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Purpose. To determine whether the ciliary epithelium exhibits immunoreactivity for antibodies
to transforming growth factor beta (TGF-/3) 2 and TGF-/33. The hypothesis was that because
the aqueous humor contains mainly biologically active TGF-/32, with little TGF-/31, the epithe-
lium largely responsible for its composition would also contain this isoform of TGF-/3. The
authors anticipated TGF-/33 immunoreactivity because TGF-j83 often co-localizes with
TGF-iS2.

Methods. The authors followed a standard immunohistochemical protocol using the avidin-
biotin complex and newly available rabbit antibodies to synthetic peptide sequences of TGF-/32
and TGF-/33. Formalin-fixed, paraffin-embedded samples of freshly obtained rabbit and hu-
man autopsy eyes were studied. Specificity was supported by specific peptide absorption of
antisera before tissue incubation.

Results. The piginented and nonpigmenled ciliary epilhelia of rabbit and human eyes were
stained by antibodies to both TGF-/32 and TGF0-3, and the staining was inhibited by preab-
sorplion of antibodies by pepticles of TGF-02 and TGF-/33.

Conclusions. The authors conclude that the ciliary epithelium exhibits TGF-/32- and TGF-/33-
like immiinoreactiviiy that, based upon complementary work from other laboratories, is proba-
bly synthesized by this epithelium and is not simply absorbed by it from the aqueous humor.
Invest Ophlhalmol Vis Sci. l9{)4;.H5:153-457.

A ransforming growth factor-beta (TGF-/3) proteins
are a family of cytokines that influence inflammation
and cell proliferation.1 The aqueous humor, a fluid
with known imrnunosuppressive properties, contains
high concentrations of latent TGF-jS, in particular
TGF-/32, which accounts for most of the aqueous
TGF-/3 biologic activity.2"4

We used commercially available, well-character-
ized rabbit antibodies to two mammalian forms of the
TGF-/3 family, TGF-02 and TGF-03—which lend to
co-localize—to study the expression of these proteins
in the ciliary epithelium o Mi it man and rabbit eye. Our
findings, of significant immunoreactiviiy within the
cytoplasm of the piginented and nonpigmented epithe-
lial cells of the ciliary epithelium, complement a recent
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demonstration that cultured mammalian ciliary epithe-
lial cells produce latent TGF-/3 mainly of the type 2
isoform.:' Our results are in direct contrast to a recent
immunohistochemical study of the ocular distribution
of these cytokines that failed to demons!rate immuno-
reactiviiy within the ciliary epithelium.0

MATERIALS AND METHODS

To undertake this work, we first established optimal
tissue conditions for positive epithelial cytoplasmic im-
munoreactivity. We used rabbit kidney, a known posi-
tive control tissue that, has secretory epithelia with anal-
ogous physiological functions to the ciliary epithelium,
lo develop our protocol. Kidney samples were ob-
tained immediately after sacrifice by lethal intrave-
nous sodium pentathol injection. Tissue blocks were
prepared for immunohistochemistry using four meth-
ods of fixation and processing that included: immedi-
ate quick freezing of tissue samples in liquid nitrogen
chilled isopentane, followed by cryostat sectioning and
brief (10 minutes) acetone fixation of glass affixed sec-
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Lions; 24-hour fixation in freshly prepared 4% para-
formaldehyde with subsequent cryoprotection by in-
cubation in 20% sucrose, followed by quick freezing,
as above, and subsequent thick-section frozen section-
ing (16/u) to produce floating sections; 24-hour fixa-
tion in 10% neutral buffered formalin with subsequent
dehydration in graded alcohols and standard embed-
ment in paraffin; and I-hour fixation in the B-5 mercu-
ric chloride-formalin mixture followed by fixation in
10% neutral buffered formalin with processing as
above for the formalin-fixed samples. We then com-
pared results in air-dried glass-affixed and floating
sections of kidney using dilutions of primary antibody
(stock concentration 100 /ig/ml) from 1/10 to
1/10,000 in a standard histochemical protocol con-
sisting of preincubation with 0.1% H2O2 for 30 min-
utes, followed by 24-hour incubation at 4°C with the
primary antibody in with 10% normal horse serum and
0.8% Triton X-100. Sections were then washed with
phosphate buffered saline and incubated for 2 hours
in 1:250 biotinylated goat anti-rabbit IgG, followed by
1 hour incubation with the Vectastain ABC reagent,
aviclin, and biotinylated horseradish peroxidase (Vec-
tor Labs, Burlingame, CA). The horseradish peroxi-
dase substrate was visualized with a 50 mg/100 ml so-
lution of 3,3' diaminobenzidine chromogen (Sigma,
St. Louis, MO) in the presence of 0.03% H2O2. The
controls included sections subjected to incubation in
the secondary serum (goat) in lieu of primary anti-
body.

