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except that outbred CD1 mice are albino (Tyrc/c) and some CD1 eyes had no outer nuclear
layer in the neural retina. The latter abnormality is characteristic of mice homozygous for
the common Pde6brd1 allele, which causes retinal degeneration. This allele is absent from
the inbred CBA/Ca strain that we used and the histology of the outer nuclear layer was
entirely normal. The major effects of the genetic background on the range of PAX77+/−

morphologic abnormalities are summarized in Table 1 and are described in the following
sections.

F1-PAX77+/− mice, whose genotype was verified by PCR, displayed a less severe eye
phenotype than CD1-PAX77+/− or CBA-PAX77+/− mice. Histologic analysis of 14 F1-
PAX77+/− eyes, mostly with lenses removed, revealed several consistent abnormalities that
were absent from wild-type F1 littermates. F1-PAX77+/− eyes had smaller corneas than
normal (Figs. 2A, 2E) but there were no other obvious corneal abnormalities (Fig. 2G). The
iris contained cystlike structures (11/14 cases), and the ciliary body was disorganized and
small compared with that in their wild-type littermates (Fig. 2F). The retinal pigmented
epithelium (RPE) appeared normal, but the neural retina was sometimes disorganized,
particularly in the outer nuclear layer (ONL); Figure 2H shows a minor abnormality.

Histologic analysis of eight CBA-PAX77+/− eyes revealed a variable phenotype that was
intermediate between that of CD1-PAX77+/− and F1-PAX77+/− mice (Table 1). The corneal
diameter of the CBA-PAX77+/− eyes was usually disproportionately reduced, relative to the
eye diameter, compared with that of wild-type CBA eyes (Figs. 2I–2E), but the corneal
epithelium thickness was not significantly affected (Figs. 2C, 2K). In contrast to Pax6+/−

heterozygotes,16 no goblet cells were identified in PAX77+/− corneal epithelia stained with
hematoxylin and eosin (Figs. 2G, 2K, 2N) or PAS (Fig. 2R and data not shown). The iris
was thickened and cystic (Fig. 2J) and the ciliary bodies were either absent or disorganized
and small (Fig. 2J). The retina appeared thinner (6/8 eyes) and the inner and outer nuclear
layers were disorganized (4/8 eyes) and often contained rosettes (Fig. 2L). Lenses were left
in situ in some (3/8 eyes) CBA-PAX77+/− eyes to allow histologic examination. Lenses
were small relative to the size of the eyes, and all contained cataracts. The anterior chamber
and the vitreous usually contained eosinophilic material (7/8 eyes; Fig. 2L).

Inspection of the intact CD1-PAX77+/− eyes with a dissecting microscope showed that they
all had lens opacities (cataracts). Histologic analysis of 13 CD1-PAX77+/− eyes revealed a
more severe phenotype than either CBA-PAX77+/− or F1-PAX77+/− eyes (Table 1), which
included severe microphthalmia and significant morphologic abnormalities in several eye
tissues (Figs. 2M–T). Corneal diameters were small but not disproportionately so in the
smallest CD1-PAX77+/− eyes. In all CD1-PAX77+/− eyes, the iris was malformed, thicker
than both wild-type and CBA-PAX77+/− irides, and displayed adhesions and sometimes
cystlike cavities (7/13; Fig. 2N). The ciliary bodies were disorganized in all eyes, and some
had a persistent pupillary membrane (Figs. 2O, 2Q, 2R). CD1-PAX77+/− lenses, left in situ
for histology, were small and often vacuolated (Fig. 2S), and the lens capsule, demonstrated
by PAS staining, was thickened, wrinkled (6/13), and adherent to the adjacent tissues (Fig.
2R). Densely packed cells with epithelial morphology formed multiple layers beneath the
capsule in all CD1-PAX77+/− eyes examined (implying subcapsular epithelial cell
proliferation; Fig. 2Q) and were also sometimes seen between differentiated lens fibers.
Retinas showed several abnormalities (Figs. 2P, 2S, 2T); most were dysplastic (10/13) and
contained rosettes (7/13), and some were folded (4/13) and/or adherent to the lens capsule
(10/13), but they were still arranged in recognizable layers. Occasional absence of the outer
nuclear layer was attributed to homozygosity for a retinal degeneration allele (e.g., Pde6brd1)
rather the PAX77 genotype, because it also occurred in some control, wild-type CD1
animals. Sometimes the vitreous cavity was not detectable (3/13), as the retina adhered to
the entire posterior lens capsule (Fig. 2M). In one of these eyes, the anterior chamber was
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Figure 1.
Effect of elevated Pax6 expression and genetic background on eye size and variation in eye
size within mice. (A) Mean mass (±SEM) of wild-type and PAX77+/− eyes from 12-week-
old mice on three different genetic backgrounds. (B) Mean difference in mass between left
and right eyes (±SEM) for the six groups. (C) The percentage eye mass difference,
calculated as [1 − (smaller eye mass/larger eye mass)] ×100%, for the six groups. The
numbers above each bar in (A) are the number of eyes and in (B, C) the number of pairs of
eyes. (Only mice with two undamaged eyes were included in B, C.) *P < 0.01; **P < 0.001 ;
***P < 0.0001 for comparison between PAX77+/− and wild-type eyes on the same genetic
background (t-tests).
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Figure 2.
Histologic comparison of adult PAX77+/− eye abnormalities (12 weeks) on three different
genetic backgrounds. (A–D) Wild-type CBA eyes showing normal features: (A) whole eye
with lens removed, (B) ciliary body (arrow) and iris, (C) cornea, (D) retina. (E–H) F1-
PAX77+/− eyes: (E) normal sized eye with reduced corneal diameter and flattened cystic
irides (lens removed); (F) abnormal ciliary body and cystic iris (arrow; lens present); (G)
normal cornea (H) minor abnormality in ONL of neural retina (arrow) (neural retina has
separated from RPE during processing). (I–L) CBA-PAX77+/− eyes: (I) small eye with
proportionately reduced corneal diameter (lens removed), (J) absent ciliary body and
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thickened, cystic iris (arrow), (K) cornea with normal epithelium, (L) eosinophilic material
in the vitreous and thin retina with rosettes (RO, arrow). (M–T) Albino CD1-PAX77+/−

eyes: (M) severely microphthalmic and disorganized eye (lens intact), (N) absent ciliary
body and thickened, cystic iris (arrow) and eosinophilic staining in the anterior chamber (O)
persistent pupillary membrane (PM, arrow) and eosinophilic staining in the anterior
chamber, (P) abnormal and folded retina, (Q) lens epithelium is multi-layered (three
arrowheads on left) and there appears to be undifferentiated lens epithelial cells among the
lens fibers (arrowhead on right), (R) extensively folded lens capsule (arrows; stained with
PAS), (S) vacuolated lens and abnormal retina with rosettes (RO, arrow), (T) ectopic ball of
retinal cells (RC, arrow) between retina and lens. D-ONL, disorganized outer nuclear layer;
LC, lens capsule; PM, pupillary membrane; RC, retinal cells; RO, rosette.
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