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Collagen types I and III in giant papillae of vernal
keratoconjunctivitis
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Abstract
Aims-The objective of this study was to
investigate alterations in conjunctival
collagen and proteoglycans in the con-
junctival giant papillae of patients with
vernal keratoconjunctivitis (VKC).
Methods-Tissue samples from tarsal
giant papillae of seven eyes from five
patients with VKC, and five tarsal con-
junctival samples from five normal
patients were obtained. Tissues were
processed and stained with haematoxylin
and eosin, Van Gieson, trichromic
Mallory, toluidine blue, Alcian blue, and
alkaline Giemsa. Collagen extraction was
performed in acetic acid and pepsin, total
collagen was quantified using hydroxy-
proline levels, and collagen types I and III
were analysed by gel electrophoresis
(SDS-PAGE). Proteoglycans were quan-
tified using uronic acid levels.
Results-Histological evaluation showed a
significant increase of mast cells in the
epithelium (0/mm2 v 147/mm2, p<0.01)
and in the stroma (5.1/mm2 v 80/mm2,
p<0-Ol) of VKC patients. Collagen fibres
were thicker and arranged irregularly,
with the total amount significantly
increased. Owing to an increased percent-
age of type III collagen, the ratio of col-
lagen types I to III was decreased.
Proteoglycans were also reduced in VKC
samples.
Conclusion-The well known morpho-
logical abnormalities observed in VKC
correspond to alterations in the ratio
between collagens and proteoglycans, and
between different types of collagen. The
greatly increased number of mast cells
found in these tissues suggests an active
role for these cells in the abnormal con-
nective tissue metabolism observed in
VKC.
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Vernal keratoconjunctivitis (VKC) is a recur-

rent inflammatory disease characterised by
tarsal conjunctival giant papillae resulting
from a hyperplasia of conjunctival connective
tissue. 1-3 An abnormal organisation of the
three dimensional network of conjunctival
collagen fibres in VKC may be the result of an
increased amount of total collagen relative to
other matrix components, such as the pro-
teoglycans, or of a modification in the ratio
between the fibre forming collagens, type I and
type III. This metabolic alteration, inducing
either an excessive production or a decreased
catabolism of the extracellular matrix, may be

an effect of many proinflammatory mediators,
cytokines, or both released by resident con-
junctival cells and by the numerous inflamma-
tory cell types infiltrating the tissue.4
The purpose of this study was to investigate,

from both a histological and biochemical
perspective, the nature of the giant papillae in
vernal conjunctivitis. Histologically, various
specific histochemical stains were used for the
illustration of the extracellular matrix and
various cell types. Biochemically, the total
amount of collagen and proteoglycans was
identified, in addition to the relative propor-
tions of fibre forming collagens, type I and III.

Materials and methods
Five patients (seven eyes) participated in this
study: three males and two female, ranging in
age from 11 to 20 years. Five tarsal conjunc-
tival biopsies were obtained from an additional
five normal, age matched subjects for controls.
Informed consent was obtained from all
patients or their parents. Conjunctival biopsies
were obtained under local anaesthesia with
topical bupivacaine 0-4% and/or local injection
of carbacaine 3%. Each biopsy was divided
into two sections, one fixed in formalin for
histological analysis, and the second, snap
frozen for biochemical analyses.

Formalin fixed and paraffin blocked speci-
mens were cut in 5 ,um sections and stained
with the following stains: haematoxylin and
eosin, Van Gieson, trichromic Mallory,
toluidine blue (pH 2), Alcian blue (pH 2), and
alkaline Giemsa. Sections stained with alkaline
Giemsa were used for cell counts at high
power magnification (X 1000). Mast cells,
neutrophils, eosinophils, basophils, lympho-
cytes, and plasma cells were identified accord-
ing to the criteria given by Allansmith.5
Fibroblasts were recognised as fusiform
elongated cells between the collagen bundles.
Cells were counted in the epithelium and in
the substantia propria of five consecutive high
power fields of a giant papillae section, and
expressed as number of cells/mm2.

After being defrosted, the frozen tissues
were placed for 30 minutes in a solution
containing 0-02 M EDTA, sodium chloride
4-5 M, 1 mM phenylmethylsulphonyl fluoride,
and 2 mM N-ethyl maleimide at 0°C. Samples
were washed, dried, weighed, and then
homogenised in 0 5 M acetic acid for 4 days
at 4°C. Suspensions were centrifuged for 45
minutes at 30 000 rpm and the supernatants
decanted. Pellet residues were digested with
0 5 M ac'etic acid and pepsin overnight at 40C,
and then centrifuged. The supernatants were
pooled with the first extraction. Precipitates
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Figure 1 Conjunctival section ofvernal keratoconjunctivitis giant papiUlae stained with
van Gieson (X 136). Note the thickness of the collagen fibres and their irregular
disposition. Note also the epithelial ingrowths.

