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Analysis of Cytokine Levels in Tears and Clinical
Correlations After Intense Pulsed Light Treating

Meibomian Gland Dysfunction
RUIXING LIU, BEI RONG, PING TU, YUN TANG,WENJING SONG, ROLANDO TOYOS, MELISSA TOYOS, AND
XIAOMING YAN
� PURPOSE: To investigate the change from baseline of
inflammatory markers in tears of dry eye disease (DED)
subjects owing to meibomian gland dysfunction (MGD)
after intense pulsed light (IPL) treatment and meibomian
gland expression (MGE) compared to sham treatment,
and the correlations with ocular surface parameters.

� DESIGN: Randomized, double-masked, controlled
study.
� METHODS: Those randomized into the active treatment
arm received 3 consecutive treatments (14w16 J/cm2)
approximately 4 weeks apart in the periocular region.
Control eyes received 3 treatments in the same intervals
of 0 J/cm2. Tear samples in all eyes were collected and
analyzed at baseline, week 12, and/or week 4 for inter-
leukin (IL)-17A, IL-6, and prostaglandin E2 (PGE2).
The correlations between cytokines and ocular surface
parameters were analyzed before and after IPL treatment.
� RESULTS: All of the inflammatory markers declined in
value compared to baselines. IL-17A and IL-6 showed
statistically significant decreases compared to sham treat-
ment at each measured time point. PGE2 showed statisti-
cally significant decreases compared to sham at week 12.
Results showed that the expressions of IL-17A and IL-6
correlated well with ocular surface parameters of the
lower eyelid before IPL. The changed values of IL-6
and PGE2 in tears correlated with the changed values
of partial ocular surface parameters after IPL treatment
in study eyes, respectively.
� CONCLUSIONS: The study results suggest that IPL can
significantly reduce inflammatory markers in tears of
patients suffering with DED owing to MGD after IPL
treatment. These findings indicate that IL-17A and IL-6
play roles in the pathogenesis of DED owing to MGD,
and the reduction of the inflammatory factors is consistent
with the improvement of partial clinical symptoms and
signs. (Am J Ophthalmol 2017;183:81–90. � 2017
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D
RY EYE DISEASE (DED) ATTRIBUTABLE TO MEIBO-

mian gland dysfunction (MGD) represents a
common and growing public health issue, partic-

ularly in older adults. MGD is a common cause of evapora-
tive dry eye, affecting almost 70% of the population in
some parts of the world, especially in Asia.1 Meibomian
glands are the largest sebaceous glands in the human
body. Meibomian glands synthesize and secrete a mixture
of lipids, termed meibomian oil or meibum,2,3 which is
delivered as a clear liquid via orifices located directly in
front of the mucocutaneous junction. MGD produces an
abnormal meibum that becomes more stagnant than the
usual clear liquid secretions.4,5 MGD and associated
evaporative tear loss is followed by increasing
inflammation on the surface of the eye and bacterial
overgrowth, as abnormal lipids can provide a rich
substrate for the resident bacterial microbiota. The
subsequent release of toxic bacterial products, such as
lipases, and the production and release of
proinflammatory cytokines are pathogenic. This
malfunction leads to worsening of abnormal meibum,
discomfort, and further derangements of the ocular
surface and tear film. Although there are different
pathogenic mechanisms responsible for DED owing to
MGD, evidence increasingly suggests that all forms of
MGD are characterized by varying ocular surface
inflammation.6,7 Many investigators have reported that
the chronic inflammatory status in patients with MGD is
associated with high concentrations of tear cytokines.8–12

Currently approved topical medications for dry eye, such
as cyclosporine and lifitegrast, target inflammation on the
ocular surface.13,14

Intense pulsed light (IPL) therapy uses light energy to
affect the skin surface, and is widely used in dermatology
to treat a variety of conditions, including facial rosacea,
port wine stains, seborrheic keratosis, and hypertrophic
scar.15 In addition, the IPL device emits energy in a band
from a base of the visible spectrum (580 nm) to near-
infrared (1200 nm).16 Concurrent ocular surface health
improvements have been observed serendipitously in
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patients undergoing IPL for the dermatologic manifesta-
tions of rosacea, leading to interest in evaluating IPL as a
potential therapy for DED owing to MGD. There has
been a growing number of physicians across the world
that use IPL to treat MGD and dry eye.17,18 Recently,
researchers demonstrated that IPL with multiple sculpted
pulses showed therapeutic potential for DED owing to
MGD, improving tear film quality and reducing
symptoms of dry eye.19,20

There are several related speculative mechanisms
whereby IPL treatment is believed to improve signs and
symptoms of DED owing to MGD. First, IPL produces
heat that is transferred to the thin periocular skin, which
allows the softening of meibum, aids expression, and melts
pathologically dysfunctional secretions.17 Second, the IPL
device emits energy that is preferentially absorbed by chro-
mophores in hemoglobin, closing abnormal vasculature in
the eyelid margin and adjacent conjunctiva and preventing
abnormal vessels from local release of inflammatory fac-
tors.16,21 Third, IPL therapy may exert an effect in relief
of inflammatory and neurogenic pain,22 which is highly
related to the improvement of clinical symptoms of DED
owing to MGD. Lastly, the IPL treatment can immediately
reduce bacteria loads of the eyelid margin and the sur-
rounding adnexa and the associated inflammation caused
by them.23 Despite the many anecdotal case reports outlin-
ing efficacy of IPL treatments in dry eye,17 research quanti-
fying the reduction in specific inflammatory markers during
and after IPL treatment is still sparse.

