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ABSTRACT

We examined 21 members of a Mennonite family known 
to be affected by pigment dispersion syndrome (PDS), a 
condition characterized by the release of iris pigment into the 
anterior chamber of the eye. Liberated pigment is usually not 
noticeable until adulthood and excessive release can lead to 
blockage of the trabecular drainage channels, glaucoma, and 
blindness. This study was a fi ve-year follow-up in which we 
reexamined members of the fi rst three generations as well as 
11 members of the fourth generation who were not examined 
at the time of the original study. Clinically signifi cant fi nd-
ings ranged from mild pigment release in a nineteen year old 
to severe end-stage glaucoma in a ninety-four year-old. The 
pattern of inheritance among affected individuals suggests 
that this family carries an autosomal dominant gene for PDS. 
This study has given us an opportunity to inform the family 
members of possible risks and to document heritable PDS in 
a Mennonite family. Future work with this very cooperative 
family might lead to the identifi cation of the causative gene, 
a better understanding of the syndrome’s etiology, and more 
effective treatments.

INTRODUCTION

Glaucoma is a leading cause of blindness in the 
United States. Although clinical signs can vary, all forms 
of the disease are characterized by optic nerve degenera-
tion and irreversible vision loss, usually associated with 
elevated intraocular pressure (IOP). The primary course of 
treatment involves reducing IOP by either decreasing 
the production of aqueous humor or increasing its out-
fl ow. Although many patients respond well to available 
pharmacological and surgical interventions, some have 
IOPs that remain high despite aggressive treatment and 

others exhibit progressive optic nerve degeneration 
despite having normal or low IOPs.

Some forms of glaucoma are inherited and studies of 
affected families have led to the identifi cation of more 
than 20 genes.1 These recent fi ndings support the long-
held suspicion that different types of glaucoma are trig-
gered by different underlying molecular events.2 The 
current understanding of these events is limited, but 
the identifi cation of causative genes may lead to early 
detection through diagnostic genetic screening and more 
effective therapeutic approaches.

Pigmentary glaucoma (PG) is a form of glaucoma that 
is associated with pigment dispersion syndrome (PDS), 
a condition characterized by the liberation of iris pig-
ment into the anterior chamber (AC). For affected 
North American families of western European descent, 
PDS appears to be an autosomal dominant trait, and 
one study of four families mapped a causative gene to 
chromosome seven (7q35-q36).3,4 The syndrome does 
not express itself until adulthood and does not always 
lead to PG.5-7 Pigment release is the result of a concave 
sagging in the peripheral iris which brings the posterior 
surface into contact with the lens zonules (Figure 1).8 
Friction between the two surfaces causes pigment loss 
which is most apparent when viewing the anterior 
chamber while positioning a fi ber optic transilluminator 
over the temporal sclera. The resulting transillumination 
defects form a characteristic pattern of slits in the iris 
that correspond to the location and radial arrangement 
of the zonules.
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Aqueous fl ow carries pigment to several AC surfaces 
including the lens, iris, and corneal endothelium. 
Corneal deposits often form a centrally located band of 
pigment known as Krukenberg’s spindle, which may get 
its shape from the vertical meeting of aqueous currents 
(Figure 2).9 The total amount of AC pigment is appar-
ently in fl ux, and showers of pigment can be triggered by 
pharmacological agents or vigorous exercise.10-14 Aqueous 
currents eventually carry the pigment granules to the 
trabecular drainage system where they accumulate or 
get phagocytized by trabecular endothelial cells.15 The 
exact mechanism that links liberated pigment to elevated 
IOP and glaucomatous optic nerve damage remains con-
troversial, but the drainage channels of the trabecular 
meshwork are clearly compromised when pigment is 
present.9,10,16-19

Although PDS is a risk factor, longitudinal studies suggest 
that most affected people never develop PG.5-7 The differ-
ence between those who develop glaucoma and those who 
do not probably lies in the trabecular meshwork’s ability 
to tolerate or remove pigment.8 When accumulation is 

Figure 2: Slit lamp photograph showing a dense vertical band of 
pigment forming Krukenberg’s spindle on the corneal endothelium. 
This patient is the mother of the patient in Figure 1.

