancy. 2003; 22:121-131.

Zhang Y, Zhao S, Gu Y, Lewis DF, Alexander JS, Wang Y. Effects of peroxynitrite and superoxide
radicals on endothelial monolayer permeability: potential role of peroxynitrite in preeclampsia. J
Soc Gynecol Investig. 2005; 12:586-592.

Lampugnani MG, Resnati M, Raiteri M, Pigott R, Pisacane A, Houen G, Ruco LP, DeJana E. A
novel endothelial-specific membrane protein is a marker of cell-cell contacts. J Cell Biol. 1992;
118:1511-1522. [PubMed: 1522121]

17. Ando-Akatsuka Y, Saitou M, Hirase T, Kishi M, Sakakibara A, Itoh M, Yonemura S, Furuse M,

Tsukita S. Interspecies diversity of the occludin sequence: cDNA cloning of human, mouse, dog,
and rat-kangaroo homologues. J Cell Biol. 1996; 133:43-47. [PubMed: 8601611]

Am J Reprod Immunol. Author manuscript; available in PMC 2016 December 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Wang et al.

18.

19.

20.

21.

22

Page 8

Hirase T, Staddon JM, Saitou M, Ando-Akatsuka Y, Itoh M, Furuse M, Fujimoto K, Tsukita S,
Rubin LL. Occludin as a possible determinant of tight junction permeability in endothelial cells. J
Cell Sci. 1997; 110:1603-1613. [PubMed: 9247194]

Yuan Z, Cai T, Tian J, lvanov AV, Giovannucci DR, Xie Z. Na / K-ATPase tethers phospholipase C
and IP3 receptor into a calcium-regulatory complex. Mol Biol Cell. 2005; 16:4034-4045.
[PubMed: 15975899]

Li Z, Cai T, Tian J, Xie JX, Zhao X, Liu L, Shapiro JI, Xie Z. NaKtide, a Na / K-ATPase-derived
peptide Src inhibitor, antagonizes ouabain-activated signal transduction in cultured cells. J Biol
Chem. 2009; 284:21066-21076. [PubMed: 19506077]

Allingham MJ, van Buul JD, Burridge K. ICAM-1-mediated, Src- and Pyk2-dependent vascular
endothelial cadherin tyrosine phosphorylation is required for leukocyte transendothelial migration.
J Immunol. 2007; 179:4053-4064. [PubMed: 17785844]

. Turowski P, Martinelli R, Crawford R, Wateridge D, Papageorgiou AP, Lampugnani MG, Gamp

AC, Vestweber D, Adamson P, Dejana E, Greenwood J. Phosphorylation of vascular endothelial
cadherin controls lymphocyte emigration. J Cell Sci. 2008; 121:29-31. [PubMed: 18096689]

Am J Reprod Immunol. Author manuscript; available in PMC 2016 December 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 9
A

VE-cadherin

B-actin

0O 05 1 2 4 6

Ouabain (hrs)

Fig. 1.
VE-cadherin expression and distribution in ECs treated with ouabian. (A)

Immunofluorescent staining of VE-cadherin in ECs treated with ouabain. (a) Control cells;
(b) ouabain 100 nM; (c) ouabain 200 nm; and (d) ouabain 500 nm, bar = 20 um. (B) VE-
cadherin expression by Western blot. ECs were treated with ouabain at 100 nm for 0, 0.5, 1,
2, 4, 6 hr. Images and blot are representative from three independent experiments.
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Fig. 2.
Effects of digoxin immune Fab (DIF) on ouabain-treated ECs. (A) Immunofluorescent

staining of VE-cadherin. (a—d) Control cells, cells treated with ouabain at 100, 200, and 500
nM for 6 hr. (al-d1) ECs treated with DIF 100 pg / mL only, DIF + ouabain 100 nm; DIF +
ouabain 200 nm; and DIF + ouabain 500 nm, respectively. Bar = 20 um. Representative
images are from three independent experiments. (B) VE-cadherin and occludin expression
by Western blot. Lanes 1-4 are control ECs, ECs treated with ouabain at 100, 200, and 500
nm for 6 hr; lanes 5-8 are cells treated with DIF alone, and DIF + ouabain at 100, 200, and
500 nm for 6 hr, respectively. Ouabain dose dependently downregulates VE-cadherin and
occludin expression, which could be attenuated by pretreatment of ECs with DIF.
Representative images are from three independent experiments. (C) VE-cadherin and
occludin expression by Western blot. Lanes 1-4 are control ECs, ECs treated with ouabain at
100, 200, and 500 nm for 6 hr; lanes 5-8 are cells treated with goat IgG, F(ab”")2 fragment
alone, and goat 1gG, F(ab”)2 fragment + ouabain at 100, 200, and 500 nm for 6 hr,
respectively. 1gG, F(ab”)2 fragment had no effect on ouabain-induced downregulation of
VE-cadherin and occludin expressions. Representative images are from three independent
experiments.
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Endothelial permeability assays measured by horseradish-peroxidase (HRP) leakage and by
transendothelial electrical resistance (TEER). (a) HRP permeability and (b) TEER. Data are
means from four independent experiments and triplicates in each, *~< 0.05 and **P< 0.01
in ouabain 200 nM treated cells compared with control cells and cells pretreated with
digoxin immune Fab 100 ug / mL + ouabain 200 nm at each time point, respectively.
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