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Lacrimal Gland Inflammation Is Responsible for
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Mice homozygous for a nonfunctional transforming
growth factor-B1 gene develop rampant inflamma-
tion in vital organs that contributes to a shortened life
span. The presence of circulating anti-nuclear anti-
bodies, immune deposits in tissues, leukocyte infil-
tration, and increased major histocompatibility com-
plex antigen expression resembles an autoimmune-
like syndrome. One of the overt symptoms that
appears in these mice lacking transforming growth
factor-B1 is the development of dry crusty eyes that
close persistently as their health declines. Histologi-
cally, the eyes appear normal with little or no inflam-
mation. However, inflammatory lesions, predomi-
nantly lymphocytic, develop in the lacrimal glands,
disrupting their structure and function and severely
limiting their ability to generate tears. This histopa-
thology and aberrant function mimic that of Sjégren’s
syndrome, a human autoimmune disease character-
ized by dry eyes and dry mouth. Impeding the leuko-
cyte infiltration into the glands with synthetic fi-
bronectin peptides, which block adhesion, not only
prevents the inflammatory pathology but also pre-
vents the persistent eye closure characteristic of these
mice. (Am J Patbol 1997, 151:1281-1288)

The transforming growth factor (TGF)-B family is involved
in fundamental biological processes associated with em-
bryogenesis, development, and immune and inflamma-
tory processes.'™ Whereas overlapping functions have
been described in vitro for the three mammalian isoforms
of TGF-B, which share a high degree of amino acid
identity and receptor binding, distinctive patterns of ex-
pression of TGF-B1, TGF-B2, and TGF-B3 during embry-
ogenesis suggest functional specificity in vivo.*~® The
unique phenotypes of the transgenic mice deficient in
each of the isoforms confirm their discrete functional
repertoires.” '° Beyond their distinct functional patterns,
the three isoforms can also be spatially and temporally

independent. For example, high levels of TGF-B1 as op-
posed to TGF-B2 and TGF-B3 are expressed in hemato-
poietic tissues during murine embryogenesis.’" In con-
trast, TGF-B2 is the predominant isoform expressed in
ocular tissues,® '2 suggesting a unique role for this pep-
tide in ocular development. The near absence of TGF-B1
in the eye would suggest that these tissues should be
unaffected in the TGF-B1-deficient mice. Surprisingly, the
physical appearance of the eyes of the TGF-B1—/— mice
suggests that abnormalities exist. TGF-B1—/— mice,
which exhibit multifocal inflammation and a wasting dis-
ease and die young, develop dry, crusty deposits around
the eyes and then the eyes become sealed shut. On the
basis of these observations, we investigated the ocular
tissues of the TGF-B1—/— mice to determine the patho-
logical basis for the eye disorder. Whereas no abnormal-
ities were apparent in the structure of the eye globes, it
became evident that significant lymphocytic infiltration
occurred in the lacrimal glands of these mice, consistent
with compromised function. The dry eye and recently
described dry mouth'® symptoms in the TGF-B1 null mice
resemble the clinical features of the human autoimmune
disorder Sjogren’s syndrome. Together with serum au-
toantibodies, immune deposits, leukocyte infiltration, and
major histocompatibility (MHC) expression, the pathology
that develops in the animals lacking TGF-B1 may also
represent an autoimmune-like disorder. 36

Previous studies have demonstrated the therapeutic
efficacy of synthetic fibronectin (FN) peptides in chronic
inflammation and autoimmune disease.'®'":'® Consistent
with the capacity for soluble FN peptides to block leuko-
cyte adhesion and recruitment into tissues of the TGF-
B1—/— mice,'>'® FN peptide treatment reversed the
characteristic inflammatory pathology in the lacrimal
glands and prevented the vision impairment in the
TGF-B1 knockout mice.

Materials and Methods

Animals

TGF-B1—/— mice were produced by targeted disruption
of the TGF-B1 gene in murine embryonic stem (ES) cells
derived from 129/SVJ blastocysts.? The targeted ES cells
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were injected into recipient blastocysts from C57BL/6J
mice and transferred into the uteri of pseudopregnant
C57BL/6J mice to produce germ-line chimeras. Het-
erozygous mice were interbred to produce TGF-B1—/—
offspring. Mouse genotype was determined by polymer-
ase chain reaction (PCR) analysis of tail biopsies. Mice
were maintained on standard mouse chow and supple-
mented with liquid diet food (Bioserv, Frenchtown, NJ).

