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Abbreviations used in text and tables

T = Increase in/increased

| = Decrease in/decreased

A = Change in/changes to

-/- = Homozygous null mouse

- = totally depleted

ACAT-1 = Acyl-CoA:cholesterol acyltransferase-1

Auto-AG = Autoantigen

BUT = Breakup time

CALT = Conjunctiva-associated lymphoid tissue

Chr Bleph = Chronic blepharitis

CIC = Cicatrizing disease

Conj = Conjunctiva/conjunctival

Cont lens = Contact lens

DE = Dry eye

DES = Dry eye syndrome

EDA = Ectodermal dysplasia

ENV STR = Environmental stress

epi = Epithelia/epithelial

Epi. Diff/sq metaplasia = Epithelial differentiation/squamous
metaplasia

GVHD = Graft vs host disease

KCS = Keratoconjunctivitis sicca

Lac = Lacrimal

Meibom = Meibomian

IMG = Loss of meibomian glands

MGD = Meibomian gland dysfunction

NSS = Non-Sjogren syndrome

NSS/ACQ = Aqueous-deficient non-Sjogren syndrome

Nasolac = Nasolacrimal

NLD = Nasolacrimal duct

RA-MGD = Retinoic acid induced MGD

SCOP = Scopolamine

SiRNA = Small interfering RNA

Spont DE = Spontaneous dry eye

SS = Sjogren syndrome

TALT = Tear duct-associated lymphoid tissue

TBUT = Tear breakup time

Undif KCS = undifferentiated keratoconjunctivitis sicca

Lvit A = Vitamin A deficient

~Vit A = Vitamin A totally depleted
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Table 1. Information matrix: human tear film

Tear Volume/Osmolarity:
T Osmolarity, { Volume

Androgen

Contact

Deficiency Lens/DE

v/
T Evaporation / v/ 1,79
1 Meniscus / 7/ v/ v/ v/ 5,1013
Correlation: Evaporation to
osmolarity & lipid layer 4 14, 15
1 BUT, T Surface tension v v v/ v/ v/ 5,12, 1620

{ Glycoproteins, MUC5AC /

4 21-23

A Lipid patterns, Distribution v 24,25
1 Polar lipids v/ 26
{ Lipid layer, T Evaporation v/ 14
* Proteins:
A Proteins v 27,28
T Piasmin levels v/ 29
T MMPs v 30, 31
T Inflammation markers, PRPs v/ v/ 32
{ Lactoferrin 33
T Nine defensive molecules v/ 34
! Lysozyme, Lactoferrin 35
T Phospholipase A2 lla v v 36, 37

- Inflammatory Mediators:

Proinflammatory cytokines: IL-1, IL-6, IL-8, TNF«

*Type not defined
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Fag—H—7 2 AFHECE, GEBRNOEINC L > TRE

noofMifg, FiEREIC Table 2. Information matrix: animal tear film
XYL RBBRBEE. REMR Rabbit Mouse Refs
A74L—%—, BLUDE Tear Vol/Osmolarity
B A - -
RBLOLBOBAIHAT T Osmolarity +  Tear volume -Meibomian glands  Scop & Env Str 4849
H%o N T Osmolarity, T surface injury ~Lacrimal gland 50
U R & =1 H
DEMRZICH T 25 3R 1 BUT, | surface injury with dexamethasone -Lacrimal gland 51
BTBEBe Tt
DEMEFVIIBWTHEHE e
. - T Acylglycerols ~Lacrimal gland/nictitans 45
SHT. VEF—LEH. B —— - - —
Lipids in rabbit/human match -Lacrimal gland/nictitans 45

X UOTa7F— LB E

— Protei
W&, BHOR
. i _
WSTFF—h. DY Fe rotein erves .
TI-1B —Neurturin 53

A BRXUYS4a-20
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Table 3. Information matrix: human ocular surface

