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ABSTRACT 

Axenfeld-Rieger syndrome is an autosomal dominant disorder with high penetrance but variable expressivity associated with 
systemic as well as ocular developmental abnormalities secondary to genetic defects resulting from derangement in neural crest cell 
differentiation and migration. Systemic findings include mild craniofacial dysmorphism, dental and cardiovascular abnormalities, and 
redundant umbilical skin. The most common ocular manifestations include a spectrum of posterior embryotoxon, iris atrophy, 
corectopia, and ectropion uveae with 50% of patients developing glaucoma. There are three types of ARS: Type 1, Type 2, Type 3 
which result due to mutation in gene PITX2 on chromosome 4, gene FOXAO1 on chromosome 13, and FOXC1 on chromosome 6 
respectively. Various clinical trials are being done to identify other genes related to this syndrome. Till date no specific treatment is 
known except the beta blockers, alpha agonist, carbonic anhydrase inhibitors and some prostaglandin analogues.  
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INTRODUCTION 

Axenfeld-Rieger syndrome (ARS) is an autosomal 
dominant genetic condition characterized by anterior 
segment dysgenesis and systemic abnormalities. The 
syndrome was named after the two opthamologists 
Theodor Axenfeld (Germany) and och Herwig Rieger 
(Austria), who described it in 1920 and 1935 respectively. 
Axenfeld characterized the anomaly which described 
posterior embryotoxon and iris strands adherent to the 
anteriorly displaced Schwalbe’s line.5 Rieger described 
patients with congenital iris abnormalities including, 
correctopia, iris hypoplasia and polycoria, which is 
referred as Rieger anomaly.5  Rieger anomaly, associated 
with systemic findings, such as maxiallry hypoplasia, 
unbilical abnormalities, dental, facial bone defects 
including, or pituitary involvement is known as Rieger 
syndrome.3-4 The combination of Axenfeld anomaly, and 
Reiger syndrome is known collectively as Axenfeld-Rieger 
syndrome. This disorder is seen in approximately 
1/200,000 live births. Several cases are diagnosed during 
infancy or childhood; however, glaucoma typically occurs 
in late childhood or adulthood.5 In April 2008, the UKGTN 
published a review of service provision within genetic 
ophthalmology. The report highlighted that some genetic 
testing in ophthalmology existed in a research setting 
with no provision for transferring to main stream genetic 
testing. Bristol Eye Hospital (BEH) established a service 
Axenfeld-Rieger syndrome during a period of research 
(WAVE (scanning) point mutation analysis (PITX2 and 
FOXC1).5 

Epidemiology and Pathogenesis 

The syndrome is caused by developmental defects of the 
eyes and teeth, during the first three months of 
pregnancy. Mutations in certain genes have been 
identified. Approximately 40 per cent of individual 

showed genetic mutation, while no genetic abnormalities 
have been identified in the remaining individuals. 
Axenfled-Rieger syndrome (ARS) is autosomal dominant 
in most cases, but can also occur sporadically. It is 
associated with a 50% risk of glaucoma.6-7 ARS is a 
genetically heterogeneous group of abnormalities which 
is a result of mutations in at least 4 different gene loci. 
Mutations in PITX2 on ch 4q25, FOXC1 on 6p25, PAX6 on 
11p13, and FOXO1A on 13q14 have been associated with 
formation of ARS.8-9 FOXC1 and PITX2 both encode for 
transcription factors which regulate expression of 
downstream genetic targets by binding to specific DNA 
sequences and activating transcription. In mouse models, 
both FOXC1 and PITX2 are expressed in the ocular organs 
and structures affected in ARS during embryogenesis.10-11 

There are 5 reported loci as shown in figure 1 which have 
been associated with ARS. RIEG was identified and cloned 
in 1996, and later renamed as PITX2. FOXC1, second loci 
of ARS, was identified in 1998. 40% ARS cases was 
reported in both PITX2 and FOXC1 which occurred due to 
point mutations and copy number variations. Two loci 
have been identified but the genes remained unknown. 

 
Figure 1 

More than 44 mutations related to FOXC1 is reported till 
date. Chromosomal aberration due to missense, 
nonsense, insertion/deletion and duplication of genes 
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were observed. Majority of mutations resided in the fork 
head domain. 