Light Microscopy and Immunohistochemistry

Eyes and exorbital lacrimal glands were fixed in freshly
prepared 4% paraformaldehyde in phosphate-buffered
saline (PBS) and embedded in paraffin. Five-micron sec-
tions were stained with hematoxylin and eosin (H&E) for
microscopic examination. Additional sections were
stained for T cell (CD3, Dako, Carpinteria, CA), B cell
(B220, Pharmingen, San Diego, CA), and monocyte/mac-
rophage antigens (F4/80, Caltag, South San Francisco,
CA) using an immunoperoxidase technique (ABC Vec-
tastain rabbit (CD3) or mouse (B220, F4/80) Elite kit,
Vector Laboratories, Burlingame, CA) following manufac-
turer’s instructions. Sections were pretreated by micro-
waving in antigen retrieval solution (Biotek Solutions,
Santa Barbara, CA).

Evaluation of Lacrimal Gland Histology

Histological sections were scored from 0 to 4 based on
the presence or absence of foci of 50 or more mononu-
clear inflammatory cells.'® Grade 0 had no inflammatory
cells; grade 1 had inflammation with no foci; grade 2 had
at least one focus; grade 3 had two or more foci; and
grade 4 had multiple foci and evidence of glandular
destruction, glandular tissue replacement by mononu-
clear cells, and/or fibrosis.

Northern Analysis

Lacrimal glands were homogenized in Trizol reagent (Life
Technologies, Gaithersburg, MD), and total RNA was
isolated according to manufacturer's instructions. Five
micrograms of RNA were electrophoresed in a 1% aga-
rosefformaldehyde gel and transferred to a nylon mem-
brane using the Turboblotter system (Schleicher &
Schuell, Keene, NH). The membrane was baked at 80°C
for 2 hours, prehybridized at 42°C for at least 4 hours,
and hybridized overnight at 42°C with 32P-labeled cDNA.
The VCAM-1 (vascular cell adhesion molecule) cDNA
probe was generated by PCR from published sequences
(bp 1549 to 2585).2° The VLA-5a (very late antigen)
cDNA clone was kindly provided by Dr. V. M. Holers
(University of Colorado Health Sciences Center).2" Glyc-
eraldehyde-3-phosphate-dehydrogenase ~ (GAPDH)?2
and ribosomal RNA were used as housekeeping genes.
Filters were washed twice at room temperature in 2X
SSC, 0.1% SDS for 15 minutes and once at 65°C in 0.1X
SSC, 0.1% SDS for 30 minutes. Filters were then exposed
to phosphor plates and analyzed by a phosphorimager
(Molecular Dynamics, Sunnyvale, CA) using Image-

QuaNT software. Images were reproduced using MDIm-
age (National Institutes of Health, Bethesda, MD) and
MacDraw (Claris Corp., Santa Clara, CA) software.

Semiquantitative Reverse Transcriptase (RT)-
PCR

Total RNA (2 ug) was reverse transcribed using oligo(dT)
as a primer and Moloney murine leukemia virus RT (Life
Technologies).2® The cDNA was amplified by PCR using
appropriate oligonucleotide primers and predetermined
conditions.'® The amplified products were analyzed by
ethidium bromide staining after agarose gel electro-
phoresis and, in most cases, by Southern analysis. The
interleukin (IL)-18, tumor necrosis factor (TNF)-a, and
interferon (IFN)-y primer sets were obtained from Clon-
tech (Palo Alto, CA). Sequences for the IL-10 and GAPDH
primer sets have been reported previously.'®23 TGF-B1
(bp 675 to 700 and 1087 to 1110), TGF-B2 (bp 1982 to
2003 and 2355 to 2377), TGF-B83 (bp 1210 to 1227 and
1900 to 1920), IL-4 (bp 56 to 78 and 431 to 454), inter-
cellular adhesion molecule (ICAM)-1 (bp 66 to 93 and
565 to 588), and hypoxanthine phosphoribosyltrans-
ferase (HPRT; bp 602 to 626 and 740 to 764) primer sets
were synthesized according to published sequenc-
©s.24730 GAPDH and HPRT were used as housekeeping
genes to verify efficient cDNA synthesis from each RNA
sample and to allow for comparison of RNA species
between different samples. Dilutions of a positive CDNA
sample (concanavalin-A-stimulated mouse splenocytes)
were run simultaneously with the test samples to verify a
linear response curve (log concentration versus counts
per minute or densitometric units) for each primer set.'®

