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Abstract Experiments were performed in our laboratory to study the effects of a mammalian 8 kD vitreous humor 
(VH) factor on the DNA synthesis and mitosis of the epithelial cells of organ cultured rabbit lens. The 8 kD polypeptide 
factor was purified from mature rabbit vitreous humor by liquid chromatography. Proliferative activities of the epithelial 
cells of organ cultured lenses were stimulated by 3% rabbit serum. The data from our experiments depicted that the 8 
kD VH factor effectively inhibits DNA synthesis and mitosis by the epithelial cells of the organ cultured lens. Our 
experiments also showed that this 8 kD VH factor can maintain i ts  growth inhibitory activity even when heated for 3 min 
at 95°C. The growth inhibitory effect of the 8 kD VH factor was dose dependent. Using iodinated vitreal proteins it was 
demonstrated that the VH proteins are able to enter or bind to lens epithelial cells. The growth inhibitory effect of the 8 
kD VH factor was also tested on tissue cultured lens epithelial cells. These experiments showed that the 8 kD VH factor 
has no growth inhibitory effect on the tissue cultured lens epithelial cells. This experiment has been repeated many 
times using different concentrations of the factor. These observations suggest that the 8 kD VH factor may have 
receptors in the lens capsular material (extracellular matrix) and the factor-receptor binding is essential for the growth 
inhibitoryeffect. o 1992 WiIey-Liss, Inc. 
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Reports from our laboratory have clearly dem- 
onstrated that the rate of protein synthesis by 
epithelial cells of lenses incubated in the pres- 
ence of total vitreous humor or an 8 kD VH 
factor, is significantly decreased when compared 
with epithelial cells of lenses cultured without 
VH (Singh and Bagchi, 1989; Banerjee et al., 
1991). It has also been reported that the early 
events of cell proliferation are dependent on 
continuous protein synthesis and that a 50-70% 
inhibition of protein synthesis effectively inhib- 
its cell growth (Pardee, 1989). The VH has been 
shown to contain growth inhibitors for endothe- 
lial cells (Jacobson et al., 1984; Lisnayk, 1988). 
Thus far the effects of VH factor(s) on lens 
epithelial cell division have not been examined. 

The maintenance of mitotic quiescence of lens 
epithelial cells is important for lens shape, size, 
and clarity (Naumann and Naumann, 1986). 
Why the majority of lens epithelial cells remain 
in the Go phase of the cell cycle, even in presence 
of a multitude of ocular fluid mitogens is not yet 
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known. Do these cells lack receptors for growth 
factors? This is not likely, since any in vivo 
injury, caused either mechanically or chemi- 
cally, induces an active proliferation of the epi- 
thelial cells of the intact lens (Harding et al., 
1959; Weinsieder et al., 1975). Furthermore, 
serum or insulin stimulates cell division by the 
epithelial cells of the central and pre-equatorial 
region of organ cultured lenses (Harding et al., 
1971). Thus it is possible that the mitogenic 
activity of ocular fluids is normally counteracted 
by some other factorb) present in ocular fluids. 

Experiments were performed in our labora- 
tory to determine the effect of the 8 kD VH 
factor (Banerjee et al., 1991) as well as the total 
VH on the mitotic activity of the epithelial cells 
of the organ cultured lens. 

MATERIALS AND METHODS 

Lenses were obtained from freshly killed 
l-month-old New Zealand white rabbits. The 
culture medium was TC-199, pH 7.4 with an 
osmolarity of 310 mOsm. All lenses were cul- 
tured without attached VH, unless otherwise 
stated. The effect of the 8 kD VH factor (100 
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ng/ml) was tested on lenses without attached 
VH. 

Tissue Culture 

Capsule/epithelium preparations were ob- 
tained from freshly sacrificed 1-month-old New 
Zealand white rabbits and cultured in DMEM 
containing 20% rabbit serum at 37°C with 5% 
GOz in a moist chamber. All experiments used 
nearly confluent tissue cultures from the 2nd 
passage. Before exposure to  the VH factors, all 
tissue cultured (TC) cells were thoroughly 
washed with warm DMEM and further incu- 
bated in a serum free medium. 