There is mounting evidence that inflammation plays a
key role in the pathogenesis of the ocular surface disease
that develops in dry eye.24 Interleukin (IL)-17A is a proin-
flammatory cytokine produced by T-helper cells and the
most commonly investigated member of the IL-17 family.9

There is an important role for IL-17 in dry eye inflamma-
tion processes.25 IL-17 and IL-6 have both been studied
as a possible connection between inflammation and ocular
surface parameters in DED.11,12,25 Further, prostaglandin
E2 (PGE2) levels were shown to be higher in tears of
MGD patients than in the normal controls.26 In this study,
we compared the levels of all 3 inflammatory markers—IL-
17A, IL-6, and PGE2—in tears of subjects suffering with
DED owing to MGD before, during, and after MGE com-
bined with either IPL or sham treatments so as to evaluate
the efficacy of IPL in reducing tear film cytokines. Addi-
tionally, we analyzed inflammatory factor levels in tears
and clinical correlations after IPL treating DED owing to
MGD.
METHODS

� SUBJECTS: This randomized, double-masked, controlled
clinical trial was conducted in compliance with the princi-
ples of the Declaration of Helsinki for the protection of
82 AMERICAN JOURNAL OF
human subjects in medical research and was approved by
the Human Research and Ethics Committee of Peking
University First Hospital before the study began. All partic-
ipants signed written informed consent forms before enroll-
ment. The study was registered at http://www.chictr.org.cn
(Study no ChiCTR-INR-16010256).
Subjects were recruited from the outpatient department

of the Department of Ophthalmology of Peking University
First Hospital from February 2016 to March 2016, and the
study was conducted in April 2016. The eyes of subjects
were randomized into study or control arms. The inclusion
criteria17,27–29 for this study were (1) adult patients over
the age of 18; (2) evidence of meibomian gland
obstruction (based on a meibomian gland secretion score
of <_12 for 15 glands of the lower lid); (3) Standard
Patient Evaluation of Eye Dryness (SPEED) >_ 6 in both
eyes; (4) Fitzpatrick skin type 1–4. Meibomian gland
secretion score was measured using the meibomian gland
evaluator (Tear Science Inc., Morrisville, North
Carolina, USA). The procedure was performed following
Lane protocol,27; 15 glands, in both upper and lower eye-
lids, were evaluated. For each of these glands, the secretion
was graded as follows: 0 ¼ no secretion; 1 ¼ inspissated/
toothpaste consistency; 2 ¼ cloudy liquid secretion; and
3 ¼ clear liquid secretion. The scores were then summed
to a single meibomian gland yield secretion score
(MGYSS). The SPEED questionnaire was used to evaluate
the severity and frequency of dry eye symptoms.28 Exclu-
sion criteria included (1) patients with any intraocular in-
flammatory condition, ocular surgery, or trauma in the past
6 months; (2) patients with present ocular infection or al-
lergy; (3) patients with any eyelid structural abnormality;
(4) patients with any systemic disease that could lead to
DED; (5) if subjects were unable to stop using medication
that may lead to DED; (6) patients currently being treated
with punctual plugs; (7) patients who tanned in the past
4 weeks; (8) patients with skin cancer or pigment lesion
in the treatment zone; (9) subjects who were pregnant/
nursing; (10) any systemic or local conditions that
researcher considered inappropriate for the trial. Quali-
fying subjects stopped all topical or oral dry eye medica-
tions, artificial tears, and interventions 2 weeks before
the baseline examination.
Eighty-eight eyes of 44 patients with DED owing to

MGD (12 male and 32 female) were enrolled into this pro-
spective study, with a mean age of 46.36 16.9 years (range
23–86 years).

