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Abstract 

Purpose Trachoma, a chronic follicular 

conjunctivitis caused by infection with 

Chlamydia trachomatis, is the leading cause of 

preventable blindness. The blinding 

complications are associated with progressive 

conjunctival scarring that may result from 

immunologically mediated responses. We 

studied the processes involved in the 

regulation of inflammation and fibrosis in 

trachoma by investigating the expression of 

fibrogenic cytokines in the conjunctiva. 

Methods We studied conjunctival biopsy 

specimens obtained from nine subjects with 

active trachoma and from four control 

sUbjects. We used immunohistochemical 

techniques and a panel of monoclonal and 

polyclonal antibodies directed against 

interleukin-la (lL-la), interleukin-ll3 (lL-ll3), 

tumour necrosis factor-a (TNF-a) and platelet

derived growth factor (PDGF). In addition, we 

characterised the composition of the 

inflammatory infiltrate by the use of a panel of 

monoclonal antibodies. Sirius red and Van 

Gieson stains were used to characterise the 

extent of fibrous tissue in the substantia 

propria. 

Results Trachoma specimens showed greater 

numbers of inflammatory cells than control 

specimens. The expression of cytokines was 

absent in the normal conjunctiva. Cytoplasmic 

IL-la and IL-ll3 expression was noted in the 

conjunctival epithelium in all trachoma 

specimens. IL-la, IL-ll3, TNF-a and PDGF 

were detected in macro phages infiltrating the 

substantia propria. B lymphocytes 

predominated over T lymphocytes in six 

trachoma biopsies with fibrosis confined to 

the deep substantia propria, whereas 

T lymphocytes predominated over 

B lymphocytes in three biopsies with more 

extensive fibrosis. In all trachoma biopsies 

helper/inducer T lymphocytes outnumbered 

suppressor/cytotoxic T lymphocytes. 

Conclusions The upregulated local production 

of IL-la, IL-I3, TNF-a and PDGF might 

contribute to conjunctival damage and 

scarring in trachoma. 
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Trachoma, the world's leading infectious cause 
of blindness, is estimated to affect 500 million 
people, 7 million of whom are blind.1 It is 
caused by serovars A, B, Ba and C of Chlamydia 

trachomatis.z In its early (active) stage, which is 
seen principally among children in endemic 
areas, it is characterised by a chronic follicular 
conjunctivitis which affects principally the 
upper tarsal conjunctiva. Among older 
individuals in endemic areas, conjunctival 
scarring replaces the follicles and may lead to 
entropion, trichiasis and corneal blindness. 

The pathological mechanisms by which 
trachoma causes conjunctival scarring are 
unclear. Although the growth of C. trachomatis is 
restricted to the epithelium, the consequences of 
infection, namely conjunctival and 
subconjunctival scarring, can lead to dry eye 
syndrome, entropion and trichiasis. In previous 
immunohistochemical studies we have 
demonstrated that the conjunctival biopsies 
from children with active trachoma showed an 
intense epithelial inflammatory infiltrate 
consisting of macrophages, T lymphocytes and 
dendritic cells. The stromal inflammatory 
infiltrate was organised as B lymphoid follicles, 
and there was also a diffuse infiltrate consisting 
of B lymphocytes, T lymphocytes, macrophages, 
dendritic cells and plasma cells in which IgA + 
cells were most prevalent. In addition we have 
shown that the superficial epithelial cells 
infected with C. trachomatis expressed major 
histocompatibility complex (MHC) class II 
antigens, which may render these cells capable 
of acting as antigen presenting cells, thereby 
enhancing the immune response?,4 

Prevention of trachoma-induced damage to 
the ocular surface requires an understanding of 
the factors that promote conjunctival tissue 
destruction and fibrosis in trachoma. Therefore, 
using immunohistochemical methods we 
examined the in situ expression of the fibrogenic 
cytokines interleukin-la (IL-la), interleukin-1I3 
(IL-II3), tumour necrosis factor-a (TNF-a) and 
platelet-derived growth factor (PDGF) in 
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Table 1. Monoclonal and polyc/onal antibodies used in this study 