Figure 1: Slit lamp photograph of an eye with signifi cant concavity in 
the peripheral iris. A vertical slit of light is cast through the cornea and 
upon the inferior iris. The superimposed oval represents the pupil’s 
perimeter and the arrow indicates the point of greatest concavity, where 
the posterior iris is most likely to be in contact with the lens zonules.
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modest, trabecular endothelial cells are apparently able 
to phagocytize pigment and keep the drainage chan-
nels clear.15 However, excessive pigment accumulation 
overwhelms the clearing capacity of the endothelial cells 
and damages the trabecular meshwork.20 This damage 
can become irreversible, leading to a signifi cant and 
sometimes unmanageable rise in IOP.6-9

As with primary open-angle glaucoma, the central course 
of treatment for PG is the reduction of IOP, but inter-
ventions should also be aimed at reducing iridozonular 
contact. Potash et al. used ultrasonic measurements to 
show that miotic therapy or laser iridotomy can eliminate 
the iris concavity associated with PDS.21 The normal 
age-related reduction in pupil size may also reduce the 
concavity of the peripheral iris and could explain why the 
symptoms of PDS and PG often decrease over time.8

The Mennonite and Amish communities of southeastern 
Pennsylvania offer Lancaster County healthcare providers 
unique opportunities to study genetic disorders.22, 23 The 
communities are isolated, the populations are small, and 
the nuclear family sizes are often large. Taken together, 
these factors greatly enhance the odds of isolating genes 
responsible for heritable diseases.23 Of course, most pri-
vate practitioners do not have the technological tools 
to locate and identify causative genes, but by compiling 
information about signs and symptoms in an affected 
family, physicians can map pedigrees and propose modes 
of inheritance. This information can be shared with 
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geneticists and used to alert family members when their 
risk of disease is believed to be greater than that of the 
general population and to support or challenge existing 
theories of inheritance and gene penetrance.24

This investigation is a fi ve-year follow up of a study that 
identifi ed PDS in three generations of a local Mennonite 
family.25 In the fi rst investigation, we examined family 
members, took blood samples, and searched for a caus-
ative gene in the 7q35-q36 region of chromosome seven, 
the only site known to contain a PDS gene.3 Although 
this family shows traits consistent with an autosomal 
dominant pattern of inheritance, linkage analysis 
indicated that they do not carry the gene mapped to 
chromosome seven.25 Finding the causative gene will 
require additional genetic analyses, which will be more 
likely to succeed if we can identify more affected family 
members.

Although the original study involved over 100 family 
members, the current one concerns only twenty-one 
individuals in one branch of the family. We reexamined 
members of the fi rst three generations, but our primary 
focus was on the 11 members of this branch’s fourth gen-
eration, most of whom were not adults (18 years or older) 
and therefore not examined at the time of the original 
study. We screened these individuals, including five 

children of one affected member, for early signs of PDS. 
Our aim was to estimate the age of onset and to deter-
mine if data from the fourth generation continue to sup-
port an autosomal dominant pattern of inheritance. The 
identifi cation of additional affected individuals could 
justify a new search for this family’s causative gene.

METHODS

After obtaining informed consent, we collected medical 
records and examined 21 members of one Mennonite 
family from Eastern Lancaster County. Each examina-
tion began with an evaluation of the anterior chamber 
using a slit-lamp microscope in order to search for 
liberated pigment, transillumination defects, and iris 
concavity. We measured intraocular pressures (IOPs) 
with a Goldman tonometer and tested visual fi elds with 
a Humphrey HFA-II perimeter (Carl Zeiss, Thornwood, 
New York). We also took scanning laser images of the 
optic nerve head topography and classifi ed eyes as normal 
or glaucomatous using the Moorfi elds regression algo-
rithm included in the Heidelberg Retina Tomograph II 
(Heidelberg Engineering, Carlsbad, California).26

RESULTS

The pedigree in Figure 3 represents four generations 
of examined family members as well as one deceased 
individual (I:1) who, according to his family, had no 

