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Abstract
The purpose of this study was to determine the effect of thymosin beta 4 (Tβ4) on NFκB protein
levels, activation, phosphorylation, and nuclear translocation in a model of tumor necrosis factor
(TNF)-α-mediated corneal inflammation. Transformed and primary (HCET and HCEC) human
corneal epithelial cells were stimulated with the pro-inflammatory cytokine TNF-α and treated or
not with Tβ4. Nuclear NFκB p65 subunit protein levels were assayed using ELISA, and activity was
measured by determining NFκB binding to consensus oligonucleotides. NFκB p65 protein
phosphorylation was also measured by ELISA. Nuclear translocation of NFκB p65 subunit was
assayed by immunofluorescence microscopy. Compared to non-treated controls, Tβ4 treatment
significantly decreased nuclear NFκB protein levels, NFκB activity and p65 subunit phosphorylation
in corneal epithelial cells after TNF-α stimulation. In TNF-α-stimulated corneal epithelial cells,
NFκB p65 subunit translocation to the nucleus was observed using immunofluorescence microscopy.
In contrast, Tβ4 blocked nuclear translocation of the NFκB p65 subunit in TNF-α-stimulated corneal
epithelial cells. TNF-α initiates cell signaling pathways that converge on the activation of NFκB,
thus both are known mediators of the inflammatory process. Tβ4, a protein with diverse cellular
functions including wound healing and suppression of inflammation, inhibits the activation of
NFκB in TNF-α-stimulated cells. These results have important clinical implications for the potential
role of Tβ4 as a corneal anti-inflammatory agent.
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1. Introduction
The corneal wound repair process is intricately linked to a complex inflammatory response
that must be precisely regulated to ensure proper healing and optimal visual outcome. Many
studies have contributed information regarding the roles of cytokine and chemokine expression
and activity in the post-wound corneal inflammatory response in a wide array of clinical
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pathologies (Gillitzer and Goebeler, 2001; Wilson et al., 2003; Agrawal and Tsai, 2003;
Stramer et al., 2004;). For example, in chemically injured corneal epithelial cells, the levels of
pro-inflammatory cytokines and chemokines are upregulated (Planck et al., 1997; Sotozono et
al., 1997; Sosne et al., 2002). Dry eye induced experimentally in mice, also stimulates
production and expression of TNF-α (Luo et al., 2004). Additionally corneal epithelial
monolayers infected with Pseudomonas aeruginosa demonstrated increased expression and
secretion of IL-6, IL-8, and TNF-α (Zhang et al., 2005).

Many studies suggest that TNF-α is a potent pro-inflammatory cytokine considered to be a
central mediator of the inflammatory response. It regulates antimicrobial defenses, wound
healing, defense against malignancies, and apoptotic cell death (Zhang et al., 2004). One
consequence of the activation of signal transduction pathways subsequent to TNF-α stimulation
is the activation of transcription factors necessary for the induction of chemokine gene
expression (Baud and Karin 2001; Ritchie et al., 2004). One major transcription factor is
NFκB, formed by the heterodimerization or homodimerization of proteins of the Rel family,
the two most important of which are p50 and p65 (Hanada and Yoshimura, 2002). NFκB
mediates diverse biological processes, from inflammation to apoptosis (Hayden and Ghosh,
2004). In unstimulated cells, NFκB dimers are located in the cytoplasm. The family of
inhibitory proteins, IκBs, binds to NFκB, masks its nuclear localization signal, and keeps it in
the cytoplasm. Various extracellular stimuli, including TNF-α act through different signaling
pathways to converge on the activation of IκB kinase (IKK). Phosphorylated IκB is degraded
and released from the NFκB dimer, permitting the translocation of NFκB to the nucleus.
Nuclear NFκB subsequently binds to κB enhancer elements of target genes (Karin and Ben-
Neriah, 2000). Because of its ability to regulate the expression of inflammatory proteins,
NFκB is believed to play a major role in the inflammatory process.