Once optimal conditions were established, con-
trols also included sections incubated with primary an-
tibody that had been preabsorbed with appropriate
purified peptide, in a 10:1 ratio of peptide protein to
antibody protein. Antibodies to TGF-/32 and TGF-/33
and their respective purified peptides were purchased
from Santa Cruz Biotech, Inc.

The TGF-j82 antibody is an affinity-purified, poly-
clonal rabbit antibody raised against a peptide that
corresponds to amino acid residues 352 to 377 map-
ping within the carboxy terminal region of human
TGF-/32. It reacts with human TGF-/32 by Western im-
mi.inobloi.Ling, immunoprecipitation, and neutraliza-
tion of biologic activity. It lacks detectable cross-reac-
tivity with either TGF-01 or TGF03. The TGF-/33 anti-
body is an affinity-purified polyclonal rabbit antibody
raised against a peptide corresponding to amino acid
residues 350 to 375 mapping within the carboxy termi-
nal region of human TGF-/33. Antibody TGF-/33 reacts
with human TGF-/33. By Western iminunoblotting, an-
tibody TGF-/33 is 400-fold more reactive with TGF-03
than with TGF-/J1, and it. lacks detectable cross-reac-
tivity with TGF-/32. In contrast, by immunoprecipita-
tion and neutralization, antibody TGF-/33 specifically
reacts only with TGF-/33 (Santa Cruz Biotech, Inc.,
Santa Cruz, CA).

With the establishment of optimal conditions, we
studied both Dutch Black Belted and New Zealand
White normal rabbit eyes, obtained by rapid enucle-
ation after lethal sodium pentobarbital injection, and
three adult autopsy eyes, obtained within 10 hours of
death. The autopsy eyes were from a 54-year-old
woman who died from disseminated T-cell lymphoma,
a 32-year-old man who died from pneumonia, and a
22-year-old man with neuronal ceroid lipofuscinosis
and terminal sepsis. The human eyes were free of dis-
ease in the uveal tract. There was retinal atrophy in the
eye from the patient with lipofuscinosis.

This investigation adhered to the ARVO State-
ment on the Use of Animals in Ophthalmic and Vision
Research and the Declaration of Helsinki. Informed
autopsy consent was obtained for the human tissue.

RESULTS

We found that the optimal tissue conditions for renal
epithelial cytoplasmic immunoreactivity, our positive
control tissue, and tissue preservation were 1/10 to
1/100 dilutions of the primary antibodies and tissues
fixed in 10% neutral buffered formalin followed by
standard paraffin embedment. Under these condi-
tions, we saw strongly positive staining of renal tubular
epithelium, which was markedly reduced by preab-
sorption of the primary antibody with immunogen
peptide (peptide inhibitive), and we retained excellent
histologic detail. The B-5, formalin-fixed tissue was
also positive. This fixative combination was not prefer-
able to formalin alone. The renal tubular epithelium
did not exhibit distinctive immunostaining under con-
ditions of paraformaldehyde fixation, cryoprotection,
quick free/ing, and subsequent frozen sectioning.

In the formalin-fixed, paraffin-embedded eyes
with antibodies to both TGF-/32 and TGF-/33, we ob-
served positive cytoplasmic staining of both pig-
mented and nonpigmented cells of the ciliary epithe-
lium. The pigmented epithelial staining was best ap-
preciated in the albino rabbit eyes. Absorption with
appropriate peptide strongly inhibited subsequent epi-
thelial immunoreactivity. In the no primary controls,
which were incubated with normal goat serum in lieu
of the primary antibody, there was no epithelial stain-
ing. The comparable findings in human and rabbit
eyes are depicted in Figures 1 and 2, respectively. As
can be seen in these photomicrographs, with both anti-
bodies there was also light diffuse staining of the con-
nective tissue and vascular region of the ciliary pro-
cesses.

DISCUSSION

This study describes immunoreaciive TGF-/32 and
TGF-/33 within the pigmented and nonpigmented cili-
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FIGURE i. The photomicrographs in this figure are of human ciliary processes stained with
anti-TGF-/32 (a), peptide preabsorbed anti-TGF-,82 (b), anti-TGF-jS3 (c), peptide preabsorbed
anti-TGF-/33 (d), and normal goat serum in lieu of a primary antibody, the no primary control
(e). Magnifications are 800X, 800X, 800X, 600X, 400X, respectively. As can be seen in
Figures la and lc, the ciliary epithelium exhibits positive staining (brown reaction product)
when immunoreacted with antisera to both TGF-/32 and TGF-/33. To some extent, the black
pigment of the pigmented epithelium obscures staining of the inner layer of this double-
layered epithelial structure. Epithelial positivity is markedly reduced by specific peptide
preabsorption of the primary antisera (Figs, lb, Id), suggesting that the epithelial antibody
staining observed in the nonabsorbed sections (a and c) is specific. The no primary control
section (e) is free of significant epithelial staining, proof that the secondary antibody did not
react directly with the epithelium.