Fibronectin Treatment

FN peptides were synthesized and purified as de-
scribed.®' The peptides included the arginylglycyl aspar-
tic acid (RGD) domain, the alternatively spliced connect-
ing segment (CS-1), two nonoverlapping sequences
corresponding to the FN-C/H region of the A chain of FN
(FN-C/H-1, Tyr-Glu-Lys-Pro-Gly-Ser-Pro-Pro-Arg-Glu-Val-
Val-Pro-Arg-Pro-Arg-Pro-Gly-Val; FN-C/H-V (FN V), Trp-
GIn-Pro-Pro-Arg-Ala-Arg-lle) and a scrambled version of
FN V (Scr V, Arg-Pro-Gin-lle-Pro-Trp-Ala-Arg). All pep-
tides have tyrosine at their carboxyl-terminal end. Mice
received daily intraperitoneal injections (400 ug/100 wl)
of a mixture of the four peptides, FN V alone, or Scr V
peptides for 10 days, starting at day 6.8

Results
Ocular Pathology

Mice homozygous for the mutated TGF-B1 gene appear
normal for the first 2 weeks of life. Shortly after weaning,
the mice begin to exhibit symptoms of a wasting syn-
drome, appear disheveled with hunched backs, splayed
legs, and muscle atrophy and die between 3 and 4 weeks
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Figure 1. Ocular tissues of the TGF-B1—/— mouse. Physical appearance of TGF-B1—/— eye showing the crusty deposits and eye closure. A: Knockout, left;
wild-type, right. B and C: H&E staining of the TGF-B1—/— eye globe (B; magnification, X100) and higher magnification (X250) of optic nerve showing enhanced
cellularity (C). Cornea, retina, and optic nerve of the TGF-B1—/— mouse appear relatively normal as compared with the TGF-B1+/+ littermate (not shown). Ages

of mice ranged from 21 to 29 days.

of age. As symptoms progress, the eyes of the TGF-
B1—/— mice develop a dry, crusty appearance, and
eventually one or both eye(s) close completely (Figure
1A). However, based on histological examination, the eye
globe exhibited a normal structure, including lens, retina,
and cornea (Figure 1B), although, in some TGF-81—/—
mice, the optic nerve appeared more cellular, suggestive
of inflammatory cell infittration (Figure 1C).

Lacrimal Gland Histopathology

Because the eye globe exhibited no obvious pathology
and ocular dryness is a hallmark of an autoimmune con-
dition known as Sjogren’s syndrome in man, we focused
on the lacrimal glands as a potential source of pathogen-
esis in the TGF-B1—/— mice. No inflammatory lesions
were evident in glands from asymptomatic (=12 days)
TGF-B1—/— or TGF-B1+/+ mice. However, between the
ages of 2 and 4 weeks, inflammatory cell infiltrates were
obvious in the lacrimal glands of TGF-B1—/— mice, some
as focal lesions and others as large multifocal accumu-
lations of mononuclear cells (Figure 2, A, C, and D).
These lesions consisted of perivascular and periductal
aggregates of cells that invaded the surrounding paren-

chyma. As the development of the inflammatory lesions
progressed and more leukocytes migrated into the gland,
the acini became distorted, shrunken, and atrophic (Fig-
ure 2C). In severe lesions, the architecture of the gland
was disrupted and focal destruction of the secretory al-
veoli was evident. The lobular structure of the gland was
maintained; however, the space between the lobules in-
creased, indicative of glandular atrophy. In contrast, no
inflammatory lesions developed in the lacrimal glands of
wild-type mice (TGF-B1+/+; Figure 2, A and B). How-
ever, in some of the TGF-B1+4/— mice, minimal numbers
of mononuclear cells were evident near the ducts and/or
vessels but did not develop into inflammatory lesions
(graded as 0.5; not shown).