Antibody Specificity Working dilution Sourcea 

Anti-IL-1oc IL-1oc 1:10 Oncogene Science 
Anti-IL-1[3 IL-1[3 1:10 Oncogene Science 
Anti-PDGF (pc) PDGF 1:10 Oncogene Science 
Anti-TNF-oc (pc) TNF-oc 1:10 Innogenetics 
L26+ Pan-B cells 1:100 Dakopatts 
OKT/ T helper / inducer cells 1:20 Ortho Diagnostics 
Leu3a+ T helper / inducer cells 1:5 Becton-Dickinson 
OKTs+ T cytotoxic/ suppressor cells 1:10 Ortho Diagnostics 
KP1+ Macrophages 1:50 Dakopatts 

IL-l, interleukin 1; PDGF, platelet derived growth factor; TNF, tumour necrosis factor; (pc), polydonal antibodies. 
aOncogene Science, Cambridge, MA, USA; Innogenetics, Gent, Belgium; Dakopatts A/S, Copenhagen, Denmark; Ortho Diagnostics, 
Raritan, NJ, USA; Becton-Dickinson, Sunnyvale, CA, USA. 

conjunctival biopsy specimens from patients with active 
trachoma and related the observations to the 
inflammatory infiltrate. These cytokines were selected on 
the basis of a large body of data demonstrating their 
importance for the induction of fibrosis. 

Patients and methods 

Study subjects and specimen collection 

School children in a village in the Eastern province of 
Saudi Arabia were examined using a binocular 
magnifying loupe (4X magnification) and a portable light 
source. The diagnosis of active trachoma and the grading 
system of the intensity of the disease were performed 
using the recommended World Health Organization 
criteria.l A total of nine children with active trachoma 
between 7 and 16 years of age were included in the study 
(mean age 9.4 years). All patients were asymptomatic 
and had mild to moderate active trachoma. A 2 X 2 mm 
upper palpebral conjunctival biopsy specimen was 
obtained from each patient. None of the patients was on 
topical therapy prior to the biopsy. The study was 
approved by the Research Center, College of Medicine, 
King Saud University and the parents of patients 
admitted to the study gave their informed consent. In 
addition, four upper palpebral conjunctival biopsy 
specimens were obtained from patients undergoing 
strabismus surgery without obvious inflammation and 
served as controls. The control patients were in a similar 
age group. 

Immunohistochemical staining 

The conjunctival biopsy specimens were immediately 
snap-frozen in Tissue-Tek optimum cutting temperature 
(OCT) compound (Miles Laboratories, Indiana) and 
maintained at -80 DC until use. For 
immunohistochemistry,S /-Lm serially cut cryostat 
sections were dried overnight at room temperature, fixed 
in absolute acetone for 10 min and stained with a three
step avidin/biotin peroxidase-labelled complex 
procedure. Rehydrated slides were incubated for 30 min 
with the monoclonal and polyclonal antibodies listed in 
Table 1, which were diluted to an optimum 
concentration. The secondary and tertiary antibodies 

consisted of biotin-conjugated rabbit anti-mouse 
immunoglobulin and the avidin/biotin peroxidase
labelled complex, respectively, both purchased from 
Dakopatts (Copenhagen, Denmark). All incubations 
were carried out for 30 min at room temperature, then 
washed in three changes of phosphate-buffered saline at 

pH 7.2 for 15 min. The reaction product was visualised 
by incubation for 10 min in 0.05 M acetate buffer at pH 

4.9, containing 0.05% 3-amino-9-ethyl-carbazole and 
0.01 % H20il resulting in bright-red immunoreactive 
sites. The slides were faintly counterstained with Harris 
haematoxylin. Finally, the sections were rinsed with 
distilled water and coverslipped with glycerol. Controls, 
which were invariably negative, consisted of omission of 
primary or secondary antibody and use of chromogen 
alone. 

Cells were counted in five representative fields. We 
used an eyepiece calibrated grid with X25 magnification. 
With this magnification and calibration, we counted the 
cells present in an area of 0.155 X 0.155 mm. Means ± 

standard deviations were calculated for each cell type in 
trachoma and control specimens. Student's t-test was 
used to analyse the statistical significance of differences 
between mean values. The differences were considered 
significant if the p value was <0.05. 

