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Purprosk. Previously, the authors showed that Kif4-conditional
null (KIf4CN) corneas display epithelial fragility. Here, they
investigated the mechanism by which Kif4 regulates corneal
epithelial barrier function.

MerHODS. KIf4CN mice were generated by breeding Le-Cre
with Kif4-LoxP mice. Fluorescein staining was used to test the
corneal barrier function. RT-PCR, immunoblots, and immuno-
fluorescence were used to detect the expression of cell junc-
tional proteins. The effect of KIf4 on promoter activities was
measured by transient cotransfection assays. Trans-epithelial
electrical resistance (TEER) was used to measure the barrier-
forming ability of control or anti-KLF4 siRNA-treated cells.

Resurts. Increased fluorescein staining and decreased tight
junction protein Tjpl expression demonstrated that the
KIf4CN corneal epithelial barrier function is defective. Ex-
pression of desmosomal components Dsp, Dsg-la, and
Dsg-1b was downregulated in the KIf4CN corneas, and their
corresponding promoter activities were upregulated by Klf4
in transient cotransfection assays. Hemidesmosomal o3- and
B4-integrin levels were not affected even though there were
fewer hemidesmosomes in the Kif4CN corneas. The base-
ment membrane components laminin-a5, -a3, -B3, and -81-1
were downregulated, suggesting that the disrupted base-
ment membrane is responsible for fewer hemidesmosomes
in the KIf4CN cornea. Tight junction proteins OCLN1 and
TJP1were downregulated in anti-KLF4 siRNA-treated cells,
which failed to develop epithelial barrier function as mea-
sured by TEER.

Concrusions. Klf4 contributes to corneal epithelial barrier func-
tion by upregulating the expression of functionally related
subsets of cell junctional proteins and basement membrane
components. (Invest Ophthalmol Vis Sci. 2011;52:1762-1769)
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he transparent cornea, the anterior-most refractive ocular

tissue comprising an outer stratified squamous epithelium,
an inner monolayered endothelium, and a central collagenous
stroma sparsely populated by keratocytes, is critical for clear
vision.! The corneal epithelial barrier defends the eye against
chemical, biological, and physical insults from the environ-
ment.” Loss of corneal epithelial barrier function is associated
with debilitating ocular surface disorders such as dry eye,
ocular cicatricial pemphigoid, and Meesmann’s dystrophy.®

The mouse corneal epithelium consists of approximately 8
to 10 layers of cells derived from the head surface ectoderm.
Even though corneal development begins in the early embry-
onic stages, corneal epithelial stratification takes place after
eyelid opening.*> Different cell-cell junctional complexes exist
at different depths of these layers.® Tight junctions at the
superficial layers are necessary for proper barrier function.””®
Desmosomes in the spinous cell layers, adherens junctions
throughout the different layers, and hemidesmosomes in the
basal cell layers provide structural stability and help resist the
shearing forces in the corneal epithelium.®*'" The gap junc-
tions in the basal cell layers allow intercellular communica-
tions, synchronizing cellular responses in facilitating quick
wound healing.'> Proper expression of each of these cell
junctional components is essential for the corneal epithelial
structural integrity.

Development of the corneal epithelial barrier function is
regulated at multiple levels, starting with gene expression.
Although different transcription factors have been identified as
involved in epidermal, intestinal, and alveolar epithelial barrier
formation, information regarding the role of gene regulation in
corneal epithelial barrier formation is scant.'*~'> Even though
many previous studies have explored the role of diverse tran-
scription factors such as Pax6, AP2-alpha, HMGN1, basonuclin,
Sp1, AP1, NF1, Octl, and p300 in the cornea, relatively few of
them focused extensively on the regulation of epithelial barrier
formation.'®~2! Thus, our knowledge of the role of gene reg-
ulation in development and maintenance of the corneal barrier
function remains incomplete.