To determine the phenotype of the infiltrating mononu-
clear cells, lacrimal gland tissue sections were analyzed
by immunohistochemical staining (Figure 2, E and F).
Significant numbers of CD3-positive mononuclear cells
were present within inflammatory sites in the lacrimal
glands of TGF-B1—/— mice (Figure 2E), as were a sub-
stantial number of B220-positive B cells (Figure 2F). Lim-
ited numbers of macrophages were observed throughout
the gland (data not shown). The lymphocytic predomi-
nance of the inflammatory infiltrate is consistent with the
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Figure 2. Lacrimal gland histopathology of TGF-B1—/— mouse. A: Lacrimal gland sections were stained with H&E and evaluated for inflammatory changes.
Cellular infiltration was graded 0 to 4 based on number of inflammatory foci and glandular destruction (see Materials and Methods). No lesions were present in
wild-type (+/+, B) or heterozygous (+/—) mice. Lacrimal glands from some TGF-B1+/— mice contained a few mononuclear cells and were graded as 0.5 (A).
Pronounced mononuclear infiltration and tissue disruption were evident in TGF-B1—/~ lacrimal glands (A, mean lesion grade = 3.08 * 0.95, n = 12; C, grade
3). Ages of mice ranged from 17 to 39 days. Lacrimal gland serial sections from a 23-day-old TGF-B1—/— mouse were stained with H&E (D) or by
immunohistochemistry with antibodies specific for CD3 (E) and B220 (F) to demonstrate mononuclear cell infiltration. Dark staining areas represent positive
staining. Lacrimal gland tissues from TGF-B1+/+ mice were negative. Control slides without primary antibody were also negative. Magnification, X250 (B and

C) and X400 (D to F).

composition of lacrimal lesions observed in autoimmune
mice and in Sjégren’s patients.32-33

TGF-B Isoforms in Lacrimal Glands

The-absence of structural defects in the asymptomatic
eye and lacrimal gland suggested that TGF-B1 was not
essential for development of these organs. Because the
three isoforms of TGF-B have overlapping activities and
expression patterns,® we measured RNA levels of TGF-
B1, -B2, and -B3 to ascertain whether compensatory ex-
pression of other isoforms of TGF-B occurred in the ab-
sence of TGF-B1 (Figure 3). As anticipated, no TGF-B1
mRNA was detected by RT-PCR in lacrimal gland tissue
in the TGF-B1 null mice. However, no TGF-B1 was de-
tected in‘the lacrimal gland of the wild-type mice either,
consistent with reports in human lacrimal glands.®4®%
Immunohistochemical staining for TGF-B1 protein was
also negative in the eyes and optic nerves of knockout
and wild-type mice (data not shown). Whereas immuno-

histochemical staining patterns for TGF-82 and TGF-83
were similar in TGF-81—/— and TGF-B1+/+ eyes (data
not shown), some increase in TGF-B2, but not TGF-83
(slight decrease), mRNA was detected in lacrimal gland
tissue from TGF-B1—/— mice (Figure 3). The increase in
TGF-B2 does not appear to compensate for TGF-B1 in
preventing inflammatory events.

Increased Cytokine mRNA Expression in TGF-
B1—/— Lacrimal Glands

Several cytokine mRNA species were detected in lacri-
mal glands of TGF-B1—/— mice (Figure 4A), consistent
with studies in other tissues.”'*2® In four of four lacrimal
gland samples from TGF-B1 knockouts, increased levels
of IFN-y mRNA were detected by RT-PCR as compared
with wild-type TGF-B1+/+ mice. Likewise, all knockouts
examined expressed TNF-a and IL-4 mRNA, although the
level of expression was variable between the knockout
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Figure 3. TGF-B isoform expression in lacrimal glands. Total RNA was
isolated from lacrimal glands and analyzed for TGF-B isoform and HPRT
expression by semiquantitative RT-PCR. PCR products were electrophoresed
and visualized by ethidium bromide staining. No TGF-B1 was detected in
either knockout or wild-type lacrimal gland samples. (Age of mice, 32 days).

mice. One mouse with elevated TNF-a and IL-4 (TNF-«/
GAPDH and IL-4/GAPDH ratios were 2- to 10-fold greater
than the other three knockouts) exhibited more severe
symptoms, including persistently sealed eyes, emphasiz-
ing a pathophysiological link between lacrimal gland and
eye pathology and cytokine expression. IL-18 and IL-10
mRNAs, although variable, were higher in all TGF-g1—/—
lacrimal glands than in wild-type mice. Wild-type mice
did not express detectable amounts of either TNF-q,
IL-1B, IL-4, or IL-10 in their lacrimal gland tissue, but
some were weakly positive for IFN-y gene expression.