Figure 3: The family pedigree reveals a pattern of inheritance consistent with an autosomal dominant PDS gene.
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significant visual impairments. The oldest surviving 
female (I:2) was ninety-four at the time of the examina-
tion and has end-stage glaucoma with signifi cant vision 
loss and severe glaucomatous cupping of the optic nerves. 
Medical records revealed that she was diagnosed with 
glaucoma associated with elevated IOPs in her 50s and 
had cataract surgery bilaterally when she was in her 
mid-70s. On examination, we found bilateral transillu-
mination defects but no pigment in the anterior chamber 
or trabecular meshwork. Her daughter (II:2) and two of 
her granddaughters (III:3 and III:5), had classic signs of 
PDS including bilateral Krukenberg’s spindles, concav-
ity of the peripheral iris with transillumination defects 
throughout 360 degrees, and pigment deposition in the 
trabecular meshwork. Medical records showed that fam-
ily member II:2, 75 years of age at the time of her exam, 
was diagnosed with PG in her early 50s. Her treatment 
history reveals a two-decade battle to control IOPs which 
often exceeded 25 mm Hg despite eyedrop therapy and 
surgical interventions. She currently enjoys good visual 
acuity, but has suffered from peripheral vision loss and 
progressive glaucomatous cupping of the optic nerves. 
Her four children in generation III, aged 48 to 52, could 
not provide signifi cant ophthalmic histories from the 
time before the original study in May of 2000 when it 
was found that two of them had PDS with no evidence of 
glaucoma. The fi ve-year follow-up examination revealed 
no detectable changes in the members of generation III; 
the previously diagnosed siblings, III:3 and III:5, were the 
only ones with PDS and all members of the generation 
had normal optic nerves, normal visual fi elds, and normal 
IOPs upon examination.

Unlike her siblings and cousins, one 19 year-old patient 
(IV:8), a daughter of affected patient III:5, exhibited trace 
amounts of anterior chamber pigment in the right eye 
and bilateral concavity of the peripheral iris. Intraocular 
pressures, visual fi elds, and optic nerve head topographies 
were within normal limits for this patient and all mem-
bers of her generational cohort (aged 16-36). 

The four individuals who married into the family (II:1, 
III:2, III:4 and III:7) are probably not affected since 
they showed no signs of PDS while in the age range 
(45-75 years) in which signs are most apparent.

DISCUSSION

Without a detailed family history, the fi ne endothelial 
pigment and iris concavity in 19 year-old patient IV:8 

may have been overlooked or considered clinically 
insignifi cant in the course of a routine examination. 
Although the anterior pigment deposition in the right 
eye is too fi ne to form a clear Krukenberg’s spindle and 
iris concavity is not a perfect predictor of PDS, none 
of the unaffected family members in generations II-IV 
exhibit these traits. It must be emphasized, however, that 
PDS is rarely detected before age 30 and other members 
of generation IV may develop PDS in time. The case of 
patient IV:8 may represent the earliest detectable stage 
of PDS and she has been alerted to the importance of 
lifelong monitoring and early intervention in order to 
limit the sequelae of PDS and PG. Her affected mother, 
aunt, grandmother, and great-grandmother did not have 
the benefi t of such an early diagnosis, partly because none 
had an eye exam before age 40.

To date, patients III:3 and III:5 have no signs of elevated 
IOP or glaucomatous damage and may be among the esti-
mated 80% of individuals with PDS who do not develop 
PG.5-7 Nonetheless, their mother has PG and they may 
have compromised trabecular function as a result of ongo-
ing pigment release. Such patients should be followed 
closely in the event that the phagocytic capacity of the 
trabecular endothelial cells is overwhelmed, leading to 
elevated IOP and PG.19, 20 Patients II:2 and I:2 represent 
intermediate and late stages of PG, respectively. Despite 
aggressive treatment, patient II:2 has exhibited intermit-
tent periods of unmanageable elevated IOPs for over 
20 years. These episodes have been less frequent in the last 
fi ve years and she has recently responded well to therapy. To 
date, she has not suffered signifi cant vision loss. It is possible 
that, over time, age-related changes and surgical interven-
tions may have reduced the iridozonular contact and, con-
sequently, decreased the pigment release and obstruction of 
the trabecular meshwork. Patient I:2, however, represents 
a case of end-stage PG with signifi cant vision loss. This is 
most likely due to the fact that she developed PDS and 
glaucoma approximately 40 years ago when the syndrome 
was poorly understood and treatment options were few. 
Ironically, as is often the case, this patient no longer exhibits 
Krukenberg’s spindles and the iris transillumination defects 
are the only evidence of past PDS. The combined effects 
of bilateral cataract surgery, trabeculectomies, and natural 
aging changes may have eventually reduced iridozonular 
contact enough to halt pigment liberation.8

Investigations into the causes of other types of glau-
coma suggest that they are genetically heterogeneous 
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conditions for which a specifi c group of clinical signs 
can be caused by one of several possible mutations hav-
ing dominant or recessive modes of inheritance.1 The 
same is probably true for PDS since this family exhibits 
classic traits of the condition without carrying the only 
known gene. The pattern of inheritance described here, 
combined with the genetic screening conducted in the 
previous investigation, suggests that this family carries an 
unidentifi ed autosomal dominant gene for PDS.

