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PURPOSE. To compare cell cycle kinetics in corneal endothelial cells from young and old donors.
METHODS. Human corneas were obtained from the eye bank and separated into two groups: young
(19 corneas, ⬍30 years of age) and old (40 corneas, ⬎50 years of age). Corneas were cut in
quarters, and the endothelium was released from contact inhibition by producing a 2-mm scrape
wound. Unwounded endothelium acted as a negative control. Corneal pieces were exposed for 24,
36, 48, 60, 72, and 84 hours to medium containing 10% fetal bovine serum, 20 ng/ml fibroblast
growth factor, and 50 mg/ml gentamicin or the same medium supplemented with 10 ng/ml
epidermal growth factor (EGF). Tissue was fixed, immunostained for Ki67 (a marker for the late G1through M-phase) or for 5-bromo-2⬘-deoxyuridine (BrdU; a marker for the S-phase), and mounted in
medium containing propidium iodide (PI) to visualize all nuclei. Confocal images were evaluated
using an image analysis program to count Ki67-positive and PI-stained cells and to evaluate cell
cycle position. Cells were counted in 15 ⫻ 100 m2 areas randomly selected from each wound, and
the mean was used for subsequent calculations.
RESULTS. Human corneal endothelial cells could be reliably scored for their position within the cell
cycle using Ki67 staining patterns. In both age groups, cells repopulating the wound area stained
positively for Ki67, whereas no Ki67 staining was observed in unwounded areas under any
condition tested. Cells from old donors treated with fetal bovine serum and FGF stained positively
for Ki67, indicating that these cells were actively cycling. Compared with cells from young donors,
old cells entered the cell cycle more slowly (48 versus 36 hours), the peak of Ki67 staining occurred
later (72 versus 60 hours), and fewer cells proliferated (23% versus 47%) or exhibited mitotic
figures (4% versus 7%). Addition of EGF to the culture medium increased Ki67 staining in both
groups, but the effect on old cells was more dramatic. More cells from old donors entered the cell
cycle by 36 hours after wounding, the number of proliferating cells increased 1.6-fold, and the
relative number of mitotic figures increased 2.5-fold over cells treated in the absence of EGF.
CONCLUSIONS. Regardless of donor age, corneal endothelial cells can enter and complete the cell
cycle. In the presence of fetal bovine serum and FGF, cells from old donors can proliferate but
respond more slowly and to a lesser extent than cells from young donors. EGF added to the medium
stimulates cells from old donors to enter the cell cycle faster, increases the relative number of
actively cycling cells, and increases the number of cells exhibiting mitotic figures. The resultant
hypothesis is that it is possible to stimulate a significant proliferative response in corneal endothelial cells from old individuals. Administration of an optimal combination of stimulatory growth
factors is required under conditions in which cells have been transiently released from contact
inhibition. (Invest Ophthalmol Vis Sci. 2000;41:660 – 667)

T

he endothelium is the single layer of cells located at the
posterior of the cornea between the stromal layer and the
aqueous humor. The major function of this tissue is to
maintain corneal transparency. The density of human corneal
endothelial cells decreases with age,1,2 disease,3,4 and intraocular
surgery5,6 or laser procedures.7 Maintenance of corneal clarity
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requires an intact endothelial layer, and transparency can be lost
when endothelial cell density is reduced below a critical level.
The age-related decrease in endothelial cell density suggests that
the rate of cell division does not keep pace with the rate of cell
loss. Although human corneal endothelial cells do not normally
exhibit proliferative activity in vivo8,9 and are generally difficult to
establish in long-term culture,10,11 they retain proliferative capacity. Joyce et al.12,13 have demonstrated that, unlike suprabasal
cells of the epithelium, corneal endothelial cells in vivo do not
exit the cell cycle but are arrested in G1-phase. When G1-phase
arrest is overcome in cultured human corneal endothelial cells by
transfection with viral oncoproteins, such as simian virus (SV) 40
large T antigen14,15 or human papilloma virus E6/E7,15 the cells
proliferate for several generations before the onset of replicative
senescence.
Ki67 is detected in the nucleus of proliferating cells in all
active phases of the cell cycle from the late G1-phase through
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the M-phase but is absent in nonproliferating and early G1phase cells and in cells undergoing DNA repair.16 –18 Ki67
antibodies have been used widely for the estimation of the
growth fraction of clinical samples of human neoplasm19,20
and of normal cells,21,22 including corneal cells.12,13,23–25 Immunolocalization studies have reported that Ki67 antibody
staining produces characteristic patterns in cells depending on
their position within the cell cycle.26 –28 For example, in
mouse fibroblasts, Ki67 staining during the late G1-phase is
detected as granular foci in the nucleoplasm. During the S- and
G2-phases, it is detected as a large dotlike pattern associated
with the nucleolus. During mitosis, Ki67 staining is distributed
in a reticulate structure surrounding the condensed chromosomes.
The long-term goal of our studies is to increase corneal
endothelial cell density in old individuals by stimulating division in a regulated manner. Studies by a number of investigators have demonstrated proliferative activity in human corneal
endothelial cells,8,29 – 42 but the relative ability of cells from
young and old donors to enter and complete the cell cycle has
not been rigorously compared. The purpose of the current
studies was to compare the ability of corneal endothelial cells
from young (⬍30 years old) and old donors (⬎50 years old) to
enter and complete the cell cycle. These studies used an ex
vivo wound model to permit observation of age-related differences in an environment in which exposure to mitogenic
stimulation could be controlled and cells could respond to
wounding while associated with normal Descemet’s membrane. Ki67 antibody staining was used to quantify cell cycle
entry and completion in the two groups.