� INTERVENTION PROCEDURE: The study and control
eyes of subjects were randomized according to the random
number table by the dermatologist (P.T.), who completed
the IPL treatments with the M22 system (Lumenis, Tel
Aviv, Israel). Before treatment, the subjects received
topical tetracaine/lidocaine cream (compound lidocaine
cream; Ziguang Pharmaceutical Co, Ltd, Beijing, China)
to periocular treatment areas for 30 minutes (surface
NOVEMBER 2017OPHTHALMOLOGY
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FIGURE 1. Intense pulsed light treatment zone included 6
overlapping periocular areas (8 mm 3 15 mm each) on each
eyelid.
anesthesia) and topical ophthalmic oxybuprocaine hydro-
chloride eye drops (Benoxil; Santen Pharmaceutical Co,
Ltd, Osaka, Japan) into the conjunctival sac 5 minutes
before treatment. The study eyes received IPL treatment
(14w16 J/cm2) depending on the Fitzpatrick skin type
per the Toyos protocol, followed by MGE on both the up-
per and lower eyelids using the Arita meibomian gland
compressor (Katena Products, Inc, Denville, New Jersey,
USA) with no heat. Control eyes received sham IPL treat-
ment (0 J/cm2), followed by the same MGE. Handheld
flashlights were used to simulate light flicker during IPL
therapy in the treatment of the control eyes. IPL treatment
was administered to the periocular tissues in 6 treatment
areas from the nasal to the temporal side on each eyelid,
for a total of 3 treatments approximately every 4 weeks.19

Patients received a total of 12 overlapping IPL pulses in
the periocular areas (8 mm 3 15 mm each) on the upper
and lower eyelids (Figure 1). Subjects received 1 full pass
with overlapping flashes to ensure treatment of the entire
area. All treatment areas were identical within different
subjects. Prior to light treatment, protective metal shields
were placed over the cornea and sclera. During the
follow-up period of IPL treatment, all subjects used poly-
ethylene glycol eye drops 3 times a day (Systane ULTRA,
Alcon Company, Fort Worth, Texas, USA).

� OCULAR SURFACE PARAMETERS: The primary outcome
measure was meibomian gland assessment (MGA),
measured using the meibomian gland evaluator. Evaluation
indicators were the number of meibomian glands yielding
liquid secretion (MGYLS) and the number of meibomian
glands yielding clear secretion (MGYCS). The scores
were then then summed to a single-score MGYSS accord-
ing to the above grading standards, termed u-MGYLS/
MGYCS/MGYSS for the upper lid and d-MGYLS/
MGYCS/MGYSS for the lower lid.27

SPEED questionnaire and ocular surface disease index
(OSDI) were used to evaluate the severity and frequency
of dry eye symptoms. Tear breakup time (TBUT) was
measured using moist fluorescein sodium strips (Jingming
New Technological Development Co, Ltd, Tianjin,
China). After the fluorescein was instilled into the
conjunctival sac, the patient was asked to blink several
times. Then the tear film was observed under the cobalt
blue filter during biomicroscopy. The average TBUT of 3
repeated measurements was recorded for each eye.
Following the TBUTmeasurement, the corneal fluorescent
staining (CFS) was measured. The cornea was divided into
4 quadrants. Each quadrant was graded on a scale of 0 to 330

(0 ¼ no punctate staining, 1 ¼ 1–30 instances of punctate
staining, 2¼ punctate staining >30 but no infused lesions,
3 ¼ infused lesions or ulcer). Total CFS of 4 quadrants
ranged from 0 to 12.

� TEAR SAMPLE COLLECTION AND ANALYSIS: Tear sam-
ples were collected by instilling 60 mL of phosphate-
VOL. 183 ANALYSIS OF CYTOKINE LEVELS IN TEA
buffered saline into the inferior fornix without topical anes-
thetic, followed by movement of the eyes to mix the tear
fluid content.31 A total of approximately 30 mL of unstimu-
lated tear fluid and buffer were collected from the inferior
tear meniscus of each eye using a glass capillary micropi-
pette at the lateral canthus. Samples were placed into a
200-mL Eppendorf tube and immediately transported in
an insulated cooler to a �80 C freezer, where they
remained frozen until further examination.
Tear cytokines IL-17A and IL-6 concentrations were

measured using a multiplex immunobead assay (BDTM
Cytometric Bead Array Human Soluble Protein Flex Set;
BDBiosciences, San Jose, California, USA) and flow cytom-
etry (BD LSRFortessa; BD Biosciences). The measurements
were performed according to protocol.32 Briefly, 10 mL tear
fluid was thawed and added to a 50-mL mixture containing
each capture antibody–bead reagent and 50 mL detector
antibody–phycoerythrin reagent. The mixture was subse-
quently incubated for 3 hours at room temperature and
washed to remove unbound detector antibody–phycoery-
thrin reagent before flow cytometry. Data were acquired
and analyzed using BD Cytometric Bead Array software to
calculate the cytokine concentration based on the standard
curves and a 5-parameter logistic curve-fitting model with
FCAPArray software v3. Flow cytometry was performed us-
ing the BD LSRFortessa system (BD Bioscience). The lower
limits of detection were the following: IL-17A, 0.3 pg/mL
(Human IL-17A Flexset, 560383; BD Biosciences); IL-6,
1.6 pg/mL (Human IL-6 Flexset, 558276; BD Biosciences).
The lowest cytokine concentration in the linear portion of
the standard curve was used for statistical comparison of
tear samples with concentrations of less than this level.
Tear concentrations of PGE2 were measured using a