Thymosin beta-4 (Tβ4) is a water-soluble, 43-amino acid acidic polypeptide (pI 5.1) with a
molecular weight of 4.9 kDa (Low et al., 1981; Low and Goldstein, 1982; Goodall et al.,
1983; Yu et al., 1994). Tβ4 is a ubiquitous polypeptide, highly conserved across species, and
is found at concentrations of 1 × 10−5 to 5.6 × 10−1 M in a variety of tissues and cell types
(Hannappel et al., 1982; Hannappel and Leibold, 1985; Hannappel and van Kampen, 1987).
Previously, we reported that Tβ4 promotes corneal wound healing, decreases inflammation,
and modulates the MMP/TIMP balance in a mouse model of corneal alkali injury (Sosne et
al., 2002, 2005). Although the mechanism(s) of action of exogenous Tβ4 on corneal wound
repair and suppression of inflammation remain unclear, we hypothesize that Tβ4 may interfere
with NFκB signaling pathways that are central to the inflammatory response. In this report, we
extend our analysis of the interrelationship between Tβ4 and corneal inflammation by providing
evidence that Tβ4 suppresses NFκB phosphorylation, activity, and nuclear translocation in
cultured human corneal epithelial cells stimulated with TNF-α. Our results suggest that Tβ4
may exert its anti-inflammatory effects by regulating the activity of NFκB, a key modulator
of inflammation.

2. Methods
2.1. Human Corneal Epithelial Cell Culture

Non-transformed human corneal epithelial cells (HCEC) at passage 3 were purchased from
Cascade Biologics (Portland, OR). HCEC were rapidly thawed, seeded onto the appropriate
tissue culture plastic substrate, and cultured in serum-free EpiLife medium containing human
corneal growth supplement as suggested by Cascade. HCEC were used for experiments at
passage 4. The transformed human corneal epithelial cell line 10.014 pRSV-T (HCET) was
additionally used in this study (Kurpakus et al., 1999). HCET were maintained in serum-free
KGM on tissue culture plastic coated with a fibronectin-collagen type I matrix. Cells were
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cultured in a standard tissue culture incubator at 37°C and in an atmosphere of 5% CO2 and
95% room air with medium changes every two days.

2.2. NFκB Activity Assay
HCET or HCEC at approximately 80% confluence were pre-treated with synthetic Tβ4 (1 µg/
ml, a gift from RegeneRx, Inc., Bethesda, MD) for 1 h. Tβ4 was used at a concentration of 1
µg/ml in these studies because we have demonstrated this to be an optimum dosage for
epithelial cells (Sosne et al., 2004, 2006). Dose-response assays showed that in corneal
epithelium Tβ4 at a concentration of 1 µg/ml provides maximum inhibitory protection against
the pro-inflammatory effects of TNF-α compared to lower or higher concentrations (results
not shown). Cells were then treated with TNF-α (10 ng/ml, R&D Systems, Minneapolis, MN)
in the presence or absence of Tβ4 for 5, 15, 30, 45, or 60 min. The concentration of TNF-α
used in these studies has been shown to be an effective pro-inflammatory agent in other cell
systems (Zhang et al., 2005). Dose response studies with corneal epithelium (results not shown)
showed that similarly to other studies (Zhang et al., 2006), the 10 ng/ml concentration produced
a significant inflammatory response in vitro but did not result in cytotoxicity. Cells maintained
in culture medium only, or Tβ4 only, for 30 min were used as controls. At each time point the
culture medium was removed and the adherent cells were scraped from the dish into 1 ml of
cold PBS. The solution was centrifuged at 3000 rpm for 5 min. The cell pellet was lysed in 1
ml of cell extraction buffer provided with the activity assay kit (TransAm NFκB p65
Transcription Factor Assay Kit, Active Motif, Carlsbad, CA) on ice for 30 min, with vortexing
every 10 min. The extract was centrifuged at 13,000 rpm for 10 min at 4°C and the supernatant
was used for activity assays following the kit protocol. In addition to the activity assay, the
ELISA for total NFκB p65 subunit protein was completed simultaneously using aliquots of the
same supernatants. ELISA values were used to standardize the activity values to correct for
differences in protein concentration in each sample. The assays were repeated three times (n
= 3) and the results of a representative assay are reported as NFκB activity in arbitrary units ±
SEM. Statistical analysis was performed using the unpaired Student’s t-test with significance
set at P < 0.05.