MATERIALS

AND

METHODS

Human Corneal Tissue
Donor human corneas were obtained from National Disease
Research Interchange (Philadelphia, PA). All corneas were preserved at 4°C for 1 week or less in Optisol (Chiron Vision,
Irvine, CA) before use. Endothelial cell counts were more than
2000 cells/mm2. Criteria for exclusion of corneas from these
studies included history of endothelial dystrophy, presence of
central gutatta, low endothelial cell density, and presence of
ocular inflammation or disease.

Ex Vivo Wound Model
Human corneas were separated into two groups: young donors
30 years of age or less, and old donors 50 years of age or more.
Nineteen corneas were obtained from young donors (mean
age: 19.3 ⫾ 6.4; range: 4 months to 29 years), and 40 corneas
were obtained from old donors (mean age: 64.9 ⫾ 8.8; range:
50 – 81 years). Whole corneas were cut in quarters, and the
endothelium was released from contact inhibition by producing a 2-mm scrape wound (Fig. 1) with a silicon-coated needle
(Alcon, Fort Worth, TX). Unwounded endothelium acted as a
negative control. Corneal pieces were placed endothelial side
up in individual wells of a 24-well tissue culture plate (Falcon,
Lincoln Park, NJ). Pieces were exposed to Medium-199
(GIBCO, Grand Island, NY), containing 10% fetal bovine serum,
20 ng/ml fibroblast growth factor (FGF; Biomedical Technologies, Stoughton, MA), and 50 mg/ml gentamicin, or the same
medium supplemented with 10 ng/ml epidermal growth factor
(EGF: Upstate Biotechnologies, Lake Placid, NY). Cultures
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FIGURE 1. Whole corneas were cut in quarters, and the endothelium
was removed by scraping with a silicon-coated needle. No damage to
Descemet’s membrane was observed.

were maintained for various periods at 37°C in a 5% carbon
dioxide, humidified atmosphere. Time points of examinations
after wounding were 24, 36, 48, 60, 72, and 84 hours.

Immunolocalization of Ki67
At the desired time point, each corneal piece was fixed for 10
minutes in ice-cold methanol and rinsed three times in phosphate-buffered saline (PBS). Pieces were incubated for 10 minutes in 1% Triton X-100 in PBS to permeabilize the cells,
followed by incubation for 10 minutes with 4% bovine serum
albumin in PBS to block nonspecific binding. Corneal pieces
were then incubated for 2 hours with mouse monoclonal
anti-human Ki67 IgG (clone MIB-1: Zymed Laboratories, San
Francisco, CA) at room temperature in a humidified chamber.
This antibody was prediluted by the supplier and was applied
directly to the corneal pieces. Each piece was then washed
three times with PBS. Fluorescein-conjugated anti-mouse IgG
(Jackson Laboratories, West Grove, PA.), diluted 1:200 in
blocking buffer, was applied to the corneal pieces for 2 hours.
Pieces were then washed with PBS and mounted in medium
containing propidium iodide (PI: Vector, Burlingame, CA) for
visualization of nuclei. Slides were viewed using a confocal
microscope (model TCS 4D; Leica, Deerfield, IL) equipped
with a laser (model DMRBE; Leitz Lasertechnik, Heidelberg,
Germany) and software (SCANware ver. 4.2; Leica). Images
were collected using a ⫻16, ⫻40, or ⫻100 oil-immersion lens.
Laser power and gain controls were adjusted to achieve an
optimal range of output signal intensity for each channel.
Confocal images were collected, and micrographs were
printed (Photoshop ver. 4.0; Adobe Systems, San Jose, CA). For
some micrographs, the printing contrast was adjusted to provide a clearer image.