Adhesion Molecule Expression and Blockade

Because cell-cell interactions and cell adhesion occur
early in the development of lacrimal gland inflammation,
adhesion molecule expression on endothelial cells and
leukocytes was determined (Figure 4B). VCAM-1,
present on activated endothelial cells,3%-3” was elevated
in lacrimal glands of TGF-B1 knockout mice as compared
with wild-type controls. In addition, mRNA for the a5
chain of a5B1 (VLA-5), the FN receptor present mostly on
leukocytes and fibroblasts,?' was also elevated. ICAM-1
mRNA was also increased in lacrimal gland tissue of
TGF-B1—/— mice (data not shown).

As adhesion molecule expression likely precipitates
leukocyte recruitment into the lacrimal glands of TGF-
B1—/— mice, we attempted to block this process with FN
peptides, which interfere with integrin-ligand binding."”
Daily treatment with pooled FN peptides or FN-C/H-V (FN
V) peptide alone, previously shown to prevent the infiltra-
tion of leukocytes into heart, lung, and salivary gland of
the TGF-B1—/— mice and extend the life span of the
mice,'® blocked the infiltration of leukocytes into the
lacrimal glands. By preventing inflammatory cell accumu-
lation, the FN peptides preserved the structure of the
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Figure 4. Cytokine and adhesion molecule mRNA expression is increased in
lacrimal glands of TGF-B1—/— mice. Total RNA from lacrimal glands was
reverse transcribed and amplified by PCR using cytokine-specific primer sets
(A). PCR products were analyzed by Southern analysis. Adhesion molecule
RNA was detected by Northern analysis (B). Ages of mice ranged from 22 to
32 days.

gland and, in doing so, maintained its function and tear
secretion to keep the eyes open and maintain vision
(Figure 5, A and C). By comparison, the eyes of the
untreated knockout mice, PBS-treated mice, or mice
treated with scrambled FN peptide (Figure 5, B and C)
became dry and sealed shut. The inhibition of inflamma-
tory disease in the FN peptide-treated mouse was re-
flected by a reduction in IFN-y mRNA (Figure 5D) com-
pared with the scrambled peptide-treated knockout.

Discussion

Mice deficient in TGF-B1 (TGF-B1—/—) develop inflam-
matory lesions in the lacrimal glands that compromise
their function resulting in symptoms of dry eyes and
persistent eye closure. Parallel lesions in the salivary
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Figure 5. FN treatment prevents eye closure and reduces IFN-y expression. Mice were treated daily for 10 days with 400 ug of pooled FN peptides, FN V peptide
alone (A) or a scrambled version of this peptide (Scr V, B). Pictures were taken on day 21 and tissues harvested for RNA. The frequency of eye phenotypes in
the two treatment groups is shown in C (P < 0.01 as determined by Z score from odds ratio analysis). After RT-PCR, products were analyzed by Southern
hybridization to IFN-y and GAPDH cDNA (D). Densitometric units of IFN-y mRNA were normalized to GAPDH.

glands of TGF-B1—/— mice result in glandular dysfunc-
tion and reduced saliva production.' Similar histopathol-
ogy of the lacrimal and salivary glands to that of the
human autoimmune disorder Sjégren’s syndrome sug-
gests an autoimmune etiology. Elevations in serum au-
toantibodies, including antibodies to double-stranded
DNA, single-stranded DNA, and Smith (Sm) ribonucleo-
protein, and immune deposits in the kidney provide ad-
ditional evidence for a systemic autoimmune-like re-
sponse in the TGF-B1—/— mice (M. Frazier-Jessen, M.
Christ, N. McCartney-Francis, D. Klinman, S. Bauer, |I.
Katona, J. Ward, S. Wahl, manuscript submitted).3-15.38
Furthermore, MHC antigen expression is elevated in TGF-
B1—/— mice,'® and double knockout mice for TGF-B1
and class Il (TGF-B1—/—, class Il-/—) antigens show
partial reduced expression of serum autoantibodies and
reduced inflammation.°