Undif KCS NSS/ACQ SS

Corneal and conj. epi. cell
damage as indicated by

dye penetrance — Fluorescein,
lissamine green, rose bengal

v v

i3, BROFIATABYEF NI BT HEERI. S0
FIATAHPETNCBT HMMBOER, BITFES I
YARBILBUY A X295 - —T7 2 A LEOAERIZX -
THEIEESN TV,

1995E 7 —2 Y a v 7UBEOREICL ), BHE YT EL
TOREER L5 0%E (in vitroo b b LML) . #ils
=V F—N—DLR(FIATAEBHTIR), BIXU%
ERTA P AA Y ORERIN (F5 A4 7AEBH~ Y R) 155
EIN7, Tt Fa7—H—7 2 ABEOFTFBEOWE
BN DOY—=NE LT, Hleo RAETVHAR SN,
ERBLU/ F7:3~ 4 K- ARBESRE< T RETFIVIL,
FF25 - -T2 AKEOL WERHE (BB, R
FERE[F4]) 2 WHEICL T,
BEOHBEER L., ERBELAZOBHKICB 44 ¥
F——T7 2 ARBORA T T 5701213, 254550
EHRLETHL, L FVERYAORERBLUCERBR O FEE
7T+ -0/ 754 a—-L00OKBIZE T, BYWEFTNV
DELUUHER LTI -OOXBEFEHEL, FIATAE
FANOTF— Y BREAEHET L EHNTETH B, FETRE
TBFEOFSAKRBETLVBLIUEREREF VL, 5561
RELTWLENS L, BEFIHE LT, HilllaRdrd
LWLBEODEDKH L L ->TWAEI EhE. LERME
o OMMK S LidHE S L Otk OBy HET S &
ENDH b, AELREON) THEERICT T2 ST LM
REESTFOELS2BHT 572012, siRNABH# 2 H W Tin
vitro DB REMRE F R TH L L ERATH B, F5A4 74
OEELBEFTNVICB TREGRREFERT L2012,
29T I, v Av. I s rEi AR

cic lVitA Contlens LASIK Refs

v v v v v Well established

{ Goblet cells v/ v/ v v/ v T v 5461

1 MucsacC v/ v 22,23
Mucin glycosylation altered v v 62-65

A Glycosyltransferases v 66

A Membrane-associated mucins v v 22,57, 65, 67

A Conj. Cell-Epithelial:

1 Microplicae v 68
Filamentary keratitis v 69
T Stratification v v 66, 70
Epi proliferation v/ 71
A Nuclear/chromatin structure v v 72-74
T Apoptosis v v/ v 75
A Innervation v v v 76-80
T Infection v/ 35,81
T Keratinization related proteins v v 82-84
Inflammatory markers on v / v 75,85

conj. epi. cells
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Table 4.

In vitro/human
oc surf epi

Information matrix: animal ocular surface epithelium

Goblet cells; mucins/glycoproteins:

Rose bengal penetrance -MUC16 86
| Goblet cells, MUC5AC -Vit A Scop & env str —VitA

—Meibomian gland —/- Neurturin 48,53, 87-91

-Neurotrophic keratitis /-1 xp-C
A Mucin glycosylation Spont. DE 92
1 Membrane associated mucins ~ -Vit A ~/- Neurturin Vit A 53,89,93,94
-Serum
1 Glycogen —Meibomian gland
—-Lacrimal gland 48, 50, 88

—Neurotrophic keratitis

' Epi. Diff/sq. Metaplasia:

-VitA Spont. DE

T Keratinization —Vit A 9597
T Conj epi proliferation Scop & env str 90
T Apoptosis Scop & env str 98

7 Ihflamma‘t@ry i:y,tqkin’es/vM;MPs":
+Hyperosmolar str

Reversal of ocular surface defects/inflammation without meibomian gland:

-/— Neurturin
Scop & env str
+ Hyperosmolar str

49,53, 99-101

EDA knockin 102

DOBIETFHREEBOFHZREL THRETH L, 77
LA g, JHIv ) -, BT —X - RVA
WREDFEREZFETILEND DL, F/-LEEEHAEOM
HEHMXDEORBRICERZRIZT»E,r2zHM T2 LD
EHTHA9,