PGE2 ELISA kit (ab133021; Abcam Inc, Cambridge, Mas-
sachusetts, USA) according to the manufacturer’s instruc-
tions. The diluted tear samples (100 mL) was placed in a
96-well goat anti-mouse IgG-coated plate and incubated
for 2 hours. After incubation, the plate was washed using
the provided washing buffer, and the color was developed
83RS AND CLINICAL CORRELATIONS



FIGURE 2. Intense pulsed light (IPL) downregulates the level
of interleukin (IL)-17A in tears of patients with dry eye disease
owing to meibomian gland dysfunction (MGD). IL-17A change
to baseline. Baseline corrected change of the level of IL-17A
(week 4 minus baseline; week 12 minus baseline). The mean
changed value of tear IL-17A level (pg/mL) after week 4 and
week 12 of IPL treatment in the study eyes and the control
eyes (mean ± SEM, n[ 44) is shown. ***P< .001 compared
to the study eyes at the same time point including week 4 and
week 12. ###P < .001 compared to week 4 in the study
eyes. Bars designate the means with 95% confidence intervals.
Week 4: difference value between pretreatment and week 4
after IPL treatment; Week 12: difference value between pre-
treatment and week 12 after IPL treatment.
by adding PNPP (200 mL) substrate after 45 minutes. The
amount of PGE2 was acquired and calculated using Gen5
2.04.11 software, which calculates the cytokine concentra-
tion based on the standard curves, and a 4-parameter logis-
tic curve-fitting model with ELISACalc. ELISA was
performed using the BioTekEpoch (1311227; BioTek
Instruments, Inc, Winooski, Vermont, USA). According
to the manufacturer, the assay’s lower limit of detection
was 13.4 pg/mL.

We collected tear samples of both eyes at baseline prior
to treatment, on week 4, and on week 12 for each subject.
Then, we selected the baseline, week 4, and week 12 points
to analyze the levels of cytokines IL-17A and IL-6 in the
tear samples; the baseline and week 12 points were selected
for analysis of the PGE2 concentration.

� STATISTICAL ANALYSIS: Data are expressed as mean
6 standard error of the mean (SEM). Analysis between 2
different time points (week 4 and week 12) for single vari-
able data was performed using a paired-samples test with
SPSS 17.0 for Windows software (SPSS Inc, Armonk,
New York, USA). To compare the change in cytokine con-
centration in tears of study eyes with control eyes at indi-
vidual time points, a paired-samples test was used.
Correlations between the expressions of cytokines and
ocular surface parameters, and between their changed
values after IPL treatment, were analyzed by Spearman cor-
relation coefficient, respectively. For all tests, P < .05 was
considered to be statistically significant.
RESULTS

� INTENSE PULSED LIGHT DOWNREGULATES THE LEVEL
OF INTERLEUKIN 17A IN TEARS OF PATIENTS WITH DRY
EYE DISEASE OWING TO MEIBOMIAN GLAND DYSFUNC-
TION: The changed values of cytokine IL-17A level in
tears on week 4 and week 12 after IPL treatment in the
study eyes were �173.49 6 32.26 and �211.75 6 33.78
pg/mL, respectively (n ¼ 44, mean 6 SEM). The IL-17A
levels of the control eyes were �64.64 6 24.12
and �89.616 22.21 pg/mL, respectively. All values repre-
sent a decrease from the pretreatment baselines. As shown
in Figure 2, IL-17A was more significantly reduced in the
IPL treatment arm than in the control after both week 4
and week 12 of IPL treatment (both P < .001). The value
of IL-17Awasmost significantly decreased at the final study
time point after 3 IPL treatments at week 12 compared to
week 4 of IPL treatment in the treatment arm (Figure 2,
P < .001). However, in the control eyes, no significant dif-
ferences were found between the measured values of
IL-17A at week 4 and week 12 of IPL treatment
(Figure 2, P ¼ .068).

� INTENSE PULSED LIGHT DOWNREGULATES THE LEVEL
OF INTERLEUKIN 6 IN TEARS OF PATIENTS WITH DRY
84 AMERICAN JOURNAL OF
EYE DISEASE OWING TO MEIBOMIAN GLAND DYSFUNC-
TION: The changed values of cytokine IL-6 level in tears
at week 4 and week 12 after IPL treatment in the study
eyes were �308.35 6 58.59 and �405.62 6 65.61 pg/mL,
respectively (n ¼ 44, mean 6 SEM). The IL-6 levels of
the control eyes were �50.61 6 22.08 and �143.46
6 25.99 pg/mL (in the order designated above). These
numbers represented a decrease from the pretreatment base-
lines. Compared to the control eyes, the value of IL-6 was
significantly more decreased in the study eyes after week 4
and week 12 of IPL treatment (Figure 3, both P < .01).
Like IL-17A, IL-6 levels were most significantly lowered af-
ter week 12 compared to week 4 (Figure 3, P < .01).