2.3. NFκB Phosphorylation Assay
HCET were cultured in wells of a 96-well plate until approximately 80% confluent. Cells were
pre-treated with Tβ4 (1 µg/ml, produced synthetically by RegeneRx, Inc., Bethesda, MD) for
1 h. Cells were then treated with TNF-α (10 ng/ml) in the presence or absence of Tβ4 for 5,
15, 30, 45, or 60 min. The concentration of TNF-α used in these studies produces a significant
inflammatory response but does not result in cytotoxicity. Cells maintained in culture medium
only, or Tβ4 only, for 30 min were used as controls. At each time point adherent cells were
fixed in cell fixing buffer containing 4% glutaraldehyde according to the phosphorylation assay
kit protocol (CASE, cellular activation of signaling ELISA for phosphoserine 276 of NFκB
p65 subunit, SuperArray, Frederick, MD). Fixed cells were then processed using phospho-
specific (phosphoserine 276 p65) or pan-protein specific (nonphosphorylated p65) primary
antibodies and HRP-conjugated secondary antibodies. Following incubation with developing
and stop solutions provided with the kit, individual well absorbance was read at 450 nm.
Variation in cell number in individual wells was corrected by assaying the OD 540 nm of
stained cells following completion of the phosphorylation assay and performing numerical
correction of the OD 450 nm values. The assay was repeated twice (n = 8) and a representative
result is presented as relative amounts of phosphorylated and nonphosphorylated NFκB in
arbitrary units ± SEM. Statistical analysis was performed using the unpaired Student’s t-test
with significance set at P < 0.05.
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2.4. NFκB Protein Levels
HCET were cultured until approximately 80% confluent. Cells were pre-treated with Tβ4 (1
µg/ml) for 1 h. Cells were then treated with TNF-α (10 ng/ml) in the presence or absence of
Tβ4 for various times. Cells maintained in culture medium only, or Tβ4 only were used as
controls. The culture medium was removed and the adherent cells were scraped from the dish
into 1 ml of cold PBS. The solution was centrifuged at 3000 rpm for 5 min. The cell pellet was
resuspended in 0.5 ml hypotonic buffer (20 mM Tris-HCl, pH 7.4, 10 mM NaCl, 3 mM
MgCl2) and incubated on ice for 15 min. 25 µl of 10% NP-40 was added with vortexing. The
homogenate was centrifuged for 10 min at 3000 rpm at 4°C. The pellet was resuspended in
100 µl of the cell extraction buffer and incubated for 30 min on ice with vortexing every 10
min. The homogenate was centrifuged at 14,000 rpm for 30 min at 4°C. The resulting
supernatant was used for the NFκB total p65 subunit ELISA. A representative analysis is
presented as NFκB protein (pg/ml) ± SEM. Statistical analysis was performed using the
unpaired Student’s t-test with significance set at P < 0.05.

2.5. Nuclear Translocation of NFκB
HCET were cultured on collagen-coated 4 chambered glass microscope slides to approximately
80% confluence. Cells were pre-treated with Tβ4 (1 µg/ml) for 1 h. Cells were then treated
with TNF-α (10 ng/ml) in the presence or absence of Tβ4 for 30 min. Cells maintained in culture
medium only, or Tβ4 only were used as controls. Cells were fixed in 3.7% glutaraldehyde/PBS
for 10 min then washed in PBS. Cells were permeabilized in 1% Triton X-100 for 5 min and
washed again. The cells were then incubated with rabbit polyclonal antibodies specific for the
N-terminus of human p65 NFκB (Santa Cruz Biotechnologies, Santa Cruz, CA) followed by
FITC-conjugated goat anti-rabbit secondary antibodies. Digitized images were captured and
stored (Axiophot fluorescence microscopy and imaging system, Carl Zeiss Medicine, Inc.,
Thornwood, NY).

3. Results
3.1. NFκB Activity in Human Corneal Epithelial Cells

We hypothesized that Tβ4 functions as a transcription factor mediator in addition to its other
known cellular functions. To provide support for this hypothesis, we examined the effect of
Tβ4 on the activity of NFκB in human corneal epithelial cells stimulated with TNF-α in
vitro. Cultured cells were employed for these studies because sufficient material for detailed
biochemical analyses could be easily generated. Transcription factor activity was analyzed
colorimetrically using an assay that measured the ability of NFκB to bind to oligonucleotides
containing consensus kB binding motifs immobilized to a plastic substrate. Whole-cell lysates
were used for these analyses per protocol since activated NFκB is presumed to be located only
within the nucleus.

In the transformed human corneal epithelial cell line HCET, treatment of cells with TNF-α
resulted in a progressively increased level of NFκB activity commensurate with time of
stimulation (Fig. 1). The treatment of TNF-α stimulated cells with Tβ4 resulted in increased
NFκB activity at 5, 10 (results not shown), 15 (Fig. 1), and 20 (results not shown) min of
stimulation compared to cells stimulated with TNF-α. However, at 30 and 60 min, Tβ4
treatment significantly suppressed TNF-α induced activation of NFκB, and activity approached
that of cells treated with Tβ4 alone.