More than 40 mutations related to PITX2 are reported till 
date. Chromosomal aberration due to missense, 
nonsense, splice-site mutation and insertion/deletion of 
genes were observed. Majority of mutations resided in 
the homeodomain as shown in figure 2.5 

 
Figure 2 

Case Study 

Case 1: Rieger syndrome case with all the typical 
dysmorphic features and the molecular genetic finding 
was described by use of FISH analysis of the PAX6 gene. 
 An eight-year old girl with iridogoniodysgenesis, iris 
stroma hypoplasia, corectopia, underdeveloped 
premaxilla and a congenital absence of nine teeth in the 
maxilla. The mandibular front teeth were in the peg-
shaped and all teeth were small. There was failure of 
involution of the periumbilical skin. FISH analysis using 
probes for the PAX6 gene showed a small deletion for the 
PAX6 gene on one homologue of chromosome 11. Hence 
it was concluded that Rieger syndrome can in addition to 
PITX2 gene mutations and abnormalities at chromosome 
13q14 can be associated with PAX6 gene abnormalities.12-

13 

Case 2: A 13 year old girl got FOXC1 deletion and was 
observed with enhanced surveillance of glaucoma and 
was referred to cardiology as well as prenatal testing in 
future. 

Case 3: Figure 3 shows PITX2 Splice-site Mutation in 44 
year old male was observed with bilateral secondary 
glaucoma and hydrocephalus. 

 
Figure 3 

 
Figure 4 

PITX2 point mutation analysis lead to the identification of 
splice-site mutation in PITX2 c.47-1G>A as shown in figure 
4. Previously reported mutations affected position c.47-

1G>T and c.47-1G>C. Functional studies in these cases 
reported that protein were poorly expressed and 
truncated. 

Case 4:  Figure- 5a and b shows, FOXC1 Unclassified 
Variant was seen in 23 year old male 

 
Figure 5a 

 
Figure 5b 

Evidence confirmed variant resides in the functional 
forkhead domain of the protein. Reports showed 
mutation affecting the same codon but a different 
nucleotide (c.253G>C, p.Ala85Pro) were associated with 
eye and heart defects in two family members.5 

Types of Axenfeld Rieger Syndrome 

Type 1: 

Systemic features: Dental anomalies and mid-facial 
hypoplasia secondary to underdeveloped maxillary 
sinuses are among the most common systemic 
features. The nasal root often appears abnormally broad 
and the lower lip appears to protrude. The teeth become 
small and conical in shape with wide spaces between 
them (diastema).  Some teeth may be missing.  The 
umbilicus may fail to involute normally and retains 
excessive, redundant skin which sometimes leads to the 
erroneous diagnosis of an umbilical hernia. Hypospadius 
is frequently present while anal stenosis, cardiac defects 
and sensorineural deafness, are less common. 

Genetics: Type 1 is caused by a mutation in the 
homeobox transcription factor gene, PITX2, located at 
4q25-q26.  A type of iris hypoplasia (IH)/ 
iridogoniodysgenesis (IGDS) (IRID2) disorder has been 
classified separately but is caused by a mutation in PITX2 
as well and many cases have the same systemic features.  
Mutations in the same gene have also been found in ring 
dermoid of the cornea and in some cases of Peter’s 
anomaly. RIEG2 is rare but a deletion of 13q14 has been 
reported in several cases. Mutations in the FOXC1 gene 
(6p25) may be responsible for RIEG3.17-19 

Type 2:  

Systemic features: Dental and hearing defects, mild 
craniofacial dysmorphism, hydrocephalus, 

 

 

  Mutant sequence  tttcgttttcaaAGAAAGA 

Wildtype sequence tttcgttttcagAGAAAGA 
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“All sequences showed that splicing was shifted 2 nt 
downstream to the next available "AG" dinucleotide”  

 

                                                     

Po int  muta tion a nalys is of  FO X C1 ide nt ifie d  a U V ; c.254C > T, p. Ala85V al. 

                   

E x o n                                          1                              

 
 c .1                                                                     c . 1 6 6 2  

c .2 5 4 C > T ,  c . 2 5 4 C > T ,  
p . A la 8 5 V a l 
 



Int. J. Pharm. Sci. Rev. Res., 14(1), 2012; nᵒ 13, 64-68                                                                                         ISSN 0976 – 044X 

 

International Journal of Pharmaceutical Sciences Review and Research                                                     Page 66 
Available online at www.globalresearchonline.net 

 

cryptorchidism, fetal lobulation of kidney, congenital 
heart defect, and congenital hip abnormalities. 