� INTENSE PULSED LIGHT DOWNREGULATES THE LEVEL
OF PROSTAGLANDIN E2 IN TEARS OF PATIENTS WITH
DRY EYE DISEASE OWING TO MEIBOMIAN GLAND
DYSFUNCTION: The changed concentration of PGE2 in
tears at week 12 after IPL treatment in the study eyes
was �1.64 6 0.14 ng/mL (n ¼ 44, mean 6 SEM). The
PGE2 level of the control eyes at the same time point
was �0.73 6 0.13 ng/mL (n ¼ 44, mean 6 SEM).
Both numbers represent a decrease from the pretreatment
baselines. Compared to the control eyes, the mean con-
centration of PGE2 was more significantly decreased in
the study eyes after week 12 of IPL treatment (Figure 4,
P < .001).

� CORRELATIONS BETWEEN CYTOKINES AND OCULAR
SURFACE PARAMETERS IN PATIENTS WITH DRY EYE DIS-
EASE OWING TO MGD BEFORE INTENSE PULSED LIGHT
NOVEMBER 2017OPHTHALMOLOGY



FIGURE 4. Intense pulsed light (IPL) downregulates the level
of prostaglandin E2 (PGE2) in tears of patients with dry eye dis-
ease owing to meibomian gland dysfunction. PGE2 change to
baseline. Baseline corrected change of the level of PGE2
(week 12 minus baseline). The mean changed value of PGE2
(ng/mL) after week 12 (in the IPL treatment endpoint) of IPL
treatment in the study eyes and the control eyes (mean
± SEM, n[ 44) is shown. ***P< .001 compared to the study
eyes in the IPL treatment endpoint. Values are expressed as
nanograms (means ± SEM, ng/mL). Bars designate the means
with 95% confidence intervals. Week 12: difference value
between pretreatment and week 12 after IPL treatment.

FIGURE 3. Intense pulsed light (IPL) downregulates the level
of interleukin (IL)-6 in tears of patients with dry eye disease
owing to meibomian gland dysfunction. IL-6 change to baseline.
Baseline corrected change of the level of IL-6 (week 4 minus
baseline; week 12 minus baseline). The mean changed value
of IL-6 (pg/mL) after week 4 and week 12 of IPL treatment in
the study eyes and the control eyes (mean ± SEM, n [ 44) is
shown. ***P < .001 compared to the study eyes at the same
time point including week 4 and week 12. ###P < .001
compared to week 4 in both eyes. Values are expressed as pico-
grams (means ± SEM pg/mL). Bars designate the means with
95% confidence intervals. Week 4: difference value between
pretreatment and week 4 after IPL treatment; Week 12: differ-
ence value between pretreatment and week 12 after IPL treat-
ment.
TREATMENT: The correlations between the expressions of
IL-17A, IL-6, and PGE2 and ocular surface parameters of
44 subjects were evaluated in protein levels. One eye was
randomly selected for statistical analysis. The correlation
analysis between the expression of IL-17A and IL-6 in pro-
tein levels and some ocular surface parameters (SPEED,
VOL. 183 ANALYSIS OF CYTOKINE LEVELS IN TEA
OSDI, BUT, and CFS) showed no statistical significance
(all P > .05). The correlation analysis between the expres-
sion of PGE2 in protein levels and any ocular surface
parameter showed no statistical significance (all P > .05).
On the other hand, the levels of IL-17A in tears correlated
well with d-MGYLS (R ¼ �0.680, P < .001; Figure 5, Top
left), d-MGYCS (R ¼ �0.44, P ¼ .003; Figure 5, Top cen-
ter), and d-MGYSS (R ¼ �0.692, P < .001; Figure 5, Top
right) at the pretreatment baselines. The levels of IL-6 in
tears correlated well with d-MGYLS (R ¼ �0.839, P
< .001; Figure 5, Bottom left), d-MGYCS (R ¼ �0.446,
P ¼ .002; Figure 5, Bottom center), and d-MGYSS
(R ¼ �0.845, P < .001, Figure 5, Bottom right) at the pre-
treatment baselines.