Analysis of DNA Synthesis and Mitosis 

DNA synthesis. The control (8 kD VH 
treated) and experimental (without 8 kD VH) 
lenses were incubated in 3% serum containing 

TC-199 for 24, 48, and 72 h. The VH-treated 
(100 ng/ml) lenses were labelled normal because 
VH is normally required to maintain lens meta- 
bolic homeostasis (Chylack and Kinoshita, 1972). 
It is known that at least 5% rabbit serum is 
needed for moderate activation of mitosis by 
epithelial cells of organ cultured (OC) lenses 
with attached vitreous humor. A concentration 
of 3% rabbit serum in the TC-199 medium does 
not actively stimulate epithelial cell mitosis in 
lenses cultured with attached vitreous humor 
(personal observation). 

The control (VH) and experimental ( n o w )  
lenses were incubated in 3% serum containing 
TC-199 for 24,48, and 72 h. During the last 6 h 
of incubation the lenses were exposed to 3H- 
thymidine (Amersham, Arlington Heights, IL, 
10 p,Ci/ml). At the termination of the experi- 
ment, all lenses were washed with cold phos- 

Fig. 1. (i) Autoradiogram of a 16% SDS gel showing iodinated 
vitreal proteins. a, b, c and d represent 100 kg, 50 kg, 25 kg 
and 10 pg protein. At higher load the low molecular weight 
polypeptides are visible. (ii) Tissue cultured lens epithelial cells 
were incubated with iodinated vitreal proteins for 24 h, washed 
with PBS, then solubilized and their proteins separated by 16% 
SDS-PAGE. The autoradiogram of these proteins show several 

VH proteins present in the cultured lens cells. Lane a was 
exposed twice as long as lane b for autoradiography. (iii) 
Coornassie blue stained SDS gel (16%) of tissue cultured lens 
epithelial cell proteins. a) epithelial cells exposed to 1251 VH; b) 
exposed to 100 pg/ml BSA; and c) control showing no differ- 
ence in the banding pattern. 
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phate buffered saline and the capsule/epithe- 
lium preparation was isolated by dissection and 
stored frozen in liquid nitrogen. 

The total amount of DNA per epithelium was 
measured by Hoechst 33258 dye binding, using 
the fluorimetric method. The amount of the 
3H-thymidine incorporation was determined by 
liquid scintillation spectrometry after the la- 
belled cells were treated with 5% (W/V) trichlo- 
roacetic acid (twice for 1 h each) and then re- 
tained on GF/C (Whatman, England) filters for 
counting. The results are presented as CPM/ 
unit Hoechst 33258 bound to DNA of the epithe- 
lial cells. 

Mitosis. Freshly isolated ocular lenses were 
cultured with or without 8 kD VH (100 ng/ml) 
for 72 h in TC-199 containing 3% serum. At the 
end of the experiment, all lenses were fixed in 
Carnoy’s solution. Whole mount preparation of 
lenses were prepared according to the technique 
of Harding et al. (1960). The epithelial prepara- 
tion was stained with hematoxylin and exam- 
ined by light microscopy. 

Protein synthesis. Protein synthesis was 
monitored using 3H-leucine (Amersham, IL) as 
a precursor amino acid. The lenses were incu- 
bated in RPM1-1640 without leucine, except for 
the last 6 h of culture, when they were exposed 
to 3H-leucine (50 pCi/ml, Bagchi, 1982). 

Isolation of V H  protein. The 8 kD VH 
factor was isolated according to the technique of 
Banerjee et al. (1991). VH was dissected out 
from freshly isolated rabbit lenses and centri- 
fuged €or 3 h at 100,OOOg. The supernatant was 
freeze dried and fractionated by column chroma- 
tography on a Sephacryl S-100 (Pharmacia- 
LKE9 column. The procedure yielded 7 major 
fractions, of which the last fraction had protein 
synthesis and growth inhibitory activity. The 
major polypeptide band (only band visible by 
Coomassie blue staining) in this fraction has a 
molecular weight of ca 8 kD, calculated from its 
electrophoretic mobility in SDS-PAGE. 

Iodination of V H  protein. Total VH was 
centrifuged for 3 hours at 100,OOOg and the 
supernatant was retained and iodinated with 
exogenous lZ5I (NEN, DuPont, Wilmington, DE) 
using iodobeads (Pierce, Rockford, IL), accord- 
ing to the technique of Markwell (1982). Ali- 
quots were solubilized in SDS-buffer and electro- 
phoresed by SDS-PAGE (Laemmli, 1970) or used 
in binding experiments with cultured lens epithe- 
lial cells. 