Serial analysis of gene expression identified the highly ex-
pressed transcription factors in the mouse cornea.?? Chief
among them was Kif4, a member of the conserved family of
Kriippel-like factors (KLFs) that regulates a wide array of events
including cell proliferation, differentiation, maintenance of plu-
ripotent stem cells, development, and apoptosis.”® Kif4-null
mice develop normally until birth but die within 15 hours after
birth by dehydration caused by defective epidermal barrier
function.?* The Kif4 conditional null (KIf4CN) mice derived by
mating Kif4-LoxP*® with Le-Cre*® mice develop multiple ocular
defects including corneal epithelial fragility, stromal edema, a
smaller, vacuolated lens, and loss of conjunctival goblet cells.*”
We have identified the changes in gene expression underlying
the KIf4CN corneal phenotype by comparing the gene expres-
sion patterns of the wild-type and K/f4CN corneas by microar-
ray analysis.”® KIf4CN stromal edema was associated with an
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increase in the stromal collagen fibril diameter and interfibrillar
spacing and with a significant reduction in the stromal pro-
teoglycan levels, brought about by an increase in the matrix
metalloproteinase levels.”” Here we show that KLF4 contrib-
utes to corneal epithelial barrier function by upregulating the
expression of corneal epithelial cell junctional proteins and
components of the basement membrane.

MATERIALS AND METHODS

Conditional Deletion of Klf4 and Measurement of
Corneal Epithelial Permeability Barrier Function
by Fluorescein Uptake

KIf4CN mice were generated on a mixed background by mating
KIf4'**""~F | [e-Cre’~ mice with KIf4'***"*** mice as described earlier.”
Mice studied here were maintained in accordance with the guidelines
set forth by the Institutional Animal Care and Use Committee of the
University of Pittsburgh and the ARVO Statement for the Use of Ani-
mals in Ophthalmic and Vision Research. Corneal epithelial permea-
bility was tested by instilling a drop of 1% sodium fluorescein solution
on the surfaces of wild-type or KIf4CN eyes, rinsing with PBS after 1
minute, and photographing under UV light. All studies reported here
were performed with 8- to 10-week-old adult mice.

Immunoblots and Immunofluorescence

Equal amounts of total protein extracted by homogenizing dissected
corneas in urea lysis buffer (8.0 M urea, 0.08% Triton X-100, 0.2% sodium
dodecyl sulfate, 3% [B-mercaptoethanol, and proteinase inhibitors) and
quantified by the bicinchoninic acid method (Pierce, Rockford, IL) were
electrophoresed in sodium dodecyl sulfate-polyacrylamide gels, trans-
ferred to polyvinylidene difluoride membranes, and subjected to immu-
noblot analysis. Mouse anti-TJP1 (Zymed Laboratories, Carlsbad, CA),
rabbit anti-occludin, anti-desmoglein, anti-desmoplakin (Santa Cruz Bio-
technologies, Santa Cruz, CA), and anti-actin antibody (Sigma Chemical
Company, St. Louis, MO) were used as primary antibodies at 1:500,
1:2000, 1:500, 1:500, and 1:2000 dilution, respectively, in PBST. Horse-
radish peroxidase-coupled anti-rabbit immunoglobulin G (Amersham Bio-
sciences, Piscataway, NJ) was used as a secondary antibody at a 1:2500
dilution. Immunoreactive bands were visualized by chemiluminescence
using Super Signal West Pico solutions (Pierce).

For immunofluorescence, 10-um-thick cryosections from OCT-em-
bedded eyeballs were fixed in freshly prepared buffered 4% paraform-
aldehyde for 30 minutes, blocked with 10% sheep serum in PBST for 1
hour at room temperature in a humidified chamber, washed twice with
PBST for 5 minutes each, incubated with a 1:100 dilution of the
primary antibody for 1 hour at room temperature, washed thrice with
PBST for 10 minutes each, incubated with secondary antibody (Alexa
Fluor 555-coupled goat anti-rabbit IgG antibody; Molecular Probes,
Carlsbad, CA) at a 1:300 dilution for 1 hour at room temperature,
washed thrice with PBST for 10 minutes each, mounted with antifade
reagent with DAPI (Prolong Gold; Molecular Probes), and observed
with a fluorescence microscope. All images presented within each
composite figure in this manuscript have been processed in a similar
manner using image editing software (Photoshop or Illustrator; Adobe,
Mountain View, CA).

