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Abstract
·AIM: To compare transforming growth factor-茁1 (TGF-
茁1) levels in tears and the degree of corneal haze
formation following epithelial laser keratomileusis
(Epi -LASIK) with and without the use of mitomycin C
(MMC) and to investigate the effect of MMC on corneal
wound healing.

·METHODS: Thirty -two patients (64 eyes) with high
myopia underwent Epi -LASIK surgery, and MMC was
randomly used in one eye in each patient. The
epithelialization process was observed, and the TGF -茁1

level in tears was measured at 1 day, 3, and 7 days
postoperatively for comparison with baseline. Corneal
haze was graded at 1 month, 3, and 6 months after
surgery.

· RESULTS: Mean preoperative spherical equivalent
refraction was -8.24依2.18D (range -6.00 to -10.50D) in
the MMC group and -7.82依1.55D (range -6.00 to -9.75D)
in the non -MMC group. There was no significant
difference between the two groups ( =0.38). Mean
epithelialization time was (5.02依0.68) days in the MMC
group and (4.86依0.57) days in the non-MMC group ( =
0.31). Tear fluid TGF -茁1 levels were similar before
surgery ( =0.34), but were significantly higher in the
non-MMC group at 1 day, 3, and 7 days postoperatively
( =0.004, 0.008, and 0.012, respectively). Corneal haze
scores 1 month after surgery were significantly higher in
the non -MMC group ( =0.03), and similar at 3 and 6
months after surgery ( =0.28 and 0.62, respectively).

·CONCLUSION: MMC did not delay epithelialization. In

early postoperative period, lower TGF -茁1 levels in tears
and a lower grade of corneal haze were observed in the
MMC group. Our findings suggest that the ability of MMC
to inhibit Epi -LASIK -induced haze might be mediated
through TGF-茁1 suppression.
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INTRODUCTION

S urface ablation is commonly performed in patients with
moderate to high refractive error and thinner corneas, or

in those where conservation of tissue is a factor [1]. Epithelial
laser keratomileusis (Epi-LASIK) is an alternative
surface ablation procedure first developed by Pallikaris [2] in
2003. Theoretically, the preserved epithelial sheet may
represent a barrier that protects the photoablated corneal
stroma from inflammatory mediators to result in less
postoperative pain, faster visual recovery, and less corneal
haze[3].
Haze formation is a complication that occurs after surface
corneal refractive surgery and cannot be completely
prevented after Epi-LASIK, especially in patients with high
myopia. Transforming growth factor-茁1 (TGF-茁1) has
emerged as a key regulator of haze and scarring in the
cornea and other tissues [4]. In recent years, mitomycin C
(MMC) has been prophylactically and therapeutically used to
ameliorate haze after surface ablation [5]. The purpose of this
study was to compare tear fluid TGF-茁1 levels and corneal
haze scores in eyes with high myopia after Epi-LASIK with
and without the use of MMC and to investigate the effect of
MMC on corneal wound healing.
SUBJECTS AND METHODS
Subjects The present study was approved by the Ethics
Committee of the General Hospital of Guangzhou Military
Command and performed according to the Helsinki
Declaration. All patients received a full explanation of the
procedure and provided written informed consent before
surgery. Thirty-two patients (64 eyes), including 13 men and
19 women, who underwent Epi-LASIK between July 2008
and July 2011 in the Department of Ophthalmology of the
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General Hospital of Guangzhou Military Command were
included in this prospective study. Mean patient age was
25.84依5.66 years (range 20 to 36 years). MMC was randomly
applied to one eye of each patient, and both the doctor and
the laboratory inspector knew which eye received MMC.
Mean preoperative spherical equivalent refraction was -8.24依
2.18D (range -6.00 to -10.50D) in the MMC group and -7.82依
1.55D (range -6.00 to -9.75D) in the non-MMC group, which
was not significantly different between groups( =0.38). The
patients were carefully examined before surgery, and showed
no signs of ocular inflammation, allergy, or other ocular or
systemic diseases. The patients were advised not to wear
contact lenses at least 2 weeks prior to operation.
Methods
Technique All patients underwent bilateral Epi-LASIK
performed by the same surgeon in the same session.
Epithelial separation was performed using an instrument
designed at Kangning Company (KM-5000d, Wuxi, China).
An epithelial flap with a superior hinge was created, and the
flap was retracted using a spatula. The laser treatment was
performed using an excimer laser (VISX Star S4, Santa
Clara, CA, USA). After ablation, a 6.0mm circular corneal
light shield soaked in 0.02% MMC was placed on the
residual bed for 15 to 20 seconds in one random eye in each
patient. The stroma was gently washed, and the flap was
repositioned over the bed. After allowing the edges of the
flap to adhere, two drops of tobramycin and dexamethasone
(S.A. Alcon Couvreur, N.V, Puur, Belgium) and ketorolac
(Allergan, Irvine, CA, USA.) were instilled into the eye. A
PureVision bandage contact lens (diameter 14.0mm, base
curve 8.6mm, power -0.50D; Bausch & Lomb, Rochester,
NY, USA) was placed onto the eye at the end of the
procedure.
Tear fluid TGF -茁1 measurements Tears were collected
preoperatively and 1 day, 3, and 7 days postoperatively from
the lower conjunctival sac without topical anesthesia using a
scaled 20滋L microcapillary tube. Special attention was paid
not to irritate the cornea or conjunctiva and collect the tear
fluid samples without trauma, and the time required to
collect 20滋L was recorded. All of the tear samples were
collected by the same individual at the same time of day.
TGF-茁1 levels were determined by the quantitative sandwich
enzyme immunoassay technique (Quantikine human TGF-茁1,
R and D Systems Inc., Minneapolis, MN, USA). Microtiter
plates were coated with recombinant human TGF-茁1