V. RER

A. & MERSE

19954E 7 — 2 v a v IHhHDIEF A3, SSDEAHC
REHEBIZLZDOTHY, HOHURIIHTLIEEBRIEL
I RBEBOBMBERTIERITIEER LI, 1995E 0O H
EPBOH Y7 Ak, SSDED & T4 { NSSDEI
BOTLHEMARE L OCRBABORIESET A AL V3B
U THRBESEMLTWAZ EERLTWS, K547 A4
ZBWTIR. Y24 Y BLUFOZEEIBINT 5, B
HHmEER (GVHD) 2B F54 7141 ERB L UAF
F¥a9—H—T7 2 ALEOREL L UVREMBEEEES .
T/ BEESEMREB XU FHBRMBORE 4 ) BAEED
CHOEBOBETHL, AF 25— -7 ALEHREE
RKERELZAMTELZEEPATH S (F5),
DEBIIZE MEHOBELREIIB W TRERNRL
FTHRECHETAFHEIKRALATEL TS, BERERPHERE
CHER ABRICBITA2ZEMICET2HEHRP. BEOKRA L
GARERTFOMMEILE L UREICET 5 HEHE, 2
AEERE v, EOEAP—RETEOENE
KEPEC) THRERJOHMICLELHERIELNT
W p W,
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7% F (TGF-f. a-MSH. IL-1Ra%: &) %% X h IR
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Table 5.

Conjunctiva:

Information matrix: human immune system/dry eye
Undifferentiated KCS NSS

Rosacea DE

TCD3, CD8 cells v v/ 103
TCD4 and T cells v/ v/ v/ 104108
T Chemokine CCR5 receptor v/ v v/ / 109, 110
T Fas v/ 75
TicAM-1 / 111

Conjunctiva and Tears:

Tit1, TNFo and IL-8, IL-6

Conjunctiva and Lacrimal Gland:

T MHC class I, HLADR v v v/ v/ 75,105, 107, 110113
T CD40, CD40 ligand, CD80, CD86 v v v v 75, 107
Fibrosis v 107,108, 114

Lacrimal.Gland:

Lacrimal gland: T CD4, T & B cells 7/ v/ v/ 108, 115117
Ticam-1 v v 107,118
Inflammatory infiltrate v v 119, 120
Shared autoantigens, lacrimal & salivary gland v 115

T Fas-Fas ligand, IL-1p, IL-6, IFN-y, vascular cell

adhesion molecule-1 & intercellular adhesion v/ 121-123

molecule-1 Infiltrating lymphocytes, apoptosis

DOMENLETH L, T2, FIATAERBICBIT AL
REEZOEH LWL T 2L ERH DL (57 b7 v,
YVF =4, fifk = x50 TIX VP UoEBAH
W, MERTT K, TolEZEBEK —777 5 by o3y
HD &),

VI. RSA7AMEREBICBIFII2HBRD
BN AEREORER

A - AF 2T —H—T7x AIEIZ T 5 Cullen Symposium
(Baylor College of Medicine. 7¥#AMe 2 —X + >,
20054E1H. [ The Ocular Surface | Vol.3. #iil) Tid. DEIZ
RO RFEXZEOCBUSIVEEA F 25— -T2 A4
FECDOVTEBBICHET KRB (K1) 28RM8E3 25 AH7
bhj-130,

Table 6. Information matrix: animal immune system

In vitro Animal

IFN-y T HLA-DR, ICAM-1 Conj Primary Culture

Rabbit

1) BMAERE: AF25-F—T7x220HBK (41
A, HIH. BEICE530) 8, ARLOERNEELZF L0
RBEBIUOTIA I TFERh TR (FEER L) THE®
ME~O MBS BRI L A5,

2) BURERE: A x5V -7 AT LA (B
Wity) APURIRR MR (KR &) OFEMEILs LU
YISHEANDRA DL, THIRS T4 v r73ht
FaI Y —TzAEENETEHIEEMHEIZT S,

3 FERETCABELRBEGEHET S, S, REMERN
B, 7RI VARERNE BLUBREEOMBELEY
BrENE o THALLBRFEBICLZbDEER LNS,
FREORE/KE LRI, ABRORETEMERK ORI
AT B,

Mouse Dog Refs
124

Inflammation T Conj,

lacrimal gland apoptosis Scop & Env Str Spont. DE 96, 98
IFN-y in TH1-type inflammations and DE Scor:')srial ESr:\: Str, 118,125

T cells mediate local inflammation to eye drying

; Lac Inflammation & DE

Scop & Env Str 126

Autoimmune dacryoadenitis 127

T T cells, CD4 especially
TcD3T cells; CD8, CD4 GVHD Model 128
TicAM-1 MRL/Ipr mice 118
T MHC class II DE 129
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Figure 1. Hypothesis of the mechanism of acute and chronic immune inflammation.