Although transformed cell lines provide ample material for analyses, experimental results can
be of concern since it is not clearly known how the cells may differ from in vivo counterparts.
To complement NFκB activity assays in transformed human corneal epithelial cells, we also
performed analyses in non-transformed human corneal epithelial culture and found similar

Sosne et al. Page 4

Exp Eye Res. Author manuscript; available in PMC 2008 January 21.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



results of decreased NFκB activity with Tβ4 treatment after TNF-α stimulation (results not
shown). Based on these results, we were confident that the transformed line, HCET, could be
used for further analysis of NFκB dynamics in Tβ4-treated, and TNF-α-stimulated, conditions.

3.2. Effect of Tβ4 on NFκB Phosphorylation
In addition to nuclear translocation, the p65 subunit of NFκB must undergo phosphorylation
on several serine residues in order to be activated. It has been reported that serine 276 is the
major phosphorylation site of p65 and its phosphorylation is essential for p65-dependent
cellular responses (Okazaki et al., 2003). Since our studies suggested that Tβ4 could suppress
inflammatory mediator induced NFκB activation, we next determined the ability of Tβ4 to
regulate the phosphorylation of the serine 276 residue of the p65 subunit of NFκB. We used
an ELISA approach that allowed for the measurement of phosphorylated and
nonphosphorylated NFκB levels on groups of identically treated cells. Commensurate with
increased NFκB activity in corneal epithelial cells treated with TNF-α, we observed an increase
in the relative percentage of cellular NFκB that was phosphorylated (Fig. 2). At 30 and 60 min
of TNF-α stimulation, essentially all of the NFκB was phosphorylated. At these time points,
treatment of TNF-α-stimulated corneal epithelial cells with Tβ4 significantly reduced NFκB
phosphorylation levels (statistical analysis shown in Figure 2 legend). In contrast to the 30 and
60 min time points, at 5 and 45 min time points, treatment of TNF-α-stimulated corneal
epithelial cells with Tβ4 resulted in a slight increase in NFκB phosphorylation (statistical
analysis shown in Figure 2 legend). Evidence for oscillatory dynamics of NFκB nuclear
translocation and phosphorylation levels has been published (Nelson et al., 2005; Chickarmane
et al., 2006). Our NFκB phosphorylation patterns observed at the 5 and 45 min time points
suggest that similar oscillatory dynamics are evident in our model.

We focused on an analysis of phosphorylation levels at 30 minutes of TNF-α stimulation
because our studies as shown in Figure 1 revealed that Tβ4 could significantly suppress
NFκB activity at this time point. In media control cells and in cells treated with Tβ4 only, levels
of nonphosphorylated NFκB were significantly higher than levels of phosphorylated NFκB
(Fig. 3). Conversely, in cells stimulated with TNF-α for 30 min essentially all of the NFκB
was in the phosphorylated form. In contrast, in cells that were treated with Tβ4 during TNF-
α stimulation, the levels of phosphorylated NFκB were significantly decreased.

3.3. Effect of Tβ4 on NFκB Nuclear Translocation
Nuclear translocation is an essential downstream event in NFκB mediated gene transcription.
Inhibition of nuclear translocation by Tβ4 would provide additional support to demonstrate
that this molecule plays a role in the regulation of NFκB inflammatory processes. HCET were
treated for 30 min and the amount of NFκB protein in nuclear fractions was measured by
ELISA. Only activated, phosphorylated NFκB is capable of translocating to the nucleus.
Compared to media control cells or cells treated with Tβ4 only, the amount of NFκB protein
measured in the nuclear fraction of cells treated with TNF-α was significantly increased (Fig.
4). However, treatment of cells with Tβ4 during TNF-α activation resulted in significant
decrease of measurable NFκB protein in nuclear fractions. This suggests that Tβ4 suppressed
nuclear translocation of NFκB under conditions of TNF-α stimulation.

The nuclear translocation of NFkB was also examined morphologically in HCET by
immunofluoresence microscopy using an antibody specific for the p65 subunit (Fig. 5). In both
media control cells (Fig. 5A) and cells treated with Tβ4 only (Fig. 5B), NFκB p65 protein was
localized to the cytoplasm. In cells treated with TNF-α only NFκB showed a predominantly
nuclear localization, indicating its translocation in response to TNF-α signaling (Fig. 5C). In
cells treated with Tβ4 during the period of TNF-α stimulation the fluorescence pattern appeared
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to be mainly perinuclear (Fig. 5D), although evidence of both cytoplasmic and nuclear NFκB
localization could be observed.