Genetics: Deletion of 13q14 performed linkage analysis of 
a large 4-generation family and demonstrated that Rieger 
syndrome was not linked to 4q25 but to markers on 
13q14. Phillips et al. (1996) pointed to forkhead (FOXO1A) 
as an excellent candidate for the site of the mutation in 
this form of Rieger syndrome. They stated that if such 
mutations are found, this would be an example of a gene 
that can function both as an oncogene (producing 
rhabdomyosarcoma) and as a 'teratogene' (producing 
RIEG2). 

HGNC Approved Gene Symbol: RIEG2 whose cytogenetic 
location is 13q14 and which had Genomic Coordinates 
(GRCh37): 13:40,100,000 - 55,300,000.20-21 

Type 3: 

Systemic features: Patients are less likely to have the 
systemic anomalies such as craniofacial and dental 
defects often seen in RIEG1. They often have a 
sensorineural hearing deficit and many have cardiac 
valvular and septal defects not usually seen in RIEG1. 

Genetics: They result from a mutation in the FOXC1 gene 
located at 6p25.  Mutations in the same gene also cause 
iris hypoplasia/iridogoniodysgenesis (IGDA) (IRID1).18 

Symptoms 

Axenfeld-Rieger syndrome is a bilateral, heterogeneous 
condition and may include developmental abnormalities 
in the anterior chamber angle, iris, and trabecular 
meshwork. Posterior embryotoxon, an increased 
intraocular pressure, correctopia, polycoria and ectropion 
uveae, are common ophthalmologic findings with ARS. 
Photophobia may be a symptom resulting from the 
pupillary and iris abnormalities. The most commonly 
recognized clinical manifestations of ARS are the iris 
correctopia/atrophy, and posterior embryotoxon. 
Typically, the reminder of the cornea is clear. Occasional 
patients have megalocornea or microcornea. The 
posterior embryotoxon may not be visible with the slit 
lamp examination.3 The iris strands adherent to the 
posterior embryotoxon can range from fine threadlike 
strands to broad bands of iris tissue. Likewise, the iris 
stroma may be grossly abnormal including generalized 
atrophy with correctopia, ectropion uveae, and often is 
similar in clinical appearance to iridocorneal endothelial 
syndrome (ICE).4 Systemically, mild craniofacial 
dysmorphism, dental abnormalities, and redundant 
umbilical skin are observed. The facial abnormalities 
include hypertelorism, telecanthus, maxillary hypoplasia, 
and a broad, flat nasal bridge. Dental abnormalities 
include hypodontia, microdontia or oligodontia. Patients 
may have hypospadias, anal stenosis, pituitary 
abnormalities, growth retardation, and cardiac valvular 
abnormalities.5, 14 Abnormalities of the pituitary gland and 
other surrounding areas are less common, but more 
serious findings.   

Diagnosis 

Axenfeld-Rieger Syndrome can be diagnosed during an 
eye examination. The most important signs include: 
checking the pressure in the eye, examining the drainage 
angle and looking at the optic nerve. If the pressure is 
high then Glaucoma is likely. Sometimes small mirror 
helps to look at the drainage angle. Water in the eye 
drains out at the drainage angle. Glaucoma looks 
different from usual. If the angle looks blocked or not fully 
developed then this might explain why the pressure is 
high. The optic nerve can also help to make a diagnosis. In 
Glaucoma damage occurs to the optic nerve which causes 
some of the wires within it to wear out and disappear. By 
looking into the eye with a special instrument all these 
wires can be seen 'end on' as they exit the eye and pass 
to the brain. This is the 'head' of the optic nerve. If none 
of the wires are damaged then the 'head' of the optic 
nerve looks yellow and pink. If many wires are missing 
then the optic nerve looks pale and white. This is the 
common appearance in Glaucoma. Eye doctors often 
describe the damage to the optic nerve head as 'optic disc 
cupping'. Younger children can be examined easily while 
they are asleep, under a short anesthetic, the eye doctor 
can check the pressure in the eye and the appearance of 
the head of the optic nerve. Axenfeld-Rieger Syndrome is 
diagnosed if glaucoma is confirmed along with other signs 
such as a flattened appearance to the nose and face and 
fewer teeth than normal.22 

ARS Testing Strategy (Figure- 6)  

 
Figure 6 

Treatment 

The presence of glaucoma requires prompt and vigorous 
treatment but control is difficult with blindness too often 
the result.  Oral surgery may be beneficial for dental 
problems.  Low vision aids can be useful. 