I. Inflammatory stimuli (microbial antigens, trauma, UV light, hyperosmolar stress) initiate
acute immune inflammation by stimulating production and release of inflammatory cytokines
(eg, IL-1, TNF-o, and IL-6) by the ocular surface epithelial cells, which activate immature
antigen presenting cells (APCs) and increased expression of adhesion molecules (eg, ICAM
1) and selectins by the conjunctival vascular endothelium, which facilitates recruitment o
inflammatory cells to the ocular surface.

1. Chronic immune inflammation, which involves procurement and processing of antigens b
ocular APCs that migrate to the regional lymph nodes and spleen via conjunctival lymphatic:
and veins, respectively, and prime naive T-cells. Primed CD4 T-cells travel to the conjunctiva
where they adhere to activated vascular endothelium and enter the tissue through diapede
sis. Cytokines produced by activated T-cells, such as IFN-y, amplify the immune response b}
increasing adhesion molecules (eg, VCAM) expression by conjunctival blood vessels.

APCs = antigen presenting cells; CPls = corneal proteases; DC = dendritic cell; TNF-o =
tumor necrosis factor alpha; IL-6 = interleukin 6; IFN-y = interferon gamma. (Reprinted fron
McDermott AM et al. Pathways of corneal and ocular surface inflammation: a perspective
from the Cullen Symposium. Ocul Surf 2005;3(4):5131-5138.)
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Table 7. Information matrix;: human lacrimal gland/nasoiacrimal duct
Aging

GVHD
| ‘Lacrimal Gland E

107,108, 119, 120

Inflammatory infiltrate v v

Shared aqtoantlgens, lacrimal v 115
and salivary gland

T FAS-FAS ligand, IL-1B, IL-6, IFN-y,
VCAM-1, ICAM-1, Infiltrating v 121-123
lymphocytes, apoptosis

Viral etiqlogy of hepatitis C, HIV, v v 131-135
Epstein Barr

Autoantibodies to M3 muscarinic Y 136

acetylcholine receptors

Correlation: Serum autoantibody
levels to Schirmer with nasal v/ 137
stimulation and rose bengal/
fluorescein staining

T MUCs 4, 5AC & 5B in human

K4 TADBYETIL :jarc):lr:;:)l gland (4 cadavers with v 138
DEAMEHRT 7201 { Innervation in lacrimal glands v v 139
X, e b AWAICEB

_ T Fibrosis
FARBREBRONT A2 T T
P=—2B LSOt —A

Occluding nasolac. syst.

v 140

DEFHEALS L OB E1T ) (puntum plugs, etc.) improves v v >100 refs.
ZENEETHHLEZD oc. surf. DE
NnNs, FEYYAELDE~ DE & nasolac diseases occur

frequently in middle to v v 141

TAQFERO T QT F— A
advanced-age women
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LU HEMENDH B, T B
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iIhs,

VIll. A4 R—LiR
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Table 8. Information matrix: human accessory lacrimal gland (not DE relevant)

Acinar structure similar in accessory and main glands 142,143
Secretory immune system of accessory and main gland similar 142, 144,145
Innervation of accessory and main gland similar 146, 147
Protein secretion and signaling pathways similar in accessory and main glands 145, 148, 149
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Table 9.