Immunolocalization of BrdU
Staining for 5-bromo-2⬘-deoxyuridine (BrdU) was used to identify DNA-synthesizing cells in the ex vivo wound model. Corneal pieces were placed in medium containing BrdU (1:1000
dilution) for the same periods indicated earlier. Each piece was
then rinsed three times in PBS to remove unbound BrdU, fixed
for 10 minutes in ice-cold methanol, and then permeabilized
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and incubated in blocking buffer as described earlier. Incorporated BrdU was detected by incubating the corneal pieces for
2 hours in mouse monoclonal anti-BrdU IgG containing nuclease (10 IU/ml; Amersham, Amersham, UK). This antibody was
prediluted by the supplier and was applied directly to the
corneal pieces. Pieces were incubated for 2 hours in fluorescein-conjugated anti-mouse IgG, diluted 1:200 in blocking
buffer, washed, and mounted on slides as described earlier.

Evaluation and Quantification of Cells in Specific
Cell Cycle Phases
Fluorescence confocal immunocytochemistry for Ki67 and
BrdU was used to evaluate corneal endothelial cells for their
ability to enter and complete the cell cycle. All nuclei were
stained with PI. Positive BrdU staining identified DNA-synthesizing cells, and Ki67-staining patterns acted as markers for
specific phases of the cell cycle identified according to the
criteria of Kill26 and Starborg et al.27 Completion of the cell
cycle was determined by observation of mitotic figures stained
with Ki67. Three representative confocal micrographs were
taken per wound using a ⫻40 objective lens. A semiquantitative analysis of cell cycle response was made by counting total
PI-stained nuclei, total Ki67- or BrdU-positive cells, and total
G1-, S/G2-, and M-phase cells using a software program (NIH
Image ver. 1.62; NIH, Bethesda, MD). Cells were counted in
five 100-m2 areas of each micrograph (15 areas counted per
wound). Counts were averaged and the percentage of actively
cycling cells (total Ki67-positive cells/total PI-stained cells) was
calculated. The percentage of cells in each phase of the cell
cycle was determined in a similar manner. Differences between the Ki67 and BrdU results were tested statistically using
Wilcoxon’s rank test. Statistical comparison of kinetic results
from young and old donor corneas was made using a paired
Student’s t-test. Both analyses were conducted using a software
program (StatView ver, 4.11; Abacus Concepts, Berkeley, CA).

RESULTS
Ki67 Staining Patterns in Human Corneal
Endothelial Cells
Ki67 antibody produces characteristic staining patterns in cells
depending on their position within the cell cycle.26,27 These
staining patterns were used to classify cells in the late G1-phase
through the M-phase. Representative micrographs of typical
Ki67 staining patterns in human corneal endothelium are
shown in Figure 2. Diffuse granular staining within the nucleus
was considered to represent the G1-phase (Fig. 2A) and a more
distinct, large, dotlike pattern was representative of the S/G2phase (Fig. 2B). The M-phase was determined by observation of
mitotic figures stained with Ki67 (Figs. 2B, 2C, 2D).

Comparison of Positive Staining for Ki67
and BrdU
Petroll et al.25 have used Ki67 staining patterns to identify
specific cell cycle phases in cat corneal endothelial cells; however, this is the first known study in which Ki67 has been used
to identify cell cycle phases in human corneal endothelial cells.
BrdU is incorporated during DNA synthesis and, under the
incubation conditions used in this study, remained associated
with the newly synthesized DNA throughout the remaining
phases of the cell cycle. To confirm our identification of the
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FIGURE 2. Representative micrographs of Ki67 staining patterns in
human corneal endothelial cells. During the late G1-phase, Ki67 is
detected as numerous small foci in the nucleoplasm (A). During the Sand G2-phases, Ki67 appears in a large dotlike pattern associated with
the nucleolus (B, large arrow). During prometaphase, Ki67 was distributed in reticulate structures surrounding the condensed chromosomes (B, fine arrow). Ki67 remained associated with chromosomes in
anaphase (arrow in C) and telophase (arrow in D). Bar, 20 m.