To characterise the extent of fibrous tissue and 
collagen formation in the substantia propria, sirius red 
and Van Gieson staining were used. 

Fig. 1. Anti-1L-1oc staining shows cytoplasmic 1L-1oc expression in the 
superficial epithelial layers (arrows) (three-step avidin/biotin perox
idase-labelled complex procedure; X300). 



(a) (b) 

(c) (d) 

Fig. 2. Frozen serial section immunohistochemical staining. (a) L26+ B lymphocytes. (b) KP1 + macrophages. (c) OKT4-Leu3a+ helper/inducer T 
lymphocytes. (d) OKTs + suppressor/cytotoxic T lymphocytes. Note that the lymphoid follicle is composed mostly of L26+ B lymphocytes and that 
OKTrLeu3a+ helper/inducer T lymphocytes predominated over OKT/ suppressor/cytotoxic T lymphocytes (three-step avidin/biotin peroxidase
labelled complex procedure; X300). 

Results 

The cells counts are presented in Table 2. Trachoma 
specimens as a whole showed higher counts than control 
specimens for L26+, OKT4-Leu3a+, OKTs+ and KPj+ cells 
(Table 3). The expression of IL-1a, IL-lf3, TNF-a and 
PDCF was absent in the normal conjunctiva. 

The epithelial inflammatory infiltrate in trachoma 
specimens consisted of a few OKT 4-Leu3a + helper / 
inducer T lymphocytes, OKT s + suppressor / cytotoxic T 
lymphocytes, and KP1 + macrophages. All epithelial cells 
showed cytoplasmic expression of IL-1a, which was 
most intense in the superficial epithelial layers (Fig. 1). 
Patchy, less intense cytoplasmic staining was noted for 
IL-1[3 mainly in the superficial epithelial layers. 

In the substantia propria of trachoma specimens, the 
inflammatory infiltrate was organised as a diffuse 
infiltrate and as small lymphoid follicles without reactive 
centres. These lymphoid follicles were noted in six 
specimens and were absent in three specimens (nos. 1, 6 
and 7; Table 2). The infiltrate was most intense in the area 
just underneath the epithelium and in the perivascular 
areas. The diffuse infiltrate was mixed in composition 
and consisted of OKT 4-Leu3a + helper / inducer T 

lymphocytes, OKT s + suppressor / cytotoxic T 
lymphocytes, L26+ B lymphocytes, and KP1 + 
macrophages. The lymphOid follicles consisted of large 
numbers of L26+ B lymphocytes, and smaller numbers of 
OKT4-Leu3a+ helper/inducer T lymphocytes, OKTs+ 
suppressor / cytotoxic T lymphocytes and KPj + 
macrophages. In all specimens OKT4-Leu3a+ helper/ 
inducer T lymphocytes predominated over OKTs+ 
suppressor / cytotoxic T lymphocytes (Fig. 2). 

In the substantia propria of trachoma specimens, 
mononuclear cells expressing cytoplasmic IL-1a, IL-1[3, 
TNF-a and PDGF were noted (Fig. 3). These cells were 
judged to be macrophages because they showed 
coexpression of KP1 marker in serial sections. 

Sirius red and Van Gieson staining for fibrous tissue 
were localised around blood vessels in the substantia 
propria in control specimens. In trachoma biopsies with 
prominent lymphoid follicles sirius red and Van Gieson 
staining were prominent in the deep substantia propria. 
In these biopsies L26+ B lymphocytes predominated over 
T lymphocytes. In trachoma conjunctival biopsy 
specimens without lymphoid follicles sirius red and Van 
Gieson staining were more pronounced and involved the 
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(a) 

(c) 

whole substantia propria starting immediately under the 
epithelium. In these biopsies T lymphocytes 
predominated over L26+ B lymphocytes. 