Reporter Vectors, Cell Culture, and Transient
Transfection Assays

Mouse genomic DNA was used to amplify different promoter frag-
ments cloned upstream of the luciferase reporter gene (pGL3-Basic
Vector; Promega, Madison, WI) to generate the reporter vectors. The
sequence of oligonucleotide primers used for PCR is given in (Supple-
mentary Table S1, http://www.iovs.org/lookup/suppl/doi:10.1167/
i0vs.10-6134/-/DCSupplemental). Full-length KIf4 in pCI-KIf4 was tran-
siently expressed using the CMV promoter. Human skin keratinocyte
NCTC cells were grown in Dulbecco’s modified Eagle’s medium
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(DMEM) supplemented with 10% fetal bovine serum, penicillin, and
streptomycin at 37°C in a humidified chamber containing 5% CO, in
air. Simian virus SV40-transformed human corneal epithelial (HCE)
cells were grown at 37°C in DMEM/F-12 (1:1) supplemented with 10%
fetal bovine serum, 0.5% (vol/vol) dimethyl sulfoxide, cholera toxin
(0.1 pg/mL), epidermal growth factor (10 ng/mL), insulin (5 ug/mL),
and gentamicin (40 pug/mL) in a humidified chamber containing 5%
CO, in air. Mid-log phase cells in 12-well plates were transfected with
0.25 g pDsgla-Luc or pDsglb-Luc or pDsp-Luc, along with 10 ng
PRL-SV40 (Promega; for normalization of transfection efficiency) and
0.25 pg pClI or pCI-KIf4, using 1.5 pL transfection reagent (FuGENE 6;
Roche Molecular Biochemicals, Indianapolis, IN). After 2 days, cells
were washed with cold PBS and lysed with 500 uL passive lysis buffer
(Promega). The lysate was clarified by centrifugation, and 50 ug pro-
tein in the lysate was analyzed using a dual-luciferase assay kit (Pro-
mega) and a microplate luminometer (Synergy-II; Biotek Instruments,
Winooski, VI). The measurement was integrated over 10 seconds,
with a delay of 2 seconds. Results from at least three independent
experiments, normalized for transfection efficiency using the SV40
promoter-driven Renilla luciferase activity, were used to obtain mean
promoter activities, and standard deviation (SD). Fold-activation was
determined by dividing mean promoter activity by the promoter activ-
ity without added pCl/pCI-Kif4.

Development of HCE Cell Lines Stably
Transfected with Control or Anti-KLF4 siRNA and
Measurement of Trans-epithelial

Electrical Resistance

HCE cells transfected with linearized vectors expressing control or
anti-KLF4 siRNAs under the control of the U6 promoter were selected
by G418 for 15 days. G418-resistant individual clones were further
expanded and tested for the expression of KLF4 by qRT-PCR. Anti-
KLF4 siRNA-treated clones in which KLF4 expression was suppressed
by >70% compared with wild-type or control siRNA-treated clones
were selected and used in experiments reported here. For measure-
ment of trans-epithelial electrical resistance (TEER), wild-type, control,
or anti-KLF4-siRNA-transfected HCE cells were grown to a confluent
stage on permeable supports (pore size, 0.4um, surface area, 1.13 cm?;
Transwell [Corning Costar Inc. Corning, NY]), starting at a density of
10° cells/cm®. TEER was measured every 24 hours for 15 days using a
commercially available electrode chamber (EndOhm-12; World Preci-
sion Instruments, Sarasota, FL) and epithelial voltohmmeter (EVOM;
‘World Precision Instruments). Background electrical resistance, includ-
ing filter and medium, was constantly low (20 /cm?) and was sub-
tracted from the experimental values. TEER was expressed as (}/cm?.

RESULTS

KIf4CN Corneal Epithelial Fragility and Loss of
Barrier Function

Previous histologic examination as well as transmission and
scanning electron microscopic examination suggested that
KIf4CN mice display corneal epithelial fragility.>” To more
directly test the effect of deletion of KIf4 on corneal epithelial
barrier function, we stained the wild-type and KIf4CN eyes
with sodium fluorescein. The sodium fluorescein dye pene-
trated the KIf4CN corneas more than the wild-type corneas,
consistent with the KIf4CN corneal epithelial fragility and loss
of barrier function (Fig. 1A).