S/G2-phase using Ki67, BrdU staining was correlated with Ki67
staining patterns. Studies were conducted at each time point to
compare the percentage of Ki67- and BrdU-stained cells in the
endothelium of the same donor (Fig. 3). As expected, total
Ki67 staining (representing late G1- through M-phase) was
higher at each time point than total BrdU staining. When the
percentage of G1-phase cells was subtracted from total Ki67
staining, the resultant percentage was very similar to that of
BrdU-stained cells. These results indicate that Ki67 staining
correctly identified the S/G2-phase of the cycle.

Changes in Ki67 Pattern with Time
Micrographs of the wound area in Figure 4 are representative
examples illustrating Ki67 pattern changes with time. Endothelial cells at the wound edge began to extend pseudopodia onto
Descemet’s membrane within 8 to 12 hours after wounding
(data not shown). By 24 hours after wounding, cells began to
migrate into the wound area, but were not stained for Ki67
(Fig. 4B). Positively stained cells were visible within 36 to 48
hours after wounding (Fig. 4C). Observation of the endothelium under low magnification (Fig. 4A) indicates that the majority of Ki67-positive cells were located within the wound bed
and in cells immediately adjacent to the wound edge. The
relative number of Ki67-positive cells increased and Ki67 staining patterns changed over time (compare Figs. 4C, 4D, 4E).
Mitotic figures appeared 48 to 60 hours after wounding. No
positive staining was observed in unwounded areas of the same
corneal piece (Fig. 4F).

Cell Cycle Progression in Young and Old Corneal
Endothelium
The first series of studies compared the response of cells from
young and old donors to culture medium containing 10%
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cells from young donors. As observed with young donors, cells
continued to enter the cycle throughout the study period.
More cells entered the cycle by 36 hours when EGF was added
to the culture medium (Fig. 5D). The total number of Ki67positive cells increased with time, with a peak of approximately 37% reached by 72 hours, This represents approximately a 1.6-fold increase in actively cycling cells after EGF
addition. By the 84-hr time point, the relative number of Ki67positive cells began to decrease. EGF treatment significantly
increased the percentage of old endothelial cells exhibiting
mitotic figures. By 72 hours after wounding, approximately
10% of cells were in the M-phase of the cell cycle. This represents 27% of all Ki67-positive cells at that time point and a
2.5-fold increase compared with cells maintained in the absence of EGF.
FIGURE 3. Comparison between positive staining for Ki67 and BrdU
in human corneal endothelial cells from a 22-year-old donor. Corneas
were incubated in 10% serum plus 10 ng/ml EGF (open bars, percentage of cells stained positively for BrdU; gray bars, percentage of total
cells stained positively for Ki67 minus percentage exhibiting a G1phase staining pattern; and black bars, percentage total cells stained
positively for Ki67). Each column represents the mean ⫾ SEM for 15 ⫻
100 m2 areas randomly selected from each wound.