Although the mechanism of the inflammatory pathol-
ogy in the TGF-B1-—/— mice is not known, the absence of
the suppressive milieu of TGF-B1 may contribute to the
overexpression of adhesion molecules and cytokines that

promote recruitment and activation of inflammatory cells,
leading to the development of the autoimmune-like le-
sions.“°~44 Elevations in local adhesion molecule and
cytokine expression as detected by mRNA and immuno-
histological analyses have been observed in Sjégren’s
syndrome and in autoimmune mice displaying salivary
and lacrimal gland inflammation.*®=4° Interference with
leukocyte adhesion through the use of antibodies to in-
tegrins or, as in this and previous studies, soluble syn-
thetic FN peptides, prevents inflammatory cell infiltration
and facilitates resolution of inflammation. 31850 Further-
more, recent studies suggest that soluble RGD-contain-
ing peptides not only interfere with leukocyte adhesion to
endothelial cells and matrix but may also block integrin-
mediated signal transduction that is critical for the per-
petuation of inflammatory processes. In addition to me-
diating cell adhesion, matrix binding engages a signaling
cascade that potentiates cytokine signaling and induc-
tion of certain inflammatory and cytokine genes.3”5’
Treatment of TGF-B1—/— mice with adhesion-blocking
synthetic FN peptides not only prevented the tissue infil-



tration but also reduced gene expression of cytokines,
including IFN-vy.

IFN-v, in particular, may play an important role in the
pathogenesis of these lesions by inducing epithelial cell
MHC antigens.*®4%52 |FN-y mRNA is elevated in the
lacrimal gland and salivary gland of TGF-B1—/— mice,'®
and elevations in IFN-y protein in the plasma of TGF-
B1—/— mice have been observed (Frazier-Jessen et al,
manuscript submitted). Furthermore, IFN-y message lev-
els are increased in the salivary glands of TGF-B1—/—
mice before the onset of inflammation, suggesting a role
in the early pathogenesis of the inflammatory response. '3
Similarly, IFN-y mRNA levels are increased at the onset of
disease in autoimmune mouse strains*® and in salivary
and lacrimal glands of Sjogren’s patients,*®°® and mea-
surable levels of IFN-vy protein are detectable in saliva of
Sjogren’s patients.*® These cytokines may be derived
from the infiltrated leukocytes but also may be the prod-
ucts of resident mononuclear cells and salivary and lac-
rimal epithelium.*®

Both pro-inflammatory cytokines TNF-a and IL-18 were
increased in the lacrimal glands of the knockout mice.
The level of cytokine expression correlated with severity
of wasting disease and eye closure. The role of TNF-«
and IL-1B in the pathogenesis of the inflammatory pro-
cess in the TGF-B1 knockout mice is not known. Both
cytokines may contribute to tissue damage through direct
cytotoxic effects or by induction of reactive nitrogen or
oxygen pathways. TNF-a and IL-1 can also directly and
indirectly up-regulate the expression of other cytokines
and adhesion molecules to further amplify the inflamma-
tory process.*®

In addition to pro-inflammatory cytokine expression,
the TH2 cytokines IL-4 and IL-10 were also elevated,
suggesting a pandemic activation of the cellular immune
response. Expression of TGF-B2 mRNA in the lacrimal
glands was also increased as compared with wild-type
littermates and may reflect an attempt to compensate for
the lack of TGF-B1.

Eye closure generally occurred during the later stages
of the inflammatory process and was often used as an
indicator of impending death. However, as no changes in
the eye globes accompanied the visual impairment, ex-
cept for occasional inflammation of the optic nerve, the
lacrimal glands were considered responsible for the
pathogenesis. In autoimmune MRL/MP mice, lacrimal
gland inflammation occurs in young (4 to 5 months of
age) and old animals, but ophthalmic abnormalities such
as choroiditis, scleritis, and orbital vasculitis are primarily
limited to older mice.>® These and other studies suggest
that the dynamic ocular changes in a variety of autoim-
mune mouse strains may be attributed to the effects of
lacrimal gland inflammation and decreased tear-
ing.'®%4%¢ The extremely short life span of the TGF-
B1—/— mice may preclude the development of additional
ophthalmic abnormalities. Nonetheless, blockade of lac-
rimal gland inflammation with systemically delivered ad-
hesion-blocking FN peptides prevented the lacrimal le-
sions and, consequently, the dry, sealed eyes.
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