Tight junctions, normally present in the most superficial cell
layers in stratified squamous epithelia, are responsible for
the epithelial barrier function.?® In view of the extensive
desquamation observed, we expected the superficial cell
layers to be missing and consequently the tight junctions to
be significantly downregulated in the KIf4CN cornea.”” In-
deed, immunoblots demonstrated that the expression of Tjp1 (ZO1),
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FiGURE 1. Loss of KIf4CN corneal epithelial barrier function.
(A) KIf4CN corneas are fluorescein stained more intensely than the
wild-type counterparts, indicating a loss of barrier function. (B, left)
Immunoblot with anti-Tjpl antibody shows that the tight junction
protein Tjp1 is downregulated in the KIf4CN cornea. Right: the Tjpl
blot was stripped of the primary antibody and reprobed with anti-actin
antibody to ensure that equal amounts of protein were loaded in both
lanes. Reactive bands in the expected position are indicated in both.
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FIGURE 2. Immunoblots showing downregulation of desmoglein and
desmoplakin in the KIf4CN cornea. (A) Immunoblot of the wild-type
and Kif4CN whole corneal extract probed with anti-Dsp antibody.
(B) The blot in (A) was stripped of the primary antibody and reprobed
with anti-Dsg antibody. (C) The blot from (B) was stripped of the
primary antibody and reprobed with anti-actin antibody to ensure
equal loading. (D) Fold change in expression of Dsg, Dsp-I, and Dsp-II
estimated by densitometric scan of the immunoblots in (A-C) after
normalizing for loading differences based on actin levels.

KIf4CN

FiGure 3. Immunofluorescence showing the downregulation of desmoglein and desmoplakin in the
KIf4CN cornea. (A) Wild-type (WT), no primary antibody control. (B) Wild-type corneal section stained
with anti-Dsp antibody. (C) KIf4CN corneal section probed with anti-Dsp antibody. (D) Wild-type (WT),
no primary antibody control. (E) Wild-type corneal section stained with anti-Dsg antibody. (F) KIf4CN
corneal section probed with anti-Dsg antibody. (B) Although the endothelial staining (*) is genuine, it
appears to be an artifact of iridocorneal fusion (which we observed occasionally in KIf4CN eyes) in (C) ().
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a component of the tight junctions, is significantly downregulated,
consistent with the loss of barrier function in KIf4CN corneas (Fig
1B).

KIf4CN corneal Epithelial Desmosomal
Components Are Downregulated

To detect the underlying cause of Kif4CN corneal epithelial
fragility, we examined the expression levels of different junc-
tional proteins in the microarray data for comparison of gene
expression between wild-type and KIf4CN corneas.”® Al-
though most of the adherens junction and gap junction com-
ponents remained unchanged in these corneas, almost all the
desmosomal components were significantly downregulated in
the KIf4CN compared with the wild-type corneas.”® Immuno-
blots with equal amounts of total protein from the wild-type
and KIf4CN corneas probed with anti-desmoplakin (Fig. 2A) or
anti-desmoglein (Fig. 2B) antibody confirmed this reduction.
This blot was stripped of the primary antibody and reprobed
with anti-actin antibody, which confirmed equal loading of
wild-type and KIf4CN corneal lysates (Fig. 2C). Densitometric
scans allowed us to correct for the minor loading differences
between samples and indicated that the levels of desmoglein,
desmoplakin-I, and desmoplakin-II were reduced to 58%, 35%,
and 22% of the wild-type levels, respectively, in the KIf4CN
corneas (Fig. 2D).

To confirm the downregulation of desmosomal compo-
nents, we performed immunofluorescence with wild-type and
KIf4CN corneal sections. Strong Dsg- or Dsp-specific signal was
observed in the wild-type (Figs. 3B, 3E) but not the KIf4CN
corneal epithelia (Figs. 3C, 3F), confirming the significant
downregulation of desmoglein and desmoplakins in the
KIf4CN corneal epithelia. Sections processed in a similar man-
ner without the primary antibody served as negative controls
(Figs. 3A, 3D). Taken together, these results suggest that the
reduced expression of the desmosomal components is respon-
sible for the KIf4CN corneal epithelial fragility and the resul-
tant loss of epithelial barrier function.