serum and 20 ng/ml FGF, a medium formulation that supports
proliferation of rabbit corneal endothelial cells in culture.43
When a very modest proliferative response was observed in old
cells using this medium (see below), 10 ng/ml EGF was added
to the medium to determine whether the response could be
further stimulated, as occurs with rabbit cells.
In endothelial cells of young donors incubated in 10%
serum, 20 ng/ml FGF, Ki67-positive staining was visible by 36
hours after wounding (Fig. 5A). The total number of positive
cells increased with time, reaching a peak of 46.7% by 60
hours, after which cell counts appeared to plateau. A maximum of approximately 7% of total cells exhibited mitotic
figures at 60 hours after wounding. This represents approximately 15% of all Ki67-positive cells at the 60-hour time point.
Addition of 10 ng/ml EGF to the culture medium (Fig. 5B) did
not appear to alter the kinetics of cell cycle entry in cells from
young donors. EGF treatment increased the total number of
Ki67-positive cells to approximately 60% and the number of
cells in the M-phase to approximately 13.3% at 60 hours after
wounding. This represents approximately 22% of all Ki67positive cells at this time point. Proliferative activity appeared
to peak at the 60-hour time point and declined thereafter. Cells
exhibiting the late G1-phase staining pattern were present at all
time points tested, regardless of the presence or absence of
EGF. This finding indicates that cells within the healing wound
continued to enter the cycle throughout the observation period under both growth conditions.
When treated with 10% serum, 20 ng/ml FGF, endothelial
cells from old donor corneas took longer to enter the cycle
than did cells from young donors (Fig. 5C)—that is, very few
cells were positively stained at 36 hours after wounding. The
total number of Ki67-positive cells reached a peak of approximately 23% at 72 hours and, as with the young group, appeared to plateau after that time. Under these treatment conditions, the percentage of mitotic figures was quite low,
reaching a peak of approximately 4% by 72 hours after wounding; however, this represents approximately 17% of all Ki67positive cells at that time point—a percentage similar to that of
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DISCUSSION
Previous studies of human corneal endothelial cell proliferation, although of much value, have not directly compared the
kinetics of cell cycle entry in young and old donors. In addition, there are few studies that have determined the relative
ability of young and old cells to enter and complete the cell
cycle in response to different mitogenic stimulation. Some
studies have had small sample sizes.8,29,30 Other excellent
studies, such as those conducted by Treffers31 and Couch et
al.,32 provided valuable kinetic information, but they combined
data over a wide range of ages rather than directly comparing
age-related differences in proliferative response. In many studies, methods have been used that investigate only one portion
of the cell cycle. For example, methods, such as scanning
electron microscopy,33 specular microscopy,8 inverted phasecontrast microscopy,30 and light microscopy of stained cells32
identify only mitotic figures and do not provide information
regarding other phases of the division cycle. [3H]thymidine
incorporation studies have great value in that they can identify
cells in the S- through M-phases (depending on the incubation
conditions) and permit quantification of kinetic data. Unfortunately, the majority of studies using this method have not
specifically compared the proliferative response of cells from
young and old donors.29,31 A number of studies have also been
conducted using cultured human corneal endothelial cells.
These studies indicate that cells obtained from young (⬍20
years old) donors grow better and can be passaged longer than
cells from old donors,10,34 – 40 but cell cycle kinetics were not
directly examined. Those studies that have tested the effect of
growth factors on human corneal endothelial cell proliferation
have not compared age-related responses.10,35,39 – 42
In the current ex vivo studies, the relative ability of corneal endothelial cells from young and old donors to enter and
complete the cell cycle was directly examined. A relatively
large sample size was studied, and Ki67 staining patterns were
used to follow cell cycle progression from late G1-phase
through mitosis. Comparison between Ki67 and BrdU staining
indicated that Ki67 patterns were able to accurately categorize
cells in specific phases of the cell cycle. The study design
permitted observation of cell cycle kinetics within single donor
samples and among grouped samples.
Several important observations were made in this study.
Results clearly indicated that human corneal endothelial cells
are capable of both entering and completing the cell cycle. The
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FIGURE 4. Changes in Ki67 staining with
time in wounded corneal endothelium
from a 22-year-old donor. Corneal pieces
were incubated in 10% serum, 20 ng/ml
FGF, and 10 ng/ml EGF. Low-magnification micrograph in (A) reveals Ki67-positive cells within healing wound 48 hours
after wounding. The relative number of
Ki67 stained cells and Ki67 staining patterns changed over 24 (B), 36 (C), 48 (D),
and 60 hours (E). No Ki67-positive cells
were present in an unwounded area 60
hours after wounding (F). Green, Ki67
staining; red, propidium iodide staining.
Bar, 100 m.

major differences observed in these studies were in the kinetics and extent of the proliferative response of the two age
groups and the more significant response of old cells to EGF.
The majority of cells from old donors entered the cell cycle
more slowly (48 versus 36 hours) and reached a peak of
proliferative activity later than cells from young donors. These
results are similar to those of Zagorski and Naumann,44 who
also used an ex vivo corneal wound model to study endothelial
proliferation. They observed the presence of mitotic figures in
endothelial cells from 30 to 72 hours after injury and found that
the time interval between injury and the appearance of mitotic
figures was longer in cells from old donors. The finding that
significantly fewer cells from old donors entered the cell cycle
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compared with cells from young donors is not novel. What is
important is that these cells also appear to have completed the
cycle, indicated by the presence of mitotic figures. Many late
telophase cells were observed in the endothelium from old
donors. The nuclei of these cells were in proximity but separated from each other, and both nuclei were smaller than those
of neighboring cells. These morphologic characteristics are
compatible with the formation of daughter cells, but it was not
possible to confirm this fact by Ki67 staining.
The significantly greater response of old cells to EGF was
surprising. Addition of EGF to the incubation medium generally shortened the response time of old cells from 48 to 36
hours. The total number of proliferating cells was consistently
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FIGURE 5. Cell cycle progression in
corneal endothelial cells from young
(A, B) and old donors (C, D). Corneas were incubated in 10% serum,
20 ng/ml FGF alone (A, C), or the
same medium supplemented with 10
ng/ml EGF (B, D). Open bars, percentage of Ki67-positive cells exhibiting a G1-phase pattern; gray bars,
percentage of Ki67-positive cells
with an S/G2-phase pattern; and
black bars, percentage of Ki67-positive cells with M-phase patterns.