In Vitro

Lacrimal:Gland:

Coculture of lacrimal acinar cells/ Lacrimal gland v

Information matrix: animal lacrimal gland/nasolacrimal duct

Rabbit

153157

lymphocytes activates lymphocytes
and cause inflammation in host
lacrimal gland

T Lymphocytic infiltration, CD4, CD8; MRL/Ipr mouse 158166
7T Fas, Fas-Ligand & cytokine NOD mouse

model of SS

Androgens ! inflammation, are MRL/Mp-pr/ Exp. Dog DE 161,
immunosuppressive & decrease Ipr mice; autoimmune 167-176
androgen receptors NZB/NZW dacryoadenitis

F1 Mouse

Lacrimal gland autoantigen or extract Mouse in vivo Rat in vivo 172,173,
causes lymphocytic infiltration in 177,178
lacrimal gland

Cholinergic function altered Sjogren’s NOD mouse 179, 180
syndrome ICAB9 is autoantigen model of SS

Lymphocytic infiltration blocks lacrimal MRL/Ipr 181
gland secretion by preventing nerve mouse model
release of neurotransmitters in of SS
Sjogren’s syndrome

o-fodrin is an autoantigen for the lacrimal NFS Mouse 182
gland and causes Sjogren’s syndrome model of SS

T vulnerability to herpes infection Cells of female 174

lacrimal gland
A Lacrimal gland gene express. Normal mouse 183

in corneal injury

Nasolacrimal duct (NLD);

3H-cortisol incorporated from NLDs into

Absorpt. of

No absorption

rabbit blood lipophillic of lipophillic
substances fr. substance from 184,185
tear fluid by tears by epi.
epi. of NLDs of NLDs
Anatomy useful for investigating NLDs Comparative Comparative
. . 184-186
studies studies
| Secretion
{ Innervation Aging model 187
T Lipofusci
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Table 10. Information matrix: human meibomian gland

Chr Androgen Cont
KCS Bleph MGD NSS SS Deficiency Aging Lens Refs
Meibomian gland loss/
obstruction/distortion 4 v v/18.5% v60% v/ v 6, 188195
decreased secretions
A Lipid profiles v v v 36, 196-198
Keratinization, orifice metaplasia v v/ 5,10
Meiting pt. of lipid 3°
higher than normal v 199
Bacterial strains associated
200
with Chr Bleph v
T Fluorescein, rose bengal v 195
. . . 36, 197, 198,
A Lipid layer; T Thickness v/ v v/ v 201, 202

OB HFEEIOVWTHAILEND S, MENFEDL
IZKBEREELTWEOH», £/-DETIR I ORKEIEIL
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B. in vitro /8 EFIL
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Table 11. Information matrix: animal meibomian gland

TrANEELESE, FEBOFAKEMB L URERBIZLZE
WHERMFS A TARF|ERITEVSABRIB O, <
YABLEUYYFICBIFLET7T Y FayX v REER., <4 F—
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Y5 (K1Do
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BEURHEBEAEOBHIIBII A4 F—2ROBH 21
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KMGDIZ B 2B OZELERET HLENDH L, 74 F—
LRGP O DR GV EBICERBICILA SO0, F 72
DEEBLURAROABELE 2RI T DICLELMA
KRR 2B ETEIENRLETH L, BEIIC, WED
BB L UMGDIZB I 2THEOE L2 BT 2L EXDH 5,

IX. RSAT7AIREOEBREIIDIEE
Ly N—Tik, ChETOREICBTERS NIHHIC
Hk$ 27— FIC#TE, FI4 71 DEEL 5 5EAEE
FEZRTDHIEFERIATHTH LN, TOREICHET LR
HARES AR ALHMLZ, TEFCRIGFT
A T7ADPERFHETHLILEREL TS, Flh FILE
VAREE, EEMSE. ). RERE. ARSIEORE, &
2, HEAK BIUEBHNAMNLAEVSEHFIZL - T,
FFa25—H—7 2 AROESOMBL - TS REIZE
b3 5, F %25 —4%—7x A% (Ocular Surface System)
L) HEB L UBEAE. 200655 7 a ) S~ A T ITIT

bI7-DEWSEBCTOREEEICL o THRASI

Rabbit Mouse Hamster Refs
1 MG, Conj. erythema RA-MGD model —/— EDA RA-MGD model 102, 203, 204
T Ductal keratinization MGD/epinephrine model 205
T Sterols and ceramides MGD/epinephrine model 206
Atrophic MG with ocular surface damage —/— ACAT-1 207
4 Androgens
As Lipids, gene expression castrated male model castrated male model 208-210

in meibomian gland
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