Discussion 

IL-l and trachoma 

Cytokine production during infection may play an 
important role in modulating host defences to 
C. trachomatis. This may also be a factor in the 
perpetuation of the inflammation and subsequent 
fibrosis. In the present study we have demonstrated that 
the conjunctival epithelial cells from patients with 
trachoma showed cytoplasmic expression of IL-let and 
IL-lf3. Normally, conjunctival epithelial cells do not 

(b) 

Fig. 3. Frozen section immunohistochemical staining. (a) Anti-IL-l� 
staining. (b) Anti-PDGF staining. (c) Anti-TNF-a staining. Note the 
intense labelling of macrophages in the substantia propria (arrows) 
(three-step avidin/biotin peroxidase-labelled complex procedure; 
XSOO). 

express IL-l. When comparing IL-let and IL-lf3 

expression by the conjunctival epithelial cells, we 
observed that IL-let was present in greater amounts than 

IL-lf3. IL-let and IL-lf3 are differentially regulated at both 

the transcriptiomi.l and post-transciptional level,s 
probably explaining this difference. This has contributed 
to the observation that IL-let remains cell-associated and 

acts on a cell-cell basis whereas IL-l f3 is secreted as 

paracrine mediator.6 These findings demonstrate the 
in vivo expression and production of IL-l by the 
conjunctival epithelial cells in trachoma. This production 
of IL-l may constitute an important contributing factor in 
the process of scarring in trachoma. IL-l is a pleiotropic 
cytokine produced chiefly by monocytes and 
macrophages but also by cells of epidermal, epithelial, 



Table 2. Number' of immune cells in trachoma and control specimens 

Patient no. L26+ OKT4-Leu3a+ OKT8+ KP1+ 1L-lab 1L-lf3b TNF-a PDGF 

Trachoma 
lc 69 62 37 86 22 10 9 11 
2 225 115 76 77 11 10 19 17 
3 160 58 28 75 22 6 11 6 
4 185 46 31 56 11 8 9 12 
5 110 52 25 102 16 5 10 20 
6c 75 120 81 84 25 19 30 20 
7c 44 68 15 46 11 10 23 9 
8 260 130 77 90 6 11 30 7 
9 125 78 32 70 8 8 7 12 

Control 
1 15 13 12 25 0 0 0 0 
2 23 21 17 17 0 0 0 0 
3 25 10 18 20 0 0 0 0 
4 21 15 15 20 0 0 0 0 

1L-1, interleukin-l; TNF, tumour necrosis factor; PDGF, platelet-derived growth factor. 
aCells counted in an area of 0.155 X 0.155 mm. 
bEpithelial cytoplasmic expression. 
eNo lymphoid follicles. 

lymphoid and vascular origin? In addition, it has been 
shown, using northern hybridisation with 
oligonucleotide and cDNA probes, that cultured corneal 
epithelial cells expressed IL-l. 8 Our results are consistent 
with the findings of Rothermel et a/.9 that C. trachoma tis 

induced IL-l production by human blood monocytes. 
They showed that human blood monocytes produced 
detectable IL-l when cultured with as little as 1 f.Lg of 
chlamydial protein per millilitre, which corresponded to 
4-40 chlamydiae per monocyte. This suggests that 
during low-grade or subclinical infections, which are 
characteristic of chlamydial disease, very few organisms 
may be sufficient to stimulate IL-l production. 
Furthermore, Magee and associates 10 have demonstrated 
increased mRNA and bioactivity for IL-l in murine lungs 
after chlamydial infection. The relevance of IL-l to 
trachoma was also suggested by the detection of 
increased levels of IL-l in the tears from children with 
active trachoma.9 

As an inflammatory mediator, IL-l affects tissue 
remodelling by inducing the production of 
coUagenasell,12 and collagenY Furthermore, IL-l can 
stimulate fibroblast proliferation13-15 via the induction of 
PDGF,14 Excessive IL-l production is thought to 
contribute to tissue damage and fibrosis in chronic 
inflammatory conditions such as pulmonary fibrosisl6,17 
and bone marrow fibrosis.18 The local constitutive 
production of IL-l by the conjunctival epithelial cells 
could serve for the paracrine stimulation of target cells 

Table 3. Number' of immune cells in trachoma and control specimens 

Cell type Control (n = 4) Trachoma (n = 9) P value 

L26+ 21.0 ::':: 4.3 139.2 ::':: 73.9 0.001 
OKT4-Leu3a+ 14.8 ::':: 4.6 81.0 ::':: 32.0 <0.001 
OKTs+ 15.5 ::':: 2.6 44.7::':: 25.7 0.012 
KP1+ 20.5::':: 3.3 76.2 ::':: 17.2 <0.001 

Values are the mean::':: SD. 
'Cells counted in an area of 0.155 X 0.155 mm. 

such as fibroblasts, and induce exaggerated production 
and accumulation of subconjunctival fibrous tissue in 
patients with trachoma. 