� CORRELATIONS BETWEEN THE CHANGED VALUES OF
CYTOKINESANDTHECHANGEDVALUESOFOCULARSUR-
FACE PARAMETERS AFTER INTENSE PULSED LIGHT
TREATING PATIENTS WITH DRY EYE DISEASE OWING TO
MEIBOMIAN GLAND DYSFUNCTION: Baseline corrected
change of the levels of cytokines and ocular surface param-
eters (week 12 minus baseline) represented a decrease from
the pretreatment baselines. The correlations between the
changed values of IL-17A, IL-6, PGE2, and ocular surface
parameters of 44 subjects were evaluated in protein levels.
The correlation analysis between the changed values of IL-
17A, IL-6, and PGE2 in protein levels and the changed
values of any ocular surface parameter showed no statistical
significance (all P > .05) in control eyes. On the other
hand, the changed value of IL-6 in tears correlated with
the changed value of d-MGYCS (R ¼ �0.411, P ¼ .006;
Figure 6, Left) after IPL treatment in study eyes. The
changed level of PGE2 in tears correlated with that of
CFS (R ¼ 0.311, P ¼ .040; Figure 6, Right) after IPL treat-
ment in study eyes.
DISCUSSION

MEIBOMIAN GLAND DYSFUNCTION IS A HIGHLY PREVALENT

and growing ocular surface condition with potential to
create long-term damage to the ocular surface. Current
therapies for DED with or without MGD remain nonper-
manent and many patients experience side effects or
incomplete resolution, prompting researchers to continue
exploration of more effective therapeutic approaches. IPL
therapy, which has been used extensively in dermatology
to treat chronic skin conditions including rosacea, is a rela-
tively new treatment in ophthalmology for patients with
evaporative DED.15 Although there are very few studies
published on the use of IPL in patients to reduce the signs
and symptoms of DED owing to MGD, IPL therapy has
promising results for these patients. Previous reports
outline statistically significant improvements in symptoms
and clinical examination findings of dry eye owing to
MGD.18 It is helpful to continue to build knowledge in
85RS AND CLINICAL CORRELATIONS



FIGURE 5. Correlations between cytokines (interleukin [IL]-17A and IL-6) and ocular surface parameters in patients with dry eye
disease owing to meibomian gland dysfunction before intense pulsed light treatment. Correlation between levels of IL-17A and IL-6 in
tears and ocular surface parameters including (at lower lid) number of meibomian glands yielding liquid secretion (d-MGYLS; Top
left, Bottom left), number of meibomian glands yielding clear secretion (d-MGYCS; Top center, Bottom center), and single meibo-
mian gland yield secretion score (d-MGYSS; Top right, Bottom right). The R and P values were determined with Spearman corre-
lation coefficient.

FIGURE 6. Correlations between the changed values of cytokines (interleukin [IL]-6 and prostaglandin E2 [PGE2]) and the changed
values of ocular surface parameters after intense pulsed light (IPL) treating patients with dry eye disease owing to meibomian gland
disease. (Left) Correlations between the changed values of IL-6 and the changed values of number of meibomian glands yielding clear
secretion of the lower eyelid (d-MGYCS). (Right) Correlations between the changed values of PGE2 and the changed values of
corneal fluorescent staining (CFS). The R and P values were determined with Spearman correlation coefficient.
this area by reporting the change in common ocular surface
inflammatory markers owing to MGE alone and also com-
bined with IPL.

Our study showed that IL-17A and IL-6 were signifi-
cantly decreased in tears from patients with DED owing
to MGD after IPL treatment in the study eyes. IL-17A is
the most commonly studied member of the IL-17 family,
which consists of 6 related proteins, from IL-17A to IL-
17F. Th-17 cells are the major source of IL-17A and F,
while other cell populations express IL-17A to a lesser
86 AMERICAN JOURNAL OF
extent. As a result, assessment of IL-17A indicates that
Th-17 cells are more likely to be the source cells than other
cell populations.9 Several reports previously highlighted
increased tear inflammatory cytokines such as IL-17 and
IL-6 in patients with DED owing to MGD.9,11,12,24

Normal meibum contains antimicrobial properties that
keep the lid margin clear from overgrowth.17 Abnormal
blood vessel growth from chronic inflammation (telangiec-
tasias) surround the meibomian glands and leak inflamma-
tory mediators that cause malfunction of the glands.33 This
NOVEMBER 2017OPHTHALMOLOGY



dysfunction leads to formation of an abnormal meibum.
Eyelid margin telangiectasias are often seen clinically in
patients with DED owing to MGD and ocular rosacea.
The pathophysiology of rosacea involves thinning of con-
nective tissues, allowing passive dilation of blood vessels
(erythema and telangiectasias) and extravasation of in-
flammatory mediators (causing papules and pustules).18

IPL allows for selective ablation of these superficial vessels
by targeting chromophores in hemoglobin, which not only
reduces telangiectasias and erythema but also presumably
decreases inflammatory marker access to the meibomian
glands.23 In this research, both IL-17A and IL-6 cytokines
were found to be decreased in tears from patients with DED
owing to MGD after IPL treatment. Potentially, IPL near
the lid should cause closing of the abnormal blood vessels
secreting inflammatory mediators, reducing the amount
of cytokines IL-17A and IL-6 found in the tears, and also
decreasing bacterial overgrowth by disrupting bacterial
cell walls with targeted wavelengths of light. Based on
this evidence, our data suggest that the decrease of tear
IL-17A and IL-6 may correlate with the reduction of signs
and symptoms of patients seen in other studies.17