RESULTS 

Figure l(i) illustrates the autoradiogram of 
iodinated total VH protein. Four different 
amounts of iodinated VH protein were electro- 
phoresed in the SDS-PAGE system to detect 
radioactive VH protein bands of higher and lower 
concentration. The autoradiogram clearly shows 
several prominent radioactive protein bands of 
molecular weight of 14.3 kD and higher. A few 
less prominent low molecular weight bands (3.4 
kD to  14.3 kD) are also seen. These autoradio- 
grams demonstrate that the VH contains pro- 
teins ranging from 3.4 to 100 kD. It is possible 
that some of the low molecular weight proteins 
are breakdown products of high molecular 
weight proteins. 

Tissue cultured lens epithelial cells were incu- 
bated in serum free DMEM with (40 pglml) 
lZ5I-VH proteins for 24 h. At the end of the 
experiment, cells were thoroughly washed with 
cold phosphate buffer, solubilized in SDS sam- 
ple buffer, and electrophoresed (Laemmli, 1970). 
Figure l(ii) shows the autoradiogram of epithe- 
lial cell proteins. It is evident from the autora- 
diogram that there are several vitreal proteins 
present in the cultured lens epithelial cell prepa- 
ration. There is one prominent band at 75 kD 
range, which is possibly transferrin (Beebe et 
al., 19861, and three discernable bands between 
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Fig. 2. Histogram of 3H-thymidine incorporation by epithelial 
cells of control lenses (100 ngiml 8 kD VH) and experimental 
lenses (noVH) cultured in 3% serum containing TC-199 me- 
dium. The amount of total DNA was measured by fluorimetry 
and radioactivity by liquid scintillation spectrometry. Data is 
presented as CPM/unit Hoechst 33258 bound to DNA showing 
the most pronounced depression of DNA synthesis by VH at 48 
h of culture. 
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ca 3.4 kD to 16 kD. When the aforementioned 
gel was stained with Coomassie blue (Fig l(iii)), 
the banding pattern of lens epithelial cells treated 
with iodinated VH, bovine serum albumin, or 
control (non-treated) showed no difference. 

Figure 2 illustrates the DNA synthesis of epi- 
thelial cells of lenses cultured in 3% serum con- 
taining TC-199 medium. Control lenses were 
incubated with the 8 kD VH fraction (Banerjee 
et al., 1991). DNA synthesis of the experimental 
(no VH) epithelial cells of organ cultured lenses 
were considerably higher than control cells at all 
time periods examined, and this increase was 
most pronounced at 48 h of incubation. 

Fig. 3. Whole mount preparation (stained with hematoxylin) 
of the epithelial cells of lenses cultured with and without VH in 
presence of 3% rabbit serum in TC-199 for 72 h. A Control lens 
(with 100 ng/ml 8 kD VH); B: experimental lens (no VH). 

Figure 3 illustrates whole mount prepara- 
tions of epithelial cells of organ cultured lenses. 
It is clearly evident that the presence of the 8 kD 
VH factor significantly decreased the number of 
mitotic cells in the epithelium. Five contralat- 
era1 sets of whole mount preparations of epithe- 
lial cells of lenses incubated with and without 
VH were examined. The epithelium of lenses 
cultured without VH had an average of 2987 * 
63 mitotic figures, whereas in the presence of 
the VH factor the number of mitotic figures in 
the epithelium was 576 ? 37. It is also evident 
from the whole mount preparation of epithelial 
cells of the experimental lenses (no VH) that 

Mitotic figures are circled. Apart from the increase in number of 
mitotic figures in the experimental lens, abundant prominent 
nuclei and crowding of the cells is seen. 
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there are abundant prominent nuclei and crowd- 
ing of cells, indicative of cellular migration. A 
similar type of effect was also observed when 
lenses with attached VH were cultured with 
20% rabbit serum (Harding et al., 1968). 

Figure 4 shows the Coomassie blue R-250 
stained gel pattern and corresponding fluoro- 
gram of proteins obtained from epithelial cells of 
lenses incubated in TC-199 medium for 24 h. 
The VH from all lenses was removed. The lenses 
were incubated with 8 kD VH at three concentra- 
tions (C = 100 ng/ml, B = 50 ng/ml, and D = 15 
ng/ml). The Coomassie blue stained gel of all 
three epithelial cell preparations displays dis- 
tinctly similar banding patterns and dye intensi- 
ties. However, the fluorogram of these gels 
showed a significant decrease of protein synthe- 
sis by the 8 kD VH treated epithelial cells, and 
this inhibition was dose dependent. 