KlIf4 Upregulates Mouse Dsg-1a, Dsg-1b, and Dsp
Promoter Activities in Transient
Cotransfection Assays

To test whether Klf4 stimulates the promoter activities of
desmosomal components, we used transient cotransfection
assays in in vitro cultured HCE and NCTC cells. Different
lengths of Dsgla, Dsglb, and Dsp proximal promoter frag-
ments were amplified from the mouse genomic DNA and
cloned upstream of the luciferase reporter gene in pGL3 vec-
tor, as shown (Fig. 4A). On cotransfection with pCI-Klf4,
Dsgla, Dsglb, and Dsp promoter activities were upregulated
6-, 3-, and 4-fold respectively, in HCE cells (Fig. 4B) and 6- to
11-fold, 4- to 6-fold, and 21- to 25-fold, respectively, in NCTC
cells (Fig. 4C). These results establish that Kif4 stimulates the
Dsgla, Dsglb, and Dsp promoter activities and suggest that the
Klf4-responsive elements reside within the —500/+73 bp,
—453/+42 bp, and —529/+49 bp regions of the Dsgla, Dsglb,
and Dsp proximal promoters, respectively (Fig. 4). Consistent
with this, examination of the Dsgla, Dsglb and Dsp proximal
promoters yielded several potential Kif4-binding sites (5" C/T C/T C
C G/A C G/A 3')*" (Supplementary Fig. S1, http://www.iovs.org/
lookup/suppl/doi:10.1167/iovs.10-6134/-/DCSupplemental). Based
on these results, we conclude that KIf4 contributes to corneal
epithelial barrier function by upregulating the expression of
desmosomal components.

Regulation of Corneal Barrier Function by KLF4 1765

A
-1900 473 Firefly Luciferase
Dsgla
-1229 73
—_—
-500 +73
Dsg1b -2093 +42
-1054 142
—_—
-453 142
Dsp 1179 +49
E——
-529 +49
—_—
B
HCE Cells 0 ng pCI-KLF4

50 ng pCI-KLF4
B 250 ng pCI-KLF4

Fold Increase
O P N W B U1 O N

AC ) ooz » R
\X \X \x X \x \° X
:\09@ :{{g IS & & RS ,\'\@ ‘,fb\
Dsg1A Dsg1B Dsp
C
0 ng pCI-KLF4
NCTC Cells 50 ng pCIKLF4
30 M 250 ng pCI-KLF4
(]
&
<
£
o
o
[T

L N2 SN
& X SN N
S P &

Dsg1A Dsg1B Dsp

FIGURE 4. Activation of Dsgla, Dsglb, and Dsp promoters by KIf4.
(A) Schematic depiction of the different reporter constructs used.
(B, ©) Stimulation of Dsgla, Dsglb, and Dsp promoter activities by
cotransfection of increasing amounts of pCI-KIf4, as shown, in HCE (B)
and NCTC (C) cells.

Defective Basement Membrane May Account for
the Reduced Hemidesmosomes in the
KIf4CN Cornea

Previously, we have shown that the KIf4CN corneal basal
epithelial cells do not form as many hemidesmosomes as their
wild-type counterparts.”” Examination of the microarray data
comparing gene expression patterns between wild-type and
KIf4CN corneas indicated no significant change in the expres-
sion levels of integrins, the individual membrane-bound com-
ponents of the hemidesmosomes*® (Supplementary Table S2,
http://www.iovs.org/lookup/suppl/doi:10.1167/iovs.10-6134/-/
DCSupplemental). Consistent with these data, our current RT-
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FIGURE 5. Defective basement membrane is responsible for the presence of fewer hemidesmosomes in
KIf4CN corneas. (A) Real time qRT-PCR analysis of expression levels of laminin-a3 (Iama3), -83 (lamb3),
-y2 (lamc2), and B1-1 (lambl-1) transcripts in wild-type and KIf4CN corneas, with GAPDH as the
endogenous control. (B) Immunofluorescence of wild-type (middle) and KIf4CN (right) corneal sections
with anti-laminin-332 antibody shows that the KIf4CN corneal epithelial basement membrane is defective.