Medical Management 

Medical management of congenital and childhood 
glaucoma is generally used as an adjunct to surgical 
interventions. Aqueous suppressants, including beta-
blockers such as atenolol, propanolol, timolol, betaxolol, 
levobulolol23-24 and carbonic anhydrase inhibitors such as 
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acetazolamide, dorzolamide, brinzolamide25 have been 
shown to be safe and effective. Side effects should be 
considered. Prostaglandin analogues such as 
latanoprost may be used to lower IOP and are 
generally.26-27 Alpha-2 agonists such as Clonidine, 
especially brimonidine, is contraindicated in children less 
than 2 years of age secondary to their association with 
potentially serious apnea, bradycardia, hypotension, 
hypotonia, and CNS depression in this population.28 
Praclonidine should be used with caution for the same 
considerations, but seems to be safer than brimonidine.29  

Surgical Management 

As in congenital glaucoma, surgical intervention is more 
efficacious than medical management in ARS.30 Surgical 
options include, goniotomy, trabeculotomy, 
trabeculectomy with or without antifibrotic agents, 
aqueous shunt procedures, or cyclodestructive 
procedures. In a retrospective review of pediatric 
glaucoma by Bussieres et al, 40% of patients with ARS had 
goniotomy, 30% had trabeculotomy, and 2% required 
glaucoma drainage devices. Most of those patients 
required 1.5 surgeries per eye.26, 31 

CONCLUSION 

ARS is a term that can be used to describe a variety of 
overlapping phenotype. Till date at least 3 known genetic 
loci are found which can cause this disorder. The 
important feature of these phenotypes is that they confer 
a 50% or greater risk of developing glaucoma. The 
condition can also lead to gradual and irreversible visual 
loss and needs specialist care and careful monitoring. 
Early detection of ARS are measuring potentially elevated 
intraocular pressure helps physician to prevent visual field 
loss. Various clinical trials are being done to identify other 
genes related to this syndrome. Till date no specific 
treatment is known except the beta blockers, alpha 
agonist, carbonic anhydrase inhibitors and some 
prostaglandin analogues so research are being done in 
this field to specify a particular line of treatment for this 
syndrome. Novel targets for treatment are now in 
development with the primary objective of curing it up to 
the root level. Furthermore, these genetic issues may be 
utilized in the development of targeted drug therapies for 
Axenfeld-Rieger syndrome. 

REFERENCES 

1. Klin Monatsbl Augenheilkd, Axenfeld TH. Embryotoxon 
cornea posterius, 65, 1920, 381-382.     

2. Rieger H. Beitrage zur Kenntnis seltener Missbildungen 
der Iris, II: uber Hypoplasie des Irisvorderblattes mit 
Verlagerung und entrundung der Pupille. Albrecht von 
Graefes Arch Klin Exp  Ophthalmol. 133, 1935, 602-635. 

3. Shields MB. Axenfeld-Rieger syndrome: A theory of 
mechanism and distinctions from the Iridocorneal 
endothelial syndrome. Trans Am Ophthalmol Soc. 
81,1983, 736–84. 

4. Disease With Striking Similarities and Differences. J of 
Glaucoma. 10 (suppl 1), 2001, S36-S38. 

5. http//: www.cmgs.org 

6. Alward WLM: Axenfeld-Rieger syndrome in the age of 
molecular genetics. Am J Opathalmol 130, 2000, 107-115. 

7. Hjalt TA, Semina EV: Current molecular understanding of 
Axenfeld-Rieger syndrome. Expert Rev Mol Med 7, 2005, 
1-17. 

8. Glaser T, Walton DS, Maas RL. Genomic structure, 
evolutionary conservation and aniridia mutations in the 
human PAX6 gene. Nat Genet. 2(3), 1992, 232-239. 

9. Phillips JC, del Bono EA, Haines JL, et al. A second locus for 
Rieger syndrome maps to chromosome 13q14. Am J Hum 
Genet. 59(3), 1996, 613-619 

10. Berry FB, Lines MA, Oas JM et al: Functional interactions 
between FOXC1 and PITX2 underlie the sensitivity to 
FOXC1 gene dose in Axenfeld –Rieger syndrome and 
anterior segment dysgenesis. Hum Mol Genet 15, 2006, 
905– 919. 

11. Smith RS, Zabaleta A, Kume T et al. Haploinsufficiency of 
the transcription factors FOXC1 and FOXC2 results in 
aberrant ocular development. Hum Mol Genet 9, 2000, 
1021-1032. 