Figure 5 demonstrates the effect of heat on 
the stability of 8 kD VH factor. The 8 kD VH 

factor was heated at 95°C for 3 min in boiling 
water, cooled, and tested for its effect on protein 
synthesis by epithelial cells of organ cultured 
lenses. 

Lanes A and C represent total epithelial cell 
proteins of lenses cultured without VH, whereas 
lanes B and D display protein bands from epithe- 
lial cells of lenses incubated with heated 8 kD 
V H  (B) and non-heated 8 kD VH (D). The 
Coomassie blue stained banding patterns of all 
lanes are similar. However, the fluorogram of 
these gels showed that both heated and non- 
heated 8 kD VH significantly inhibited protein 
synthesis. This result also shows that the 8 kD 
VH factor is heat stable. 

The Coomassie blue stained gel and corre- 
sponding fluorogram in Figure 6 demonstrate 
the effect of VH on the protein synthesis of 
tissue cultured (TC) lens epithelial cells. TC 
cells were incubated with 100 ng/ml VH (c), 100 
pg/ml BSA (b), and without any additive (a) in 

Fig. 4. Fluorograrn and Coornassie blue stained gel pattern of 
epithelial cell proteins of organ cultured lenses exposed to 100 
ng/ml, 50 ng/rnl and 15 ng/rnl of 8 kD VH factor showing a 
dose dependent inhibition of protein synthesis of lens cells by 
the VH factor. A, 6, C, and D are fluorograrns of A‘, B’, C’, and 

D ’  respectively. A’ represents lens without VH; B’, lens exposed 
to 50 ng/rnl8 kD VH; C’, lens exposed to 100 ng/rnl8 kD VH; 
D’, lens exposed to 15 ng/rnl8 kD VH. A 12% SDS gel was used 
for electrophoresis. 
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Fig. 5. The 8 kD VH factor was heated at 95°C for 3 min and 
then tested for its effect on protein synthesis by lens epithelial 
cells. A 12% SDS gel shows Coomassie blue stained bands and 
their fluorogram for proteins of epithelial cells of lenses ex- 
posed to heated and normal 8 kD VH. A‘ and C’ represent 
proteins of epithelial cells of lenses incubated without VH; B’ ’ 

represents proteins of epithelial cells of lenses exposed to heat 

treated 8 kD VH (100 ng/ml); D’ represents proteins of epithe- 
lial cells of lenses exposed to normal 8 kD VH (1 00 ng/ml). A, B, 
C, and D are fluorograms of A’, B‘, C’, and D’  respectively. A, B 
and C, D were contralateral lenses. The fluorograms show that 
both heated and non-heated 8 kD VH significantly inhibit 
protein synthesis. 

serum free medium for 24 h. During the last 6 h 
of culture, cells were pulsed with 3H-leucine. At 
the end of the experiment all tissue cultured 
cells were thoroughly washed with cold phos- 
phate buffer and dissolved in SDS sample buffer. 
The Coomassie blue stained lanes (a’, b’, c’) of 
proteins obtained from all three groups of epithe- 
lial cells display similar banding pattern and dye 
intensity. The fluorograms (a, b, and c) also 
show similar 3H-leucine incorporation into the 
proteins of epithelial cells of all three groups. 
These results indicate that the 8 kD VH, at the 
given dosages, does not inhibit protein synthesis 
by the tissue cultured lens epithelial cells. 

DISCUSSION 

The experiments reported here clearly estab- 
lish the growth inhibitory effect of rabbit vitre- 
ous humor. Our results demonstrate that the 
VH factor inhibits mitosis, as well as DNA and 
protein syntheses by the epithelial cells of the 

organ cultured lens. The use of iodinated vitreal 
proteins showed that some of the radioactive 
proteins are either able to enter the cytosol or 
bind to epithelial cells. Since the tissue prepara- 
tions were thoroughly washed and only a few of 
the vitreal proteins were visible on the autora- 
diogram, it is presumed that the radioactive 
bands in the SDS-buffer soluble cell extract are 
not due to non-specific adhesion. Many promi- 
nent radioactive vitreal proteins were not visible 
in the epithelial cell preparations, except for the 
ca 16 kD VH protein. For non-specific adhesion 
one could expect many radioactive bands in the 
cell extract corresponding to prominent radioac- 
tively labelled bands of the VH protein. Lack of a 
sufficient amount of 8 kD VH protein prevented 
us from determining whether or not this protein 
binds directly to the epithelial cells. 