Negative control (no primary antibody) is shown in the left panel.

PCR analyses yielded no significant difference in the expression of
a3- and B4-integrins between wild-type and KIf4CN corneas,
whereas lama5 was significantly downregulated in the KIf4CN
corneas (Supplementary Fig. S2, http://www.iovs.org/lookup/
suppl/doi:10.1167/iovs.10-6134/-/DCSupplemental). In con-
trast, real-time qRT-PCR revealed that the basement membrane
components laminin-a3 (lama3), laminin-B3 (lamb3), and
laminin-B1-1 (lambi-1) were significantly downregulated,
whereas laminin-y2 (lamc2) remained relatively unaffected in
the KIf4CN corneas (Fig. 5A). To further explore whether dis-
rupted basement membrane was the underlying cause for the
formation of fewer hemidesmosomes, we performed immunoflu-
orescence with anti-laminin-332 antibody, which confirmed the
downregulation of laminin-332 expression and disruption of the
basement membrane in KIJf4CN corneas (Fig. 5B).

Loss of Barrier-Forming Ability in Anti-KLF4
siRNA-Treated HCE Cells

We examined the TEER of the confluent monolayer of the
wild-type, control siRNA, and anti-KLF4 siRNA-treated HCE
cells grown on permeable supports (Transwell plates; Corning
Costar) as a measure of epithelial barrier function. Although
both the wild-type and the control siRNA-treated cells started
developing measurable electrical resistance by the fourth day
in culture, reaching a peak of ~400 ()/cm? within 8 days, two
different clones of anti-KLF4 siRNA-treated cells failed to do so
(Fig. 6). To understand the molecular basis for this inability to
develop barrier function, we quantified the expression levels
of tight junction proteins TJP1 and OCLN1 in the wild-type and
KLF4-knockdown HCE cells by qRT-PCR and immunoblots.

Expression of TJP1 and OCLNI1 transcripts and of the corre-
sponding proteins was downregulated in the anti-KLF4 siRNA-
transfected cells compared with wild-type or control siRNA-
transfected HCE cells (Figs. 7A, 7B). Consistent with these
results, immunofluorescence with anti-Tjp1l or anti- occludin
antibody demonstrated a significant downregulation of Tjpl
and occludin in the anti-KLF4 siRNA-treated HCE cells com-
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FIGURE 6. Loss of epithelial barrier-forming ability in anti-KLF4 siRNA
treated cells. TEER developed by wild-type, control siRNA, or anti-
KLF4 siRNA-treated HCE cells cultured on permeable supports (Trans-
well plates; Corning Costar) was estimated every day for 15 days, as a
measure of epithelial barrier-forming ability.
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FIGURE 7. Downregulation of tight junction components in the anti-KLF4 siRNA-treated HCE cells
compared with wild-type or control siRNA treated-HCE cells. (A) Real-time qRT-PCR analysis of 7JPI and
OCLNT transcript levels in wild-type, control-, or anti-KLF4 siRNA-treated HCE cells, using GAPDH as an
endogenous control. (B) Immunoblot analysis of total lysate from wild-type, control-, or anti-KLF4
siRNA-treated HCE cells, probed with anti-OCLN1, anti-TJP1, or anti-actin antibody. Immunofluorescence
with anti-Tjp1 (C) or anti-occludin (D) antibody shows that the expression of TJP1 and OCLN1 detected in
the cell-cell junctions of wild-type or control siRNA-transfected HCE cells (white arrows) is decreased in the
anti-KLF4 siRNA transfected HCE cells (white arrowbead:s).

pared with the wild-type and control siRNA-treated cells (Figs.
7C, 7D). Taken together, these results demonstrate that the
downregulation of KLF4 results in the loss of epithelial barrier
formation in vitro, accompanied by decreased expression of
tight junction proteins.