receptor, and 0.1mL 1mol/L HCl was added to activate latent
TGF-茁1 and incubated for 10 minutes. The acidified samples
were neutralized by adding 0.1mL 1.2mol/L NaOH/0.5mol/L
HEPES. Subsequently, 200mL activated samples were added
to the precoated wells and incubated for 3 hours. The
unbound material was removed with washing buffer, and

200mL of antibody human TGF-茁1 conjugate (diluted 1:1 000)
was added and incubated at room temperature for 1.5 hours.
After three washes, 200mL of substrate solution was added
to each well and incubated at room temperature for 20
minutes. We added 50mL of stop solution to each well and
measured the optical density with an EIA reader (LP 400,
Sanofi, Diagnostics Pasteur, France) at 450nm within 30
minutes.
Postoperative treatment and follow -up Postoperative
medication included Pranoprofen eye drops (Senju
Pharmaceutical Co., Ltd., Osaka, Japan) and eye drops
containing tobramycin and dexamethasone (S.A. Alcon
Couvreur) both administered four times daily until the
therapeutic lens was removed. After lens removal, all treated
eyes received 0.1% fluorometholone eye drops (Santen
Pharmaceutical Co., Ltd., Osaka Japan) four times daily in a
tapered dose for 5 weeks. Artificial tears (Allergan) were
prescribed for use according to the patient's discretion.
Follow-up visits were scheduled at 1 day, 3, and 5 to 7 days
postoperatively and then at 1 month, 3, and 6 months
postoperatively. The contact lens was removed when
epithelialization was complete (usually between
postoperative days 5 to 7). The postoperative corneal haze
score at 1 month, 3, and 6 months was considered for
statistical analysis.
Haze levels were reported based on Fantes' classification [6]

(0=normal, 0.5=opacity under indirect light, 1= opacity
under direct light, 2=possible to observe iris in detail,
3=difficult to observe iris in detail, 4=not possible to observe
iris in detail).
Statistical Analyses Results are presented as mean 依
standard deviation (SD). All data were analyzed using SPSS
version 13.0 software for Windows (SPSS, Chicago, IL,
USA). Group differences for continuous variables were
tested using paired Student's tests. Haze scores were
evaluated with Pearson's Chi-squared test with contingency
tables. values less than 0.05 were regarded as statistically
significant.
RESULTS
Epithelial healing time Mean epithelialization time was
5.02依0.68 days in the MMC group and 4.86依0.57 days in
the non-MMC group. This difference was not statistically
significant ( =0.31), suggesting that MMC did not delay
epithelialization.
Tear fluid TGF-茁1 level Tear fluid flow (mL/min) into the
microcapillary was calculated by dividing the volume of the
tear fluid sample by tear fluid collection time. TGF-茁1 in the
tear fluid was calculated by multiplying the concentration in
the sample by the tear fluid flow in the collection
microcapillary. Tear fluid TGF-茁1 levels were similar in the
two groups before surgery ( =0.34), but were significantly
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higher in the non-MMC group at 1 day, 3, and 7 days
postoperatively ( =0.004, 0.008, and 0.012, respectively)
(Student's test; Table 1).
Although TGF-茁1 tear levels gradually decreased after the
first postoperative day in both groups, the values on
postoperative day 7 were still higher than the preoperative
values (Figure 1). This result suggests that TGF-茁1 may be
able to inhibit corneal wound healing.
Haze No eyes in this study developed a corneal haze worse
than score 1 during the follow-up period. In general, corneal
haze decreased with time. Corneal haze scores at 1 month
after the surgery were significantly higher in the non-MMC
group( =0.03), but were similar to the MMC group at 3 and
6 months after the surgery ( =0.28 and 0.62, respectively)
(Pearson Chi-square test, Table 2).
DISCUSSION
Corneal haze is the major complication affecting stability
and predictability after surface corneal refractive surgery.
Haze can also occur after Epi-LASIK, the latest type of
surface ablation. MMC was originally used as a systemic
chemotherapeutic agent, but topical MMC has also been
widely used in ophthalmic indications. MMC is commonly
used during glaucoma filtering surgery to prevent scarring
and resultant bleb failure and as an adjunctive treatment in
pterygium surgery[7-9]. Recently, MMC has been advocated as
a potential modulator of wound healing after refractive
surgery [10]. Here, we attempted to determine if MMC could
reduce corneal haze after Epi-LASIK and investigate the
possible mechanism.
Haze varies among individuals and is correlated with
preoperative diopter, so in this study, MMC was randomly
applied in one eye of each patient who underwent
Epi-LASIK; the mean preoperative spherical equivalent
refraction was not significantly different between groups,
which had similar baseline characteristics. Mean epithelial
healing time was not statistically significant ( =0.39)
between the two groups, suggesting that the use of MMC is
safe and that it does not delay epithelialization.
We found that tear fluid TGF-茁1 levels were lower in the
MMC group at early postoperative time points. Although the
reason is not clear, we hypothesize that MMC may be able to
inhibit TGF-茁1 production. MMC is an antibiotic derived
from [11]. Its alkylating properties
enable it to inhibit DNA synthesis by cross-linking adenosine
and guanine nucleotides [11, 12]. At high concentrations, RNA
and protein synthesis can also be affected [11, 12]. So, MMC
primarily affects rapidly proliferating cells [5], including
activated keratocytes, and induces keratocyte apoptosis in the
anterior stroma[13]. Stromal myofibroblasts are thought to be a
significant contributor to corneal haze. Corneal
myofibroblasts produce atypical extracellular material and
have been shown to cause greater light scatter and haze [14, 15].