4. Discussion
When epithelium is injured, the cornea responds by synthesizing several cytokines, growth
factors and tissue remodeling molecules. Pro-inflammatory cytokines have been implicated in
the inflammation that follows corneal epithelial injury, and cytokine-mediated processes play
a significant role in corneal epithelial wound healing (Brazzell et al., 1991; Sotozono et al.,
1995; Lambiase et al., 1998; Chandrasekher et al., 2002). In addition, the transcription factor,
NFκB, regulates various genes involved in inflammatory responses and its activation is
important for host defense and repair after insult (Hayden and Ghosh, 2004).

As reviewed recently, (Goldstein et al., 2005), Tβ4 has clear anti-inflammatory and wound
healing activities. We previously reported that topical application of Tβ4 accelerates corneal
re-epithelialization and modulates corneal cytokine production such as interleukin (IL)-1β and
IL-18) in rat corneas following scrape wound and it also stimulates in vitro human corneal
epithelial cell migration (Sosne et al., 2001). We further demonstrated in vivo using an
inflammatory corneal alkali injury model that Tβ4 promotes corneal wound healing and down-
regulates a number of key inflammatory cytokines, e.g., IL-1β, and chemokines, e.g.,
macrophage inflammatory (MIP)-1α, MIP-1β, and MIP-2 (Sosne et al., 2002, 2005).

Despite our advances in establishing the anti-inflammatory and pro-wound healing properties
of Tβ4, the mechanism of how Tβ4 exerts these effects remains unclear. It is well established
by other investigators that NFκB activation plays a central role in inflammatory aspects of the
wound healing process (Baldwin, 1996). A majority of inflammatory cytokines and
chemokines use NFκB related pathways for signaling following ligand binding to cell surface
receptors (Schmidt et al., 2003). To extend our work regarding the role of Tβ4 as an anti-
inflammatory and wound healing agent, the present study explores the effects of Tβ4 on
suppressing NFκB levels and activity following TNF-α stimulation in corneal epithelial cells.
This is the first report, to our knowledge, that documents that Tβ4 can suppress NFκB activation
after a pro-inflammatory stimulation with TNF-α.

The use of TNF-α as a pro-inflammatory stimulus in our cell culture model has important
physiological relevance to corneal inflammation and epithelial wound healing. This is because
TNF-α is increased in tears during infections and inflammations of the cornea, suggesting its
importance as a mediator of inflammation in vitro as well as in vivo (Bitko et al., 2004; Kumar
et al., 2004; Saika et al., 2005). In addition, recent studies suggest a connection between TNF-
α and NFκB activity in corneal wound healing after alkali injury (Saika et al., 2005). Several
other studies document that TNF-α activates NFκB in many different cell types and additionally
corneal epithelial wound healing may be modulated by a mechanism involving TNF-α/NFκB
regulation of cell-cycle, and therefore proliferation and migration (Wang et al., 2005). In
agreement, here we report that in human corneal epithelial cells (both primary and
transformed), TNF-α-induced NFκB activation is rapid and sustained. NFκB-induced gene
expression requires that NFκB not only becomes activated, but it must also be phosphorylated
and must physically translocate from cytoplasm to the nucleus (Karin and Ben-Neriah, 2000).
Our studies demonstrate that Tβ4 treatment inhibits all three of these central events, suggesting
that Tβ4 may exert its anti-inflammatory effects via NFκB-related signaling pathways.

We also found that Tβ4 suppression of TNF-α-induced NFκB activation is not immediate as
maximal effects of Tβ4 were time related. Although Tβ4 is intracellular, following
microinjection into intact cells, fluorescently labeled Tβ4 has both a diffuse cytoplasmic and
a pronounced nuclear staining (Huff et al., 2004). Since Tβ4 can also assume a nuclear
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localization it is interesting to speculate that the time-related inhibition of NFκB activation
may represent Tβ4 blocking the cyclic reentry of activated NFκB into the nucleus. We cannot
discount the possibility however that Tβ4 inhibits events upstream of NFκB nuclear
translocation, including the phosphorylation and activation of IκB kinase and we are
investigating these two possibilities.

