
RESULTS
BARRIER AND FENCE PROPERTIES BY TEER (Fig. 2): 
After 16h post stress induction, the epithelial barrier fence properties as measured by TEER have been impaired in HYP-DRY HCE: at 
16h +24h recovery the damage has not yet been reversed. None of the products have shown a film forming protective efficacy at this 
level.

CN HYP-DRY HYA HYA-P TOZ SYS OPT
0h 100 100 100 100 100 100 100
16h 106,76 70,27 62,96 64,41 68,89 64,38 70,53
16h + 24h 180,99 54,45 49,50 48,41 48,74 51,20 58,11

 -

 20

 40

 60

 80

 100

 120

 140

 160

 180

 200

%

BARRIER AND FENCE PROPERTIES BY TEER MEASUREMENT

Trehalose 3 %

Fig.2:  TEER measurement at basal level (0H), after dryness and hyperosmolar STRESS induction (16H) before pro-
ducts application and after 24h of treatment/recovery period (16h+24h). 

REAL TIME PCR RESULTS (Table 2)
Different defence or protective mechanisms are underlined according to the expression level of the selected genes: the products 
can be listed for different mechanisms of action. 

WATER LOSS BLOCK: an increase of AQP-3 as a positive effect to stimulate the increase of water content has been observed with: 
HYA-P/ SYS/ TOZ

OCULAR SURFACE’S HOMEOSTASIS AND BARRIER FUNCTION RESTORING (at tight junction levels):  a physiological recovery of OCLN 
and an increase of ZO-1 to build osmotic strenght has been found after treatment with: HYA / HYA-P / TOZ / SYS

MUCOADESIVITY: an increase of MUC4 associated to a positive adaptive and defense mechanism to improve the lipid layer film and 
to prevent evaporation. The bioadhesive properties has been found with: HYA-P / TOZ /SYS /OPT

ANTI-INFLAMMATORY AND EXTRA CELLULAR MATRIX DEGRADATION PROTECTION: all the products decreased the TNF alpha gene 
expression but only OPT decreased MMP-9.

AQP3 MMP9 MUC4 OCLN ZO-1 TNF ALPHA

CN 1 1 1 1 1 1

HYP-DRY 1,531 6,256 16,28 0,691 1,464 5,888

HYA 1,595 14,293 0 0,449 2,392 (+) 4,438 (-)

HYA-P 2,151 (+) 12,838 7,286 (+) 0,814 2,829 (+) 4,222 (-)

TOZ 1,835 (+) 11,534 32,004 (+) 0,943 (=) 2,312 (+) 4,386 (-)

SYS 2,127 (+) 10,761 20,046 (+) 0,757 2,437 (+) 4,198 (-)

OPT 1,544 6,755 (=) 12,283 (+) 0,7 1,668 3,193 (-)

(+) gene expression increase

(-) gene expression decrease

(=) gene expression stable

Table 2:  Relative quantification of target genes compared to calibrator sample (CN 16h+24h=1):  
Gene expression modification compared to HYP-DRY eye (positive control) results

concLUSion
Based on a multiple endpoints approach, a reproducible 
stress model condition mimicking hyperosmolarity and 
dryness of corneal epithelium had been established. The 
TEER and consequently the epithelial barrier functionality 
(as confirmed by the higher LDH release in the stressed 
HCE) and fence properties have been impaired by sorbitol 
adjunction and stressing (T° and R.H.) culture conditions. 
After the recovery period none of the products have shown 
a film forming effect in the established experimental 
conditions.
According to the prediction model based on the HYP-
DRY HCE positive control real time PCR results a global 
efficacy has been proposed to classify the products 
on the basis of their specific mechanism of action 
and efficacy at transcriptional level and immuno-
histomorphological analysis showing a degree of  
PROTECTION from epithelium damage:

>EXCELLENT protection: THEALOZ 
>GOOD protection: HYABAK Protector /SYSTANE
>MODERATE protection: HYABAK / OPTIVE

An improvement of corneal protective layer and mucin’s 
network to prevent evaporation with a strong enhancement 
of bioadhesive properties to increase retention of water 
(conservative pathway for AQP3) have been observed in 
particular for the products TOZ and HYA-P (trehalose and 
hypotonic hyaluronate). 

These genomic results confirm clinical and literature 
data regarding the product’s specific mechanism of 
action in protecting corneal epithelium surface from 
hyperosmolarity and dryness induced damages. 
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pURpoSE 
Tear Dysfunction Syndrome (TDS) or Dry Eye Disease is a multifactorial disease of the tears and ocular surface that results in symptoms of 
discomfort, tear film composition modification and instability with potential damage to the ocular surface. The corneal epithelium, the first 
line of barrier function is directly involved in the establishment of TDS which involves discomfort, pain associated to inflammation and matrix 
degradation. 

An innovative experimentally in vitro model induced DRY EYE on Human reconstituted Corneal Epithelium (HCE) has been applied to assess 
the efficacy of different tear substitutes: the model mimicks the dry eye ocular surface damage induced by both physical dryness and hyper-
osmolarity stress (Meloni M. et al. 2011). 
The established in vitro model based on the expression of specific markers on morphological and molecular levels has the characteristic 
features of a dry and hyperosmolar eye epithelium and represents a new tool for predictive pre-clinical assessment of the protective activity of 
ophthalmic formulations intended for the dry eye treatment.

mETHodS
TEAR SUBSTITUTES:
Different tear substitutes, iso-osmolar or hypo-osmolar, were tested (hyaluronate, trehalose, HP-Guar and carboxymethylcellulose [CMC]). 