Inflammatory cells and fibrosis 

The close association of mononuclear inflammatory cells 
including lymphocytes and macrophages and fibroblasts 
within inflammatory loci during fibroplasia and 
fibrogenesis has been demonstrated.19-21 Lymphocytes 
and macrophages precede the influx of fibroblasts into 
these sites and exist within the lesion as the fibroblasts 
infiltrate, divide and generate components of the 
extracellular matrix. In vitro studies have revealed that 
activated lymphocytes and macrophages are capable of 
generating cytokines that affect these fibroblast 
functions, including stimulation of fibroblast chemotaxis, 
proliferation and collagen synthesis?2 

T lymphocytes and trachoma 

Previous in vitro studies23,24 have shown that 
C. trachoma tis stimulates B lymphocytes to profilerate 
and differentiate into immunoglobulin-secreting plasma 
cells. Our results indicate that the in vivo counterpart of 
this in vitro response consists of B lymphoid follicles, 
which were present in six conjunctival specimens. In 
these specimens the number of B lymphocytes was 
greater than T cells and the fibrosis was confined to the 
deep substantia propria. In three specimens lymphoid 
follicles were not detected and T lymphocytes 
outnumbered B cells. In these specimens fibrosis was 
more pronounced and involved the whole substantia 
propria, starting immediately under the epithelium, Our 
findings are supported by previous studies25,26 of 
lymphocyte subsets in adults with cicatricial trachoma 
that demonstrated predominance of T lymphocytes over 
B cells, These observations suggest a role for T 
lymphocytes in the genesis of conjunctival scarring in 
cicatricial trachoma. Several lines of evidence suggest 
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that T lymphocytes play a direct role in the pathogenesis 
of fibrosis?7-29 T lymphocytes produce mediators 
including IL-2 and inteferon-I' (IFN-I') that trigger 
macrophage production of fibrogenic cytokines. 
Furthermore, T lymphocytes produce transforming 
growth factor-13 (TGF-I3), which stimulates collagen 
synthesis.3D On the other hand, T lymphocytes and cell
mediated immunity are essential for the eradication of 
chlamydial infections?1-34 T lymphocyte stimulation by 
C. trachomatis elementary bodies elicits IFN-I' 
production?5 IFN-I' produced by activated T cells has 
been shown to inhibit the intracellular growth of 
Chlamydia36 and to participate in the defence against 
early infection.37 In addition, IFN-I' exhibits cytotoxic 
activity against cells infected with C. trachomatis.38 
Therefore, activation of T cells could bring about both 
protective and deleterious effects. 