The DNA synthesis results clearly demon- 
strate that the VH factor can effectively inhibit 
serum stimulated DNA synthesis by the epithe- 
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Fig. 6. Effect of the VH factor on protein synthesis by tissue 
cultured lens epithelial cells. Coomassie blue stained 6% SDS 
gel (a‘, b’, c’) of TC epithelial cell proteins and fluorogram (a, b, 
c) with similar banding pattern in the Coomassie blue stained 
gel. a: Control epithelial cells; b: epithelial cells incubated 

lial cells of the organ cultured lens. This inhibi- 
tory activity was most pronounced at  48 h and 
the delayed effect is probably due to a net opti- 
mum VH concentration. Alternatively, it is pos- 
sible that it takes more than 24 h for the lens 
epithelial cells to  accumulate enough VH factor 
necessary for a significant inhibition of DNA 
synthesis. 

Earlier, we had established (Bagchi et al., 
1971; Harding et al., 1968) that those rabbit 
lens epithelial cells that have an “S” phase 
between 42-48 h will divide (M-phase) at 72 h. 
Whole mount preparations of epithelial cells of 
lenses incubated with or without VH protein in 
the presence of 3% serum displayed significant 
differences in the number of mitotic figures. The 
epithelial cells of lenses cultured with VH showed 
few mitotic figures, whereas epithelial cells of 
lenses without VH showed at least a fivefold 
increase in the number of mitotic figures. Both 
the DNA synthesis and mitosis data demon- 
strate that the 8 kD VH protein is growth inhib- 
itory to the epithelial cells of the organ cultured 
lens. 

with 100 pg/ml BSA for 24 h; c: epithelial cells exposed to 100 
ng/ml 8 kD VH for 24 h. The fluorograms show similar 3H- 
leucine incorporation into the proteins of all three groups with 
no depression in protein synthesis. 

It has also been demonstrated that the effect 
of the 8 kD VH factor on protein synthesis is 
dose dependent, an increased concentration of 
the factor results in an increased inhibition of 
protein synthesis. This result strongly implies 
that the effect of the factor is specific. The 8 kD 
VH factor is heat stable, as are many known 
growth regulator molecules (Massague, 1990). 

Another important finding of this study is 
that the VH factor did not inhibit protein synthe- 
sis by tissue cultured lens epithelial cells. This 
experiment, which has been repeated more than 
20 times using various concentrations of the VH 
factor, suggests that the effect of 8 kD VH factor 
on protein synthesis by the epithelial cells is 
mediated via some specific pathways. The basic 
difference between the 2nd passage lens epithe- 
lial cells and the epithelial cells of the whole lens 
is the presence of the capsule (extracellular ma- 
trix) in the whole lens. 

Recent publications demonstrate the impor- 
tant role played by extracellular matrix (ECM) 
proteins in the regulation of cell division (Mas- 
sague, 1990; Klagsburn, 1990). Many growth 
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stimulators or growth inhibitors bind with extra- 
cellular matrix proteins for their activity. It can 
be argued that the VH factor has a specific ECM 
receptor and without this receptor binding the 
VH factor is not biologically active. Experiments 
in our laboratory are in progress to examine this 
possibility. In preliminary experiments where 
commercially available ECM proteins such as 
matrigel- (Collaborative Research Inc., Med- 
ford, MA) and ECL- (Upstate Biotech, Lake 
Placid, NY) coated TC dishes were used to grow 
lens epithelial cells, the 8 kD VH factor did not 
inhibit protein synthesis. Further experimenta- 
tion is needed to resolve these ambiguities. I t  is 
also possible that during tissue culture, the po- 
larity of the epithelial cells were reversed and 
wrong sides of the cells were exposed to the 
factor, and thus there was no effect of the VH on 
protein synthesis. This possibility will be exam- 
ined by growing epithelial cells on porous sur- 
faces where both sides of the cells will be ex- 
posed to VH factors. The presence of two high 
molecular weight bands (185 kD and 310 kD) in 
the fluorogram of the SDS-PAGE of proteins of 
epithelial cells exposed to 8 kD VH but not in the 
untreated cells is intriguing. These two bands 
are not visible in the Coomassie stained gels, 
indicating a possible high turnover rate of these 
proteins. The identity and possible function of 
these two proteins are not yet known. 

Many ocular tissues, such as ciliary body, iris, 
corneal endothelial cells, sclera, and retina are 
exposed to the VH, and if VH contains a non- 
specific inhibitor, it might affect the stability of 
all ocular tissues. Thus, teleologically a specific 
receptor mediated inhibitory factor is prefera- 
ble. 
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