(collagens) were obtained after dialysis from
the pooled, digested supernatants, which were
pelleted by centrifugation, dissolved in 0 5 M
acetic acid, dialysed against 0 5 M acetic acid
at 4VC, and lyophilised.
The total amount of collagen was deter-

mined by the quantity of hydroxyproline, since
this amino acid represents 12-14% of the
molecule. One ml of the sample was incubated
for 10 minutes at 40°C with 1 ml copper sul-
phate, 1 ml sodium hydroxide, and 1 ml
hydrogen peroxide. After cooling, 4 ml sul-
phuric acid and 2 ml of para-dimethyl-
aminobenzaldehyde were added to the sample
and it was incubated at 70°C for 16 minutes.
After cooling, samples were read by spectro-
photometry (Kontron Uvikon 930) at a wave-
length of 555 ,um.
The quantity of proteoglycans was deter-

mined by the amount of uronic acid present in
samples as described by Woessner.6
The collagen extracted with pepsin and

acetic acid was then analysed by gel electro-
phoresis on an SDS-polyacrylamide slab gel in
3 6 mM urea. As a standard, collagens I and
III (Sigma, St Louis, MI, USA) were used.
After electrophoresis, gels were stained with
Coomassie blue R-250 and then treated with
methanol/acetic acid for 1 hour. The relative

Table 1 Median number of cells/mm2 in the conjunctival epithelium

Lymph PC Neu Eos Bas MC Fib Total

Normal 135 - 65 - - - - 200
VK 65 8 74 48 2 147 - 344
p Value NS NS NS 0 05 NS 0 01 NS

Lymph=lymphocytes; PC=plasma cell; Neu=neutrophil; Eos=eosinophil; Bas=basophil;
MC=mast cell; Fib=fibroblast; VK=vernal keratoconjunctivitis.

Table 2 Median number ofcell/mm2 in the conjunctival stroma

Lymph PC Neu Eos Bas MC Fib Total

Normal 384 340 20 - - 5 115 864
VK 325 202 34 81 8 80 355 1085
p Value NS NS NS 001 005 001 001 005

Lymph=lymphocytes; PC=plasma cell; Neu=neutrophil; Eos=eosinophil; Bas=basophil;
MC=mast cell; Fib=fibroblast; VK=vernal keratoconjunctivitis.

quantity of collagen protein bands was
measured by an automatic laser densitometer
(Molecular Dynamics). The automatic inte-
gration ofthe areas corresponding to each peak
of the optical density profile gave the percent-
age of otl and a2 chains of collagens I and III.

Statistical analyses for cell counts were per-
formed using the Student's t test. Results are
listed as the mean (SEM). For statistical
significance, the assigned p value was <0 05.

Results
Morphologically, the normal conjunctiva con-
tained a delicate pattern of collagen fine fibres
arranged in layers parallel to the epithelial
surface. In tissues taken from the giant papillae
of patients with vernal keratoconjunctivitis,
collagen fibres, stained with both Van Gieson
and Azan Mallory, appeared thicker, irregu-
larly arranged and without a definite layer or
direction (Fig 1). Epithelial expansions and
ingrowths into the subjacent fibrous tissues
formed glandular-like processes and contained
numerous goblet cells. The density of goblet
cells, highlighted by the metachromatic stain,
toluidine blue, appeared higher than in the
normal epithelium.

Cell counts in the epithelium of VKC
samples showed a significantly increased
number of eosinophils and mast cells
(Table 1). In the conjunctival stroma, the
number of eosinophils (81 mm2) and basophils
(8 mm2) was significantly increased (p<0-01
and p<005, respectively) compared with no
cells present in normal stroma. Connective
tissue mast cells were also significantly
increased in VKC (80 mm2) compared with
controls (5 mm2, p<001). The numbers
of fibroblasts and fibroblast-like cells in
the stroma were significantly increased from
115 mm2 in normals to 355 mm2 in the giant
papillae of patients with VKC (p<0 01)
(Table 2). The total numbers of cells in the
stroma were also significantly increased
(p<005) in VKC compared with normal
tissues.
When the biochemical profile of tarsal con-

junctival tissue from VKC patients was com-
pared with that of normal conjunctival tissue,
the total amount of collagen expressed in °/0
dry weight was increased in every sample
(Table 3), with a mean total collagen of 3@1%
in VKC tissues compared with 1 1% in control
tissues. Conversely, the total amount of
proteoglycans was decreased in all VKC
samples, with a mean of 0-6% compared with
1.-0% in control samples.
Gel electrophoresis after pepsin treatment of

conjunctival tissues was used to identify ot1 (I),
a2 (I), and otl (RII) chains (Fig 2). In normal
tissues, collagen was 80% type I and 20%
type III, with a ratio of 4:1. In VKC tissues,
collagen was 68-4% type I (range 61-73) and
31-5% type III (range 27-39), with a ratio of
2:1 (Table 3).