In our study, the levels of both IL-17A and IL-6 in tears
correlated well with d-MGYLS, d-MGYCS, and d-MGYSS
at the pretreatment baselines. But, the correlation analysis
between the expression of IL-17A and IL-6 in protein
levels and SPEED/OSDI showed no statistical significance.
Associations between DED signs and symptoms are low and
inconsistent, which is consistent with the systematic liter-
ature review of the available evidence on associations be-
tween clinical signs and symptoms in DED.34 The results
of the study found that the indicators of the lower eyelid
and inflammation were more related. This suggests that
the lower eyelid may be more sensitive to inflammation,
compared with the upper eyelid index. The MGA of the
lower eyelid as an observation indicator in patients with
DED owing to MGD is more meaningful and, combined
with the upper eyelid, can be used as screening indicators.

There are some related speculative mechanisms whereby
the inflammatory factors in tears are more related to the
lower eyelid indexes in patients with DED owing to MGD.
First, there are about 25–40 glands (average 31), the length
of the central tarsal gland is about 5.5 mm, and the capacity
is 26 mL in the upper eyelid tarsal gland, whereas there are
about 20–30 glands (average 26), the length of the central
tarsal gland is about 2 mm, and the capacity is 13 mL in
the lower eyelid tarsal gland. The secretion lipid capacity
of the upper eyelid is 2 times that of the lower eyelid. Meibo-
mian glands are anatomically different between upper and
lower eyelids and may differ functionally, given that upper
eyelids move more prominently than do the lower eyelids
during blinking.35 Second, Eom and associates36 mentioned
that gravity may lead to meibum stagnancy in the ducts and
orifices, with the result that meibum is more difficult and
discontinuous to secrete in the lower eyelid than in the up-
per eyelid. In our study, we noticed that gland secretion
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function in the lower eyelids was damaged more seriously
than in the upper eyelids (2.36 3.2 vs 9.36 7.5 at the base-
line of the study) in study eyes, which is consistent with pre-
vious studies.37,38 It is presumed that the content of
inflammatory factors in tears may be more related to the
indexes of the lower eyelid. Third, the upper meniscus
filled out fully, and the excess tears were distributed to the
lower tear meniscus. Also, tear meniscus height and area
of the lower eyelid are greater and wider than the upper
eyelid.39,40 Coupled with the role of gravity, the lower
eyelid may contact the inflammatory factors in the tears
for a longer time and in a wider area, and thus lower
eyelid damage is more serious. In other words,
inflammatory factors can affect the function of the lower
eyelid, resulting in the content of inflammatory factors in
tears and lower eyelid indexes being more relevant. It is
further explained that lower eyelid damage is more serious
in patients with DED owing to MGD. So MGA of the
lower eyelid as a measure of DED owing to MGD
indicators is more meaningful.
The changed value of IL-6 in tears correlated with the

changed values of d-MGYCS after IPL treatment in study
eyes. This change suggests that the improvement of
d-MGYCS is likely to result in a change in the concentra-
tion of IL-6 after IPL treatment. The improvement of the
lower eyelid gland clear secretion is particularly associated
with the level of IL-6. IPL treatment is more relevant to the
change in IL-6. In our study, we noticed that the lowered
rate of IL-6 changes was greater than that of IL-17A
(�84% vs �52% at the end of the study) in study eyes.
IL-6 may be associated with an improvement in eyelid
gland signs after IPL treatment. This may be because the
decline in IL-17A is not large enough and the sample size
of the study is too small.
Reductions in the levels of IL-6 and IL-17A were seen at

each study time point in both arms of the study. Chauhan
and associates showed that blockade of IL-17 significantly
reduced the severity and progression of DED in vivo, which
was paralleled by a reduction in the expansion of Th17
cells.41 Assessment of IL-17A indicates that Th-17 cells
are more likely to be the source cells than the other cell
populations above.9 IL-6 also plays a critical role in Th17
cell differentiation.42 Further research is needed to deter-
mine which marker may be most critical and whether
Th17 cells are also changed when DED owing to MGD is
treated with IPL.
The data showed that levels of PGE2 were lowered in

both the control and the study arms and were lowest in
the study group receiving IPL. The changed level of
PGE2 in tears correlated with that of CFS after IPL treat-
ment in study eyes. PGE2 is a prostaglandin with a signifi-
cant role in inflammation.43,44 A small amount of PGE2 is
likely to be sufficient to elicit and maintain the
inflammatory pain state. PGE2 is a key mediator of pain
in inflammation,44 and its reduction may be responsible
for improvement of symptoms in patients receiving IPL
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for dry eye. Commonly detectable signs of DED owing to
MGD, including tear film instability, evaporative dry eye,
and eyelid inflammation, are caused by modified and defi-
cient meibum lipids.45 Lipid synthesis processes of the
meibomian glands are known to be affected by hormonal
(mostly androgen), vascular, and neuronal influences.46