Cytokine penetration facilitates the development of
myofibroblasts [16], which are derived from keratocytes under
the influence of TGF-茁 [17]. Previous studies have demonstrated
that TGF-茁1 is a key cytokine regulator of myofibroblast
differentiation [18-20]. TGF-茁1 is a multifunctional cytokine
involved in the regulation of keratocyte activation;
myofibroblast transformation, proliferation, and chemotaxis;
and wound healing after refractive surgery. TGF-茁1 may be
released from regenerating corneal epithelial and stromal
cells in the ablated area following excimer laser ablation and
can be found in tear fluid [21-23]. MMC-induced keratocyte
apoptosis could decrease the amount of TGF-茁1 released,
causing a corresponding reduction in the amount found in the
tear fluid. These characteristics account for MMC's ability to
prevent haze, which may be mediated through TGF-茁1

suppression.
The corneal haze score was lower in the MMC group 1
month after surgery. A previous study reported that TGF-茁1

was positively related with corneal scar formation [24], which
led us to believe that the difference in the haze score
between the groups could be related to amount of TGF-茁1

released. Angunawela and Marshall [25] published results

Figure 1 Tear fluid TGF-茁1 levels (pg/min) in the MMC and
non-MMC groups.

Table 1  Preoperative and postoperative TGF-β1 tear levels 
( sx ± , pg/min) 

 MMC group 
(n=32) 

Non-MMC group 
(n=32) P 

Preoperative 54.12±12.83 50.84±14.46 0.34 
Postoperative  

Day 1 70.34±17.04 88.78±30.32 0.004 
Day 3 67.25±14.86 79.32±20.22 0.008 
Day 7 63.24±11.87 72.68±16.84 0.012 

 
Table 2  Corneal haze scores in the MMC and non-MMC 
groups                                       (n=32 each) 

Haze score 
Time Procedure 

0 0.5 1 
P 

MMC group 22 8 2 
1 month 

Non-MMC group 10 12 10 
0.03 

MMC group 25 7  
3 months 

Non-MMC group 19 9 4 
0.28 

MMC group 27 5  
6 months 

Non-MMC group 23 7 2 
0.62 

 

Effect of mitomycin C on TFG-茁1 levels following Epi-LASIK

314



陨灶贼 允 韵责澡贼澡葬造皂燥造熏 灾燥造援 6熏 晕燥援 3熏 Jun.18, 圆园13 www. IJO. cn
栽藻造押8629原愿圆圆源缘员苑圆 8629-82210956 耘皂葬蚤造押ijopress岳员远猿援糟燥皂

showing that TGF-茁1 inhibition could prevent haze after
refractive surgery. However, corneal haze decreased in both
groups over time, and there was no statistically significant
difference between the two groups at 3 and 6 months after
the operation, suggesting that the effects of MMC are short
lived.
In conclusion, our findings suggest that use of MMC
following Epi-LASIK is associated with a lower grade of
corneal haze in the early postoperative period, and this effect
may be mediated through TGF-茁1 suppression. We did not
observe any long-term effects of MMC on haze after
Epi-LASIK. Further investigation, including pharmacological
and molecular biological studies, will provide more
information regarding MMC's mechanism.
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