lower in cells from old donors than in cells from young donors,
regardless of treatment; however, EGF significantly increased
the number of proliferating cells in the old group. In fact, this
number increased to nearly that observed in young cells incubated without EGF. It is noteworthy that the percentage of
total Ki67-positive cells exhibiting mitotic figures was similar in
both age groups. In cultures exposed to serum plus FGF, the
maximum percentage of actively cycling cells that exhibited
mitotic figures in the young group was 15% compared with
17% in the old group. EGF increased the percentage of M-phase
cells to a maximum of 22% in young cells and 27% in old ones.
An interesting set of cell culture studies by Blake et al.40
showed that human corneal endothelial cells from both young
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and old donors could be successfully grown on bovine corneal
endothelial matrix, and an age-related difference in culture
characteristics was noted. Cells from old donors grew in primary culture and generally could be passaged one time, after
which they exhibited morphologic changes characteristic of
senescence. In contrast, cells from young donors could be
passaged at least 3 to 4 times without exhibiting these characteristics. Studies were then conducted to determine the effect
of growth factors, including EGF, on endothelial cell proliferation using this novel model system. Unfortunately, cells from
newborns and from a 37-year-old donor were evaluated, but
the effect of these factors on proliferation of cells from old
donors was not tested.
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The specific mechanism by which EGF increased the proliferative response of cells from old donors is unclear. Also
unclear is why this growth factor did not have a more significant effect on young cells. It is well known that the signaling
pathways stimulated by serum, FGF, and EGF are different.
Perhaps serum, FGF, and EGF produce a strong additive or
synergistic effect that is required to induce aging cells to enter
the cell cycle, but is not necessary in young cells to produce
the same effect.
In the presence of EGF, cells from both age groups exhibited a clear peak of proliferative activity, whereas proliferation
in cells treated without EGF appeared to plateau. One reason
for this differential response may be the ability of EGF to
stimulate endothelial cell migration, as well as proliferation.
Wound healing studies45,46 indicate that EGF increases migration of cultured corneal endothelial cells in response to wounding. Wound closure would then be faster in endothelium
treated with EGF, because it enhances both proliferation and
migration, leading to a decrease in the number of actively
cycling cells.
No proliferating cells were observed within unwounded
areas of the corneal quarters; however, confocal microscopy
revealed Ki67-positive cells along the cut edge (data not
shown) as well as in the wound area. Treffers31 had a similar
finding, in that no [3H]thymidine-labeled cells were found in
the central area of unwounded corneas, but positive cells were
present in the corneal periphery. The findings in both these
studies differ from those of Couch et al.,32 who observed
mitotic figures in unwounded areas, as well as at the cut edge
of the corneal tissue. It is possible that handling of the corneal
tissue in their studies caused local damage to central areas of
the endothelial monolayer sufficient to induce a proliferative
response. In fact, Couch et al. discussed the possibility that
endothelial cells in “isolated points of injury to the human
cornea” were capable of proliferating in response to mitogenic
stimulation.
In summary, an ex vivo corneal wound model was used to
examine the relative ability of corneal endothelial cells from
young and old donor populations to enter and complete the
cell cycle. Ki67 staining patterns followed cell cycle progression from the late G1-phase through the completion of the
M-phase, providing more information than would have been
possible using BrdU or [3H]thymidine incorporation. Old cells
were capable of both entering and completing the cell cycle,
but significant differences in their response were observed
compared with young cells. Old cells entered the cell cycle
more slowly, and significantly fewer actively cycling cells were
observed than in young cells. EGF had relatively little effect on
the overall response of young cells. In contrast, it significantly
increased the rate of cell cycle entry in cells from old donors
and increased the total number of old cells that entered and
completed the cell cycle.
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