12. Brændstrup JM: Posterior embryotoxon in three 
generations (Anomaly of Development in the Anterior 
Chamber of the Eye with Annular Opacity of the Cornea 
and Membrane Before the Chamber Angle). Acta 
Ophthalmol (Copenh,), 26, 1948, 495–507. 

13. Childers NK & Wright JT: Dental and craniofacial 
anomalies in Axenfeld-Rieger syndrome. J Oral Pathol1, 
5, 1986, 534–539. 

14. Alward WL. Axenfeld-Rieger syndrome in the age of 
molecular genetics. Am J Ophthalmol 130, 2000, 107-115. 

15. Caldo-Teixera AS, Puppin-Rontani RM. Management of 
severe partial hypodontia; case report. J Clin Pediatr Dent 
27, 2003, 133-136. 

16. Tümer Z, Bach-Holm D. Axenfeld-Rieger syndrome and 
spectrum of PITX2 and FOXC1 mutations. Eur J Hum Genet 
17, 2009, 1527-1539. 

17. Weisschuh N. Digenic inheritance in axenfeld rieger 
syndrome. Hum Mutat. 2011 Oct; 32(10): iv. doi: 
10.1002/humu.21593. 

18. Law SK, Sami M, Piri N, Coleman AL, Caprioli J. Asymmetric 
phenotype of Axenfeld-Rieger anomaly and aniridia 
associated with a novel PITX2 mutation. Mol Vis. 17, 2011, 
1231-8. 

19. Tümer Z, Bach-Holm D. Axenfeld-Rieger syndrome and 
spectrum of PITX2 and FOXC1 mutations. Eur J Hum 
Genet. 17(12), 2009, 1527-39. 

20. Retinoblastoma associated with Rieger's anomaly and 13q 
deletion. Jpn. J. Ophthal. 25, 1981, 321-325. 

21. Stathacopoulos, R. A., Bateman, J. B., Sparkes, R. S., 
Hepler, R. S. The Rieger syndrome and a chromosome 13 
deletion. J. Pediat. Ophthal. Strabismus 24, 1987, 198-203. 

22. http//. www.viscotland.org.uk 

23. Boger WP, Walton DS: Timolol in uncontrolled childhood 
glaucoma. Ophthalmology, 88, 1981, 253-288. 



Int. J. Pharm. Sci. Rev. Res., 14(1), 2012; nᵒ 13, 64-68                                                                                         ISSN 0976 – 044X 

 

International Journal of Pharmaceutical Sciences Review and Research                                                     Page 68 
Available online at www.globalresearchonline.net 

 

24. Hoskins HD, Hetherington J, Magee SD: Clinical experience 
with timolol in childhood glaucoma. Arch Ophthalmol 103, 
1985, 1163-1165. 

25. Portellos M, Buckley EG, and Freedman SF: Topical versus 
oral carbonic anhydrase inhibitor therapy for pediatric 
glaucoma. Journal of American Association of Pediatric 
Ophthalmology and Strabismus 2, 1998, 43-47. 

26. Enyedi LB, freedman SF, Buckley EG: The effectiveness of 
latanoprost for treatment of pediatric glaucoma. Journal 
of American Association of Pediatric Ophthalmolgand 
Strabismus. 3, 1999, 33-39. 

27. Black AC, Jones S, Yanovitch TL, et al. Latanoprost in 
pediatric glaucoma- pediatric exposure over a decade. J 
AAPOS. 13(6), 2009, 558-62. 

28. Carlsen JO, Zabriskie NA, Kwon YH: Apparent central 
nervous system depression in infants after the use of 
topical brimonidine. Am J Ophthalmol. 128, 1999, 255–
256.  

29. Wright TM, Freedman SF. Exposure to topical 
apraclonidine inn children with glaucoma. J Glaucoma. 
18(5), 2009, 395-398. 

30. Beck AD. Diagnosis and management of pediatric 
glaucoma. Ophthalmol Clin North Am. 14(3), 2001, 501-
512. 

31. Bussieres JF, Therrien R, Hamel P. Retrospective cohort 
study of 163 pediatric glaucoma patients. Can J 
Ophthalmol. 44(3), 2009, 323-327. 

32. External disease and Cornea, Section 8. Basic and Clinical 
Science Course, AAO. 2009-2010, 292-301.  

 
 
 

******************* 