PGE2 may be produced by damaged ocular surface cells,
induced by microbes present on the surface, or a result of
acute and chronic inflammation on the surface of the eye
and within abnormal meibomian glands.47 The elevated
PGE2 in DED patients may aggravate ocular surface inflam-
mation by inducing other inflammatory mediators. The
elevated PGE2 may stimulate tear production to overcome
surface dryness as well as to elicit irritation symptoms.
Reduction in PGE2 levels was also found in the tears of
all study patients, but was lowest in the active comparator
group receiving IPL. Themechanism by which PGE2 levels
are reduced by MGE and IPL is unclear but may be related
to reduction in bacterial loads, improvement in meibum
quality, decrease in skin inflammation, closure of telangiec-
tasias, and photomodulation of meibomian glands. Further
study is warranted to determine the role of PGE2 as a
marker in DED owing to MGD.

It is interesting that the lowered levels of IL-17A, IL-6,
and PGE2 were seen in the control group at all time points.
MGE is known to improve symptoms of dry eye disease.48

MGE could increase the meibum secretions, reduce the
inflammation reaction of meibomian glands, and then
lower the level of the molecules in tear samples. The study
results also indicate that IPL treatment combined with
MGE is more effective than expression alone. Expression
would be expected to initially increase the levels of ocular
surface inflammation as abnormal gland secretions are
expressed onto the surface and then would be expected to
decrease as abnormal secretions make way for healthier
oils.

The improved outcomes in inflammatory markers with
IPL treatment are likely owing to several mechanisms of ac-
tion. The wavelength of light used in IPL for patients with
DED owing to MGD is partially infrared, which can pene-
trate skin to the meibomian glands, generating enough
heat to melt the solid secretions in the dysfunctional
glands.49 The M22 model uses the cooling sapphire crystal
tip to cool the skin, allowing higher-temperature pulses
without epidermal burning.50 Secondly, optimized pulse
technology (OPT) is a feature on the fifth-generation
M22 unit that may confer outcome advantages. The OPT
can eliminate energy peak at the beginning of the pulse
and increase energy at the end of the pulse, so that the entire
energy output can safely and effectively heat the target
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tissue to the therapeutic temperature. Homogeneous
‘‘squared off’’ energy distribution provides more reproduc-
ible treatments for patients, which is also a feature not in
other technologies. Thirdly, the IPL is known to close
abnormal telangiectasia in skin rosacea, including ocular
rosacea, preventing the continued leakage of cytokines
that can perpetuate inflammation. Lastly, and possibly
most importantly, the specificwavelengths of light provided
by the IPL may also stimulate mitochondria of meibomian
glands to function normally through a process known as
photomodulation.51 This is the first published work outlin-
ing the study of these inflammatory markers over a typical
clinical treatment course.
There are several limitations in this study. The volume

of tear samples taken was not enough to analyze more
than these 3 inflammatory markers. Many hundreds of in-
flammatory markers are present in acute and chronic dry
eye, and some of these markers may prove to be even
more important as markers in this disease. Another limita-
tion is the female preponderance (73%) in our enrolled
patients, although it reflects the sex divisions seen in clin-
ical practice. The subjects were also asked to provide a sub-
jective assessment of their eyes one to the other, which
could introduce some variability. Lastly, it is possible that
the subjects could discern whether and how much light/
thermal energy was imparted to them, as there is no prac-
tical way to present IPL as a true sham treatment. In future
studies, clinicians could potentially test larger volumes of
tear samples at more time points and enlarge the sample
size to optimize the power of the study.
In conclusion, this research demonstrates the reduction

of 3 important ocular surface inflammatory factors—IL-
17A, IL-6, and PGE2—indicating that IPL combined
with MGE is more effective than MGE alone in reducing
inflammation of patients with DED owing to MGD. The
expressions of IL-17A and IL-6 in protein levels are consis-
tent with ocular surface parameters of the lower eyelid
before IPL treatment. Also, the reduction of the inflamma-
tory factors is consistent with the improvement of partial
clinical symptoms and signs (d-MGYCS and CFS). These
findings indicate that IL-17A and IL-6 play roles in the
pathogenesis of DED owing to MGD, and the IL-6 and
PGE2 in tears have potential to be a sign of symptom
improvement for IPL treatment in patients with DED
owing toMGD. In addition, these data present the possibil-
ity of an important new approach for treatment of DED
owing to MGD. More studies are required to elucidate
other issues related to DED, IPL, and its treatment,
including the best inflammatory marker to follow, ideal
treatment energies, and number of treatments.
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