CONCLUSION

This very cooperative family has given us a unique oppor-
tunity to get a cross-sectional view of the progression 
from PDS to PG and, more importantly, inform the fam-
ily about the risks and a possible mode of inheritance. We 
will continue to monitor them, especially the children 
of affected members, for new signs. To our knowledge, 
this family represents the only documented example of 
inherited PDS in the Mennonite community. 
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SPECIAL REVIEWER’S COMMENT 

BY D. HOLMES MORTON, M.D.

This paper is a nice example of Translation Genetics 
within a local medical system. It explicitly addresses a 
signifi cant problem within an extended family, and dem-
onstrates how often the medical care required to be help-
ful is quite basic. The ingredients are: a good history, good 
follow-up, and techniques of monitoring that are readily 
available - including linkage analysis to search for the 
gene locus and to help better defi ne the risk of disabling 
disease. This kind of work should be done more often, 
both in Lancaster County and in University Hospitals. 

The marker studies done in this paper looked for linkage 
to specifi c clusters of genes within chromosome 7 and 18 
that were previously reported to be associated with PDS 
and glaucoma, but data indicate the causative gene is 
elsewhere. With the same DNA collected for this paper, 
the authors could redo the analysis in subsequent studies, 
using 10,000-50,000 SNP* markers to search the entire 
genome for the disease gene. The goal of such studies is 
to fi nd the specifi c gene and the mutation in that gene 
which gives rise to the PDS. Detection of the mutation by 
a polymerase chain reaction (PCR) assay then becomes 
a simple and inexpensive diagnostic test. 

At the Clinic for Special Children we have a catalogue 
of 105 genetic syndromes found in our patient popula-
tion. For 84 of these disorders we currently know the 
gene locus, and for 75 of the disorders we know the spe-
cifi c disease-causing mutation. SNP mapping studies are 

constantly being done to fi nd the gene locus and muta-
tion for the other 21 syndromes. This summer, with sup-
port from Franklin and Marshall College and Lancaster 
General Hospital, and with the help of Mike Fox, a 2007 
F&M Graduate, we are developing a new method to 
detect specifi c gene mutations. The method will allow 
96-380 samples to be analyzed in approximately 2 hours 
for a cost of less than $10 per sample, which will make 
it practical to carry out rapid detection of mutations in 
high-risk newborns, and testing for carriers within large 
extended families. 

Many adult-onset genetic disorders will - like PDS – also 
be dominant traits with variable penetrance. Such muta-
tions may be important risk factors for disease, but they 
seldom act alone. Expression of disease is the product 
of interacting genes which control proteins, and other 
factors such as biochemistries and environmental infl u-
ences. In patients with PDS, there might be infl uences 
from factors such as infections that cause infl ammation 
of the eye; injuries that affect microanatomy; and the 
availability of nutrients like vitamin C and copper, 
which are necessary for the formation of stable forms of 
the connective tissues that form the microscopic drain-
age pathways of the anterior chamber, and support the 
iris and lens. 

The fi rst evidence that a disease is treatable is often the 
variation in the natural history of the disease. Preventive 
treatments arise from understanding how the interaction 
of so many variables infl uences the disease. An effec-
tive approach might include attention to many aspects: 
treating infections early, suppressing infl ammation, 
avoiding injury, taking a multivitamin, and using 
medication to regulate interacting genes up or down. 
The latter is the insight that is most closely related 
to my own work on the infl uence of genes on human 
biology.

*A Single Nucleotide Polymorphism (SNP) is an inherited variation in 
a single base-pair of DNA. In contrast to a disease causing mutation, a 
Polymorphism does not cause loss of function of a Gene. Most SNPs are 
found in Introns, which are the non-coding regions of DNA between 
the coding regions of a Gene, called Exons. The SNPs on the 10,000 
and 50,000 SNP genotype arrays used at the Clinic are in non-coding 
regions of DNA; newer genotype arrays identify 1-2 million SNPs and 
include Polymorphisms in Exons. There are an estimated 5-10 million 
SNPs in the human genome. The precise location of each SNP can be 
found in the Human Genome Databases on-line at the National Center 
for Biotechnology Information.
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