ary epithelium of the ciliary body. It complements re-
cent studies, employing bioassay for TGF-/31 and TGF-
/32 protein activity, which found predominantly TGF-
/32 within the aqueous humor and in supernatants of
pigmented and nonpigmented ciliary epithelial mono-

layers.3'4 We included antibodies to TGF-/33 in this
study because it tends to co-localize with TGF-/32 and,
hence, might also be present in ocular TGF-/82-posi-
tive cell populations.1'7 To our knowledge, there are
no reports of TGF-/33 in aqueous humor. Because
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FIGURE 2. The photomicrographs in this figure are of rabbit ciliary processes stained with anti
TGF-/52 (a), peptide preabsorbed anti-TGF-j82 (b), anti TGF-03 (c and d), peptide preab-
sorbed anti-TGF-/83 (e) and normal goat serum in lieu of a primary antibody, the no primary
control (f). Magnifications are 800X, 800X, 800X, 800X, 400X and 800X, respectively. In
Figures 2a, 2c, and 2d, positive reaction product is seen within the cytoplasm of the ciliary
epithelium of pigmented (a and c) and albino (d) rabbit eyes. In the albino rabbit eye (d), one
can more easily appreciate staining of the inner epithelial layer. Peptide preabsorption (b and
e) of these antibodies significantly reduced subsequent epithelial staining, suggesting that the
antibody staining observed in the nonabsorbed sections (a, c, and d) is specific. The no
primary control (f) is free of significant epithelial staining. This negative preparation proves
that the secondary antibody, goat anti-rabbit IgG, did not react directly with the rabbit
epithelium.

TGF-/32 messenger RNA has been detected in RNA
extracted from samples of ciliary body and iris,4 the
constellation of these results suggests that this epithe-
lium, which can both secrete and absorb, makes these

proteins and releases them to the aqueous humor
rather than simply absorbing them from the aqueous.

Our positive immunohistochemical findings in the
ciliary epithelium for TGF-02 and TGF-/33 are in sharp
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contrast to the negative immunohistochemical results
for these epithelial cells and proteins recently re-
ported by Pasquale et. al.6 We think these different
results can be explained by methodologic differences
in the two studies. Pasquale et al(> used rabbit antibod-
ies that had been made and used successfully by an-
other group, Flanders et al,7 to study the embryonic
nervous system. The Flanders study used formalin/
Bouin's-fixed, paraffin-embedded brain tissue as we
have in this study, whereas the ocular study by Pas-
quale used eyes that were fixed in paraformaldehyde
and subsequently cryoprotected, quick frozen, and
frozen sectioned. In our preliminary study to deter-
mine optimal conditions for demonstrating these epi-
topes within epithelial cells, as described above, we
found that quick frozen sections of paraformalde-
hyde-fixed, cryoprotected samples did not yield cyto-
plasmic epithelial immunostaining. Thus, we did not
use this method of tissue handling, a method we and
others have found to be optimal for certain antigens.
In our hands, for example, it has been especially useful
for membrane bound, surface epitopes.8 We think
that this is the important methodologic difference be-
tween our study and the study by Pasquale et al.6

Other potentially important differences include the
use of rabbit antibodies from different sources made
to different epitopes of the proteins of interest and
our inclusion of Triton-X, a permeabilizing agent. The
Flanders group7 used hyaluronidase though this does
not seem to have been used in the Pasquale study.9

In this study, we used kidney, a known positive
epithelial tissue, to develop our protocol. The specific-
ity of the immunoreactivity of the primary antibodies
and the ciliary epithelium was supported by our inclu-
sion of peptide preabsorbed primary antibodies. The
absence of epithelial staining observed in our no pri-
mary controls established that the secondary antibod-
ies did not react directly with the epithelium or with
IgG, which may have been present in the tissue. The
inclusion of human eyes in this study, which relied
upon rabbit primary antibodies, further reduced the
likelihood that the ciliary epithelial staining observed
in both human and rabbit eyes was due to the presence
of rabbit IgG.

In view of the unique immune environment of the
eye, an immunologically privileged site, it is of interest
that TGF-/32 and TGF-/33 are made by the ciliary epi-
thelium and potentially secreted into the aqueous hu-
mor. These cytokines are made by immunologically ac-
tivated systemic cells, such as activated macrophages,

platelets, tumor cells in culture, and certain parenchy-
mal cells (i.e., kidney).1 They are imrnunomodulators
with functions that include inhibition of T-cell activa-
tion and proliferation, inhibition of lymphokine pro-
duction, inhibition of class II antigen expression, and
inhibition of the generation of cytotoxicT-cells.1 Their
presence in the aqueous humor suggests that they con-
tribute to the immunosuppressive properties of the
aqueous and that, they play a role in the intraocular
expression of immune-mediated disorders.234
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