Discussion
Vernal keratoconjunctivitis is a chronic
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Table 3 Quantity of collagen and proteogly
Samplepopulation Collagen Proteogls

Normal tissues:
Mean (n=5) 1-1 1.0

VK tissues (individual samples):
1 3-1 0-6
2 5-4 0-4
3 1-5 07
4 1-6 09
5 3-2 0.5
6 3-8 07
7 3-3 0-6
Mean (n=7) 3-1 0-6

VK=vernal keratoconjunctivitis.
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Figure 2 Gel electrophoresis ofcollagen extr
patients with vernal keratoconjunctivitis al
chains of type III collagen were measured by

tcans (% dry weight) in conjunctival tissue fibrosis of asthmatic patients."1 In the present
study, an increase in type III collagen was
noted in the giant papillae of VKC patients,

80 20 altering the proportion of fibre forming col-
lagens from the 4:1 ratio of type I: type III

68 32 collagen found in normal conjunctiva to a ratio61 39
72 28 of 2:1 in diseased tissue. These abnormal pro-
73 27 portions of type III and I collagen and pro-67 33
68 32 teoglycans are perhaps the biochemical basis of
69 31 the morphological changes long noted in the68 31-7 conjunctival connective tissue of VKC

patients.
How fibroblast induced synthesis of collagen

)gical inflammation originating from and non-collagen protein is influenced by
and cellular mediated mechanisms7 immunologically mediated inflammation has
n to a mucosal hyperreaction to non- not been previously investigated in VKC.
timuli.8 Results of the present study According to previous studies, in the recur-
hat giant papillae have a morpho- rent/chronic allergic response of VKC,
altered collagen structure. This eosinophils and connective tissue mast cells are

ity was observed in association with the two populations of cells most increased in
in mast cell, basophil, eosinophil, conjunctival tissues. An increased number of
)last populations. The collagen fibres mast cells has been observed in association
thicker and irregularly arranged with fibrosis in many other chronic inflam-

pithelial ingrowths. Biochemically, it matory disorders, suggesting that mast cell
onstrated that the total amount of mediators have a direct effect on fibroblasts
was increased three times in VKC and, thus, have the potential to affect the con-
with controls, while the percentage nective tissue microenvironment. Mast cells

Dglycans was reduced. Since the are known to be capable of activating col-
f fibroblasts was also increased in the lagenase12 and both mast cells and eosinophils
:onjunctiva of giant papillae, it is have tropic effects on fibroblasts.13 14
hat these cells, activated by growth Furthermore, fibroblasts have been shown to
mulating factors released by inflam- induce mast cell differentiation towards that of
ells, effectively increased the pro- the connective tissue phenotype, the subclass
f collagen. primary increased in VKC.'5 16 A fibroblast
-n type I is the most abundant col- stimulating role of basophils, notably present
he body and tends to be deposited in in VKC tissues, is also possible. Allansmith has
isible tissues. It consists of two x 1 (I) proposed in various studies that, in addition to
d one ot (I) chain in a triple helix con- anaphylactic atopy, an immunological mecha-
Type III collagen is comprised of nism similar to a cutaneous basophil hyper-

III) chains combined in a triple helix sensitivity contributes to the pathogenesis of
sely associated with type I in a wide VKC.17
tissues. Type III constitutes a high Histamine is the most prominent inflamma-
e of total collagen during develop- tory mediator released by mast cells and
d plays a major role in modulating basophils. Always increased in tears of patients
ucture and function in health and with vernal conjunctivitis,'8 19 histamine has
It was found increased in corneal been shown to stimulate fibroblast growth and
aling'0 and in bronchial subepithelial enhance collagen synthesis.20 21 Other poten-

tial contributors to the remodelling of connec-
3 4 5 6 7 tive tissue are inflammatory cell derived

proteolytic enzymes and heparin proteoglycan,
the major matrix component of mast cell con-
nective tissue.22 23

In conclusion, this study highlighted the
occurrence of an extensive deposition of col-
lagen in the conjunctiva of veral keratocon-
junctivitis patients. This collagen over-
production certainly cannot be considered a
unique phenomenon to VKC, but rather a
common finding in chronically inflamed tissue.
However, if the disease specific stimuli for its

!20, - hypersynthesis were identified, one facet of the
pathophysiology of VKC would be defined.
The origin of this defect may be directly related
to excessive fibroblast activity, due to: (1) a
continuous stimulation of fibroblasts by the
increased number of activated mast cells,
eosinophils and basophils with a subsequent
increase in cytokines and growth factors; (2) aracted from a normal subject (N) andfrom l

chains and a2 chains of type I collagen and al lack ofdown regulatory mechanisms; or (3) an
densitometry after gel staining innate hyperactivity of upper conjunctival
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fibroblasts. The expansion ofinflammatory cell
populations, the presence of abnormal bands
of fibrillar collagen and the modified propor-
tions of the constituents of extracellular matrix
suggest an active role of allergic inflammation
in connective tissue physiology. Further
studies involving the immunohistochemistry of
VKC conjunctival tissues and fibroblast
cultures from giant papillae are under way to
help elucidate the genesis of collagen over-
growth in VKC.
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