In conclusion, we present the first evidence that Tβ4 inhibits NFκB activity and cellular
function, suggesting a possible mechanistic pathway by which Tβ4 exerts its anti-inflammatory
properties. In addition to our previous studies showing the anti-inflammatory and pro-wound
healing effects of Tβ4 after alkali burn (Sosne et al., 2002, 2005), it has been demonstrated by
others (Saika et al., 2005) that blocking the NFκB pathway might be beneficial in treating
corneal alkali burns. To our knowledge, our studies are novel because they are the first to
propose NFκB-mediated signaling events downstream of Tβ4 treatment in the cornea. Tβ4, the
major actin sequestering protein in eukaryotic cells, has several potential clinical applications
in the repair and remodeling of ulcerated tissues and solid organs following hypoxic injuries,
such as myocardial infarction and stroke (Goldstein et al., 2005). A therapeutic agent such as
Tβ4, that promotes corneal re-epithelialization, wound healing and cell survival while
regulating inflammation after trauma or surgery without adverse side effects would be a major
clinical advance. This hitherto unrecognized anti-inflammatory capability of Tβ4 in cornea is
particularly provocative and clinically relevant because of its potential usage as a potent anti-
inflammatory therapy in a wide array of inflammatory corneal conditions.
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Fig. 1.
Tβ4 suppresses NFκB activity in human corneal epithelial cells in vitro. Transformed human
corneal epithelial cells (HCET) were treated with 1 µg/ml Tβ4 only (open bars) or stimulated
with 10 ng/ml TNF-α (gray bars) only. HCET were also stimulated with TNF-α and
simultaneously treated with Tβ4 (black bars) for the times indicated. At assay times less than
20 min, Tβ4 treatment resulted in increased NFκB activity in TNF-α stimulated cells (only the
15 min data is shown). In contrast by 30 min of Tβ4 treatment, NFκB activity was significantly
suppressed in TNF-α stimulated cells (* P = 0.0068, ** P < 0.0001). Note that NFκB activity
in HCET treated with Tβ4 alone is consistently lower than in cells treated with TNF-α. NFκB
activity in media control cells was negligible and is not shown.
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Fig. 2.
Tβ4 suppresses NFκB phosphorylation in human corneal epithelial cells in vitro. HCET were
stimulated with TNF-α in the presence or absence of Tβ4 for the times indicated. Using an
ELISA approach, relative levels of phosphorylated (serine 279 of p65) and nonphosphorylated
NFκB were measured. In cells stimulated with TNF-α essentially all of the NFκB p65 is
phosphorylated by 30 min. Treatment of TNF-α stimulated cells with Tβ4 significantly inhibits
the phosphorylation of NFκB (* at 30 min P = 0.0056, * at 60 min P = 0.0066). In contrast, at
5 and 45 min, treatment of TNF-α stimulated cells with Tβ4 increased the phosphorylation of
NFκB (P = 0.0181 and P = 0.3133, respectively).
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Fig. 3.
Tβ4 suppresses NFκB phosphorylation in human corneal epithelial cells in vitro. HCET were
treated for 30 min as indicated. Using an ELISA approach, relative levels of phosphorylated
(serine 279 of p65) and nonphosphorylated NFκB were measured. In media control cells and
in cells treated with Tβ4 only, most of the NFκB exists in the nonphosphorylated form. In
contrast, in cells stimulated with TNF-α essentially all of the NFκB p65 is phosphorylated.
Treatment of TNF-α stimulated cells with Tβ4 significantly inhibits the phosphorylation of
NFκB (* P = 0.0056).
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Fig. 4.
Tβ4 suppresses NFκB nuclear translocation in human corneal epithelial cells in vitro. HCET
were treated for 30 min as indicated. Using an ELISA approach, the relative levels of NFκB
in the nuclear fractions of cell lysates were measured. Note the significant increase in nuclear
NFκB protein in cells treated with TNF-α only compared to media control cells or cells treated
with Tβ4 only. Treatment of TNF-α stimulated cells with Tβ4 significantly reduces the level
of nuclear NFκB protein (* P = 0.0066).
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Fig. 5.
Tβ4 suppresses NFκB nuclear translocation in human corneal epithelial cells in vitro. HCET
were cultured on glass microscope slides and maintained in culture medium (A), treated with
Tβ4 only (B), with TNF-α only (C), or with TNF-α and Tβ4 (D). Cells were processed for
immunofluorescence microscopy using an antibody specific for p65 subunit of NFκB. Note
the lack of nuclear labeling in media control cells (arrows in A) or cells treated with Tβ4 only
(arrows in B). In contrast note the almost exclusive nuclear localization of NFκB in cells treated
with TNF-α (arrows in C). The presence of Tβ4 during TNF-α stimulation appears to prohibit
the nuclear translocation of NFκB, as there is a predominant perinuclear localization pattern
in these cells (arrows in D). Bar, 50 µm.
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