1. VitroScreen, Milan (Italy) - 2. Laboratoires Théa, Clermont-Ferrand (France)

Table 1: EXPERIMENTAL DESIGN

EXPERIMENTAL
DESIGN 
PROTOCOL

As described in Fig. 1 Hyperosmolar Dry eye Model (HYP DRY HCE) has been induced by controlled environmental setting (reduced re-
lative humidity and increased temperature= RH<40% and T=40°C) with the addition of Sorbitol 0,6M in the medium for 16h.
The HCE tissues were then transferred in the defined standard conditions with fresh medium for 24h and then treated with 30l of tear 
substitutes. 
Selected products have been also applied on standard HCE.
A good cell viability of the tissues during this time has been previously confirmed. Negative (HCE in standard conditions) and positive 
(stressed HCE) controls, compared to tears substitutes-treated HCE have been analyzed to quantify the expression of the following 
biomarkers related to different dry eye pathways: 
•	TNF-α and MMP-9 (inflammatory markers at cellular and matrix level),
•	MUC-4 (adaptive and defense mechanism to fight the loss of lipidic film),  
•	AQP-3 (water channel protein that regulate transport of water and counteract dryness), 
•	OCLN and ZO-1 (tight junction biomarkers for epithelial barrier integrity)

END POINTS Epithelial barrier integrity and fence properties have been evaluated by:
1) LDH release in medium
2) Trans-Epithelial Electrical Resistance (TEER)
Biomarkers related to dry eye pathways have been evaluated by:
3) gene expression by Real Time PCR with TaqMan gene assay technology 
4) Immunohistochemistry analysis (AQP3 / MUC4)
5) immunofluorescence staining (TUNEL assay: in vitro cell detection)

Controlled 
< 40% RH 

= 40° C

PRODUCTS 
TREATMENT 24h

HCE

    16h INDUCTION

 + SORBITOL 0,6 M (in medium)

HYP-DRY HCE

24h RECOVERY AFTER STRESS

Standard: 90%RH/37°C

Experimentally induced in vitro Hyperosmolar dry eye on 
HCE model and treatments

Fig. 1: EXPERIMENTAL DESIGN

PRODUCTS 
CODE

OSMOLARITY 
ACTIVE INGREDIENT 

PRODUCT
 TRADE NAME 

HYA ISO-OSMOLAR   
0.15% hyaluronic acid Hyabak 0.15%

HYA-P HYPO-OSMOLAR
0.15% Hyaluronic acid Hyabak protector 0.15%

TOZ ISO-OSMOLAR
3% Trehalose Dihydrate Thealoz 3%

SYS ISO-OSMOLAR
Hydroxypropyl guar Systane Ultra

OPT ISO-OSMOLAR
0.5% carboxymethylcellulose Optive

IMMUNOHISTOCHEMISTRY/IMMUNOFLUORESCENCE (Fig. 3)
Hyabak protector (HYA-P) and Thealoz (TOZ) have been selected for their gene expression results to perform complementary analysis on protein 
expression.

AQP3 
The NEGATIVE CONTROL (A) presented a regular membrane staining of living epithelium.
Stressed HYP-DRY HCE (B) revealed a very weak and irregular membrane staining.
HYA-P (C) and TOZ (D) treatments induced an increase of AQP3 staining compared to the positive control (TOZ with strong signal).

MUC4 
No staining of living epithelium has been found in NEGATIVE CONTROL (G).
Stressed HYP-DRY HCE (H) increased MUC4 signal with regular nuclear and perinuclear staining.
HYA-P (I) and TOZ (J) treatments increased the expression of MUC4 in the nuclei of the whole epithelium (best signal for TOZ).
HYA-P (E-K) and TOZ (F-L) in both biomarkers induced a very weak signal on the not stressed HCE

TUNEL ASSAY: CELL DEATH DETECTION 
The NEGATIVE CONTROL (M) presented only few apoptotic cells in the whole epithelium 
Stressed HYP-DRY HCE (N) showed many apoptotic cells in the whole epithelium
The two products HYA-P/TOZ showed weaker and less apoptotic nuclei in the epithelium.

The whole results underlined the good protection offered by both treatments, in particular with TOZ, as a defence mechanism against the hyperosmolar 
dryness conditions.
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Fig.3: Immunohistochemistry staining of AQP3 (A-F) and MUC4 (G-L) - Immunofluorescence staining: Tunel assay (M-P) and DAPI (Q-T)

Hyperosmolar-dryness stress PREDICTION MODEL (Table 3)

Table 3: Hyperosmolar-dryness stress PREDICTION MODEL  

HYP-DRY 
HCE RESULTS

•	 Slight or not significant  increase of AQP-3 as a compensation of modified  osmosis and alteration of intracellular  
environment (water flow)

•	Increased expression of MMP-9 and/or TNF-α correlated to increased ocular surface inflammation

•	Increased MUC-4 as a compensation mechanism for the atrophy and loss of lipidic film

•	 Slight modulation of tight junction proteins (downregulation of OCLN and no-regulation  // upregulation of ZO-1):  
deregulation of ocular surface strenght and fence properties

DISCRIMINATION  
BASED on :
PRODUCT EFFICACY 
AT MOLECULAR LEVEL

The product have been classified according to the following prediction model based on the expression level of the selected 
gene signature:

•	 Increase AQP-3 as a positive effect to stimulate the increase of water content inducing  tear osmolarity stabilization.

•	 Increase MUC4 associated to a positive adaptive and defense mechanism to improve the lipid layer film and to pre-
vent evaporation by bioadhesive properties that leads to increase retention of water.

•	Decrease of TNF-α correlated to  antiinflammatory  mechanism at cellular level

•	Decrease of MMP-9 correlated to  antiinflammatory  mechanism at extracellular matrix level

•	To restore the junction proteins (physiological recovery of OCLN and increase of ZO-1) to build osmotic strenght. 