In the current study, helper / inducer T lymphocytes 
were greater in number than suppressor / cytotoxic T 
lymphocytes, which is similar to the finding of previous 
reports of inflamed and active trachoma?5,26 Two 
different types of helper / inducer T cell clones have been 
identified on the basis of their differing cytokine 
profile?9 Thl cells produce IL-2 and IFN-I', and mediate 
several functions associated with cell-mediated 
immunity, while Th2 cells produce IL-4, IL-5, IL-6 and 
IL-IO and are more effective in stimulating B cells to 
produce antibody. Previous studies have demonstrated 
that cellular immune responses in the local tissues 
associated with chlamydial infections are dominated by 
Thl-like responses4D,41 and intravenous transfer of 
C. trachoma tis-specific Thl clone induced resolution of 
murine chlamydial genital infection.32 In addition, 
repeated experimental chlamydial infection of the female 
fallopian tubes were found to produce Thl-like cytokine 
response associated with progression to fibrosis.42 In 
previous immunohistochemical studies of conjunctival 
specimens from patients with active trachoma, we have 
demonstrated that the epithelial cells expressed MHC 
class II antigens?A It is well known that the expression of 
MHC class II antigens requires stimulation with IFN_1'43 
produced by activated Thl cells. However, other soluble 
factors produced during an immune response have been 
found to regulate MHC class II expression by tumour cell 
lines.44 On the basis of these findings we may assume 
that the large preponderance of helper / inducer T cells 
observed in the conjunctival biopsies comprised Thl 
cells. The pattern of cytokines produced during infection 
changes over time and correlates with the type and 
magnitude of tissue injury. In the acute phase of 
pulmonary tuberculosis induced in mice, a clear 
predominance of Thl cells was observed. This was 
followed by a chronic phase characterised by fibrosis 
with a ThO balance due to an equivalent proportion of 
IL-2- and IL-4-positive cells.45 Recently, Igietseme et al.33 
have demonstrated that CDs + T cells may contribute to 
anti-chlamydial T cell immunity in vivo. In addition, 
Starnbach et a1.34 characterised a cytotoxic T lymphocyte 
line derived from mice infected with C. trachomatis. This 
line is specific for, and able to lyse, Chlamydia-infected 

cells, and recognises a peptide epitope present on 
infected cells in the context of MHC class I molecule. On 

the basis of these observations cytotoxic T cells could 
comprise the major component of OKT 

8 
+ suppressor / 

cytotoxic T cells detected in conjunctival specimens. 

Macrophages and trachoma 

Increased numbers of KPt macrophages were noted in 
the conjunctival biopsy specimens from patients with 
trachoma. Macrophages are important components of the 

immune response to foreign agents. It has been 
demonstrated, using an in vitro system, that 
macrophages inhibit intracellular C. trachomatis 
replication.46 In addition, macrophages play a central 
role in normal wound healing and pathological fibrosis 
by virtue of their ability to release a variety of fibrogenic 
cytokines.3D In the present study we have detected 
cytoplasmic expression of the fibrogenic cytokines IL-la, 
IL-ll3 (discussed above), TNF-a and PDGF by 
macrophages in the substantia propria. Our results are 
consistent with previous studies that murine 
C. trachoma tis infection induces TNF-a production.47 
TNF-a stimulates fibroblast proliferation and collagen 
synthesis.13,16 On the other hand, TNF-a is known to 
restrict intracellular chlamydial replication.36 PDGF is a 

potent chemoattractant and mitogen for fibroblasts and 
smooth muscle cells and a stimulator of collagen 
synthesis by fibroblasts.48-51 Several studies have 
demonstrated that alveolar macrophages from the lungs 
with pulmonary fibrosis release exaggerated amounts of 

PDGF,52-55 IL_116,17,56 and TNF_a.16,56,57 In addition, the 
mRNA expression of IL-I3, TNF-aI6 and PDGF55 was 
increased in alveolar macrophages from patients with 
pulmonary fibrosis. High levels of IL-l were also 
produced in unstimulated monocytes from patients with 

idiopathic myelofibrosis.18 These cytokines have the 
potential to influence the remodelling and fibrosis 
observed in the conjunctiva of patients with trachoma. 

Conclusions 

In conclusion, the present data provide the first direct 
evidence for the in vivo expression of IL-l in conjunctival 
epithelium from patients with trachoma. In addition, 
conjunctival macrophage activation is suggested by 
findings of the cytoplasmic expression of IL-la, IL-l�, 
TNF-a and PDGF. The upregulated local production of 

these cytokines may contribute to the expansion of 
connective tissue cells and collagen accumulation in 
conjunctiva. These cytokines may act alone or in 
combination with other cytokines, including TGF-�, to 

promote conjunctival scarring in trachoma. Further 
studies to define the role of IL-l and other cytokines in 

the pathogenesis of conjunctival scarring in trachoma 
may lead to new approaches to prevention and 
treatment. Total eradication of the chlamydial agent, 
prevention of reinfection, and pharmacological agents 



that interfere with the mechanisms of action of these 
cytokines would provide a potential therapeutic 
opportunity for the prevention of fibrosis. 
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