DISCUSSION

Multiple types of cell junctional complexes exist in different
depths of the corneal stratified squamous epithelium, where
they play important and diverse roles in normal corneal ho-
meostasis and wound healing.>*%>* In the present investiga-

tion, we identified the role of Klf4 in regulating the expression
of three different desmosomal components and the extracellu-
lar laminin-332, a component of the basement membrane re-
quired for the formation of hemidesmosomes. Our results,
summarized in Figure 8, show that KlIf4 contributes to corneal
epithelial barrier formation by regulating the expression of
functionally related subsets of genes.

The results presented in this report show that lama3,
lamb3, lamb1-1, and lama5 are downregulated in the KIf4CN
corneas. Although it is likely that KIf4 directly regulates their
corresponding promoter activities, we do not have direct evi-
dence to confirm it. Previous studies have demonstrated that
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KLF4 upregulates LAMA3A,** LAMAI?>, and LAMCI>® pro-
moter activities and that KLF6 upregulates LAMAI promoter
activity.®> In another study, KIf4 downregulated lamal pro-
moter activity while KIf5 upregulated it in the mouse intestinal
epithelial cells, corroborating the complementary expression
of KIf4 and KIf5 along the intestinal crypt-villus axis and the
parallel expression of KIf5 and lamal in the crypt region.>”
Together, these studies suggest that the effects of different Klfs
on various laminin promoter activities are promoter and con-
text dependent.

Hemidesmosomes help attach the basal epithelial cells to the
basement membrane through the interaction of cellular integrins
with the basement membrane components.>*~° Both a381- and
a6B4-integrin heterodimers serve as receptors for various com-
ponents of the basement membrane beneath the corneal epithe-
lium such as laminin-332, collagen-1 or -IV, and fibronec-
tin.©3%3%9142 The present report shows that though the
hemidesmosomal integrins Itga3 and ligb4 are relatively unaf-
fected, the basement membrane components lama3, lamb3,
lama5, and lambl-1, which serve as ligands for hemidesmo-
somal integrins,>**?are downregulated, consistent with the re-
duced number of hemidesmosomes and disruption of the Kif4CN
corneal basement membrane detected by transmission electron
microscopy and periodic acid-Schiff reagent.?” >

Disruption of epithelial cell-basement membrane interactions
is an important initial step in the course of epithelial-to-mesenchy-
mal transition (EMT), a fundamental morphogenetic process in-
volved in many tissue remodeling events.*>** Our observation of
the disrupted basement membrane in the K/f4CN cornea, when
considered along with the role of KIf4 as a tumor suppressor,*>
suggests that the KIf4CN corneal epithelial cells may be undergo-
ing the initial stages of EMT. This possibility is further supported
by the observation that the KIf4CN corneal epithelial cells display
reduced desmosome-mediated cell-cell adhesion, another early
event in the course of EMT,* and is consistent with a recent
report that Kif4 inhibits EMT in mammary epithelial cells through
the regulation of E-cadherin gene expression.®”

Although transient transfection assays reported here demon-
strate that KIf4 directly regulates the expression of desmosomal
components, our results do not rule out the possibility of an
additional indirect component as well. Rapid re-epithelialization
during corneal wound healing requires remodeling of cell junc-
tional complexes.®? It is possible that the initial desquamation of
the superficial epithelial cells in the KIf4CN cornea®’ is perceived
by the underlying cells as a wound that must be healed, triggering
additional signals to downregulate the cell junctional complexes
and basement membrane components. In such a scenario, the
observed reduction in the desmosomal components Dsp, Dsgla,
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and Dsglb and the basement membrane components laminin-
a5, -a3, and -B1-1 could also reflect an indirect effect as part
of the wound-healing response. Upregulation of MMPs in the
KIf4CN cornea, frequently associated with corneal wound
healing, is consistent with this possibility.?***® Disruption of
the basement membrane, a direct outcome of the reduced
expression of laminins, could be exacerbated by the ele-
vated expression of matrix metalloproteinases in the KIf4CN
corneas reported earlier.*®

In summary, our results show that Klif4 contributes to corneal
epithelial barrier formation by regulating the expression of func-
tionally related subsets of genes encoding desmosomal and tight
junction components and laminins required for the formation of
the basement membrane. Taken together with our previous re-
ports,””~° these results establish the role of KIf4 as an important
transcription factor that regulates the maturation and mainte-
nance of the ocular surface.
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