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 Prolidase deficiency (PD; OMIM 170100) is a rare au-
tosomal recessive inborn error of amino acid metabolism 
that affects collagen degradation, with an estimated inci-
dence of 1–2 cases per 1,000,000 births [Lupi et al., 2008]. 
PD was first described by Goodman et al. [1968] and has 
a wide phenotypic spectrum with no evidence for geno-
type-phenotype correlation [Falik-Zaccai et al., 2010]. 
Common clinical features include facial dysmorphism, 
chronic ulcerations of the lower extremities, intellectual 
disability, and recurrent respiratory tract infections. The 
symptoms are caused by the reduction or loss of prolidase 
activity due to mutations in the peptidase D ( PEPD ; 
OMIM 613230) gene located in chromosome 19q13.11, 
which has multiple functions including involvement in 
the latter stages of catabolism of dietary and endogenous 
proteins rich in proline or hydroxyproline, such as colla-
gen. Clinical manifestations are often detectable in early 
childhood, but late-onset cases have also been reported 
[Lupi et al., 2008].

  Patient and Methods 

 Clinical Report 
 Our patient is a 6-year-old boy born to consanguineous par-

ents (parents’ fathers are second cousins) of Mexican descent. 
The remainder of the family history is unremarkable. Our pa-
tient presents with microcephaly (OFC = 48 cm, –8 SD) and with 
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 Abstract 

 Prolidase deficiency (PD) is a rare genetic disorder caused by 
mutations in the peptidase D  (PEPD)  gene, affecting collagen 
degradation. Features include lower extremity ulcers, facial 
dysmorphism, frequent respiratory infections, and intellec-
tual disability, though there is significant intra- and interfa-
milial variability. Twenty-eight mutations have been previ-
ously reported, all either small deletions/duplications or 
point mutations discovered by enzyme or DNA assays. PD 
has been reported in patients of various ethnic backgrounds, 
but never in the Mexican-American population. We describe 
the first Mexican-American patient with PD, who presented 
with typical facial features, developmental delay, micro-
cephaly, and xerosis. Chromosome microarray analysis 
(CMA) revealed a homozygous deletion in the region of 
19q13.11, estimated to be between 124.79 and 195.72 kb in 
size, representing the largest  PEPD  gene deletion reported 
to date and the first discovered by CMA. 
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normal height (126 cm, 80th percentile) and weight (23 kg, 50th 
percentile). He has dysmorphic facial features including synoph-
rys, proptosis ,  hypertelorism, downslanting palpebral fissures, a 
prominent nose, thin vermilion of the upper lip, prognathism, 
and low anterior and posterior hairlines. His skin examination 
revealed prominent supragluteal fat pads and diffuse xerosis. He 
has receptive and expressive language delay despite a normal 
hearing evaluation. He receives speech and occupational thera-
pies, verbalizes  ∼ 15 words and uses some sign language. He 
walked at the age of 19 months and currently walks and runs 
without difficulty. Other medical problems include constipation. 
Abdominal ultrasound revealed splenomegaly that was not de-
tected on physical examination. His parents deny any history of 
ulcerations of the skin, recurrent pulmonary infections, or other 
recurrent infections.

  Molecular Cytogenetic Analysis 
 Chromosome microarray analysis was performed using the ar-

ray comparative genome hybridization (aCGH) method labeled 
with 2 different fluorophores for the patient extracted DNA and a 
sex-match control DNA and then hybridized onto NimbleGen 
CGX-12 v1.0 12-plex hg 18 based on the human genome build 18 
following the manufacturer’s protocol. The resolution of aberra-
tion is 10–50 kb for a detectable deletion of minimum size. The log 2  
ratio of the 2 different labeled patient and control DNA were ana-
lyzed and calculated using Genoglyphix database analysis (Signa-
ture, Spokane, Wash., USA).

  Results 

 Molecular Cytogenetic Results 
 Based on the log 2  ratio, the results revealed an inter-

stitial biallelic deletion involving the  PEPD  gene ( fig. 1 ). 
This deletion is characterized by a copy loss of 5 oligo-
nucleotide probes in the region of 19q13.11. This abnor-
mality is estimated to be a minimum size of 124.79 kb 
and a maximum size of 195.72 kb due to gaps in the re-
gions represented on the microarray with genomic coor-
dinates: arr[hg18] 19q13.11(38,569,683–38,704,639)×0. 
Because of the biallelic deletion, the patient has a homo-
zygous deletion in  PEPD,  which is known to be associ-
ated with PD.

  FISH of the BAC clone RP11-1101H9 (205 kb with 
62% within region of interest) directed onto 19q13.11 
was obtained from Empire Genomics (Buffalo, N.Y., 
USA) and performed on the patient and his sister. FISH 
results showed 2 copies of diminished signals (compared 
to those found in the sister) in 50 interphase and 20 meta-
phase cells of the patient’s peripheral blood ( fig. 2 B), in-
dicating a biallelic deletion, confirming the aCGH find-
ings. FISH of the same BAC clone performed on 50 in-

A

B

  Fig. 1.   A  aCGH Genoglyphix plot of chromosome 19 showing probes (blue dots) located at –3.0 log 2  ratio. 
 B  UCSC plot showing the deletion involving all 15 exons and 14 introns of the  PEPD  gene. 
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terphase and 20 metaphase cells of the sister showed one 
diminished signal indicating a monoallelic deletion 
( fig. 2 A, C).

  Biochemical Analysis 
 By ion exchange method, urine amino acid analysis 

revealed elevated methionine (195 m M / M  creatinine; nor-
mal <50 m M / M  creatinine) as well as unidentified peaks 
causing interference with the peaks of isoleucine, leucine 
and tyrosine. Using gas chromatography-mass spectrom-
etry, urine organic acid analysis revealed imidodipepti-
duria. Carbohydrate-deficient transferrin analysis was 
also performed to rule out a congenital disorder of glyco-
sylation, given the physical finding of supragluteal fat 
pads. The result was normal.

  Discussion 

 To date,  ∼ 90 patients with PD have been described, 67 
of which have been molecularly characterized revealing 
28 distinct mutant alleles [Tanoue et al., 1990, 1991; 
Ledoux et al., 1994, 1996; Kikuchi et al., 2000; Forlino et 
al., 2002; Lupi et al., 2004, 2006, 2008; Hershkovitz et al., 
2006; Wang et al., 2006; Falik-Zaccai et al., 2010; Klar et 
al., 2010; Butbul Aviel et al., 2012; Caselli et al., 2012; Pan-
dit et al., 2013; Besio et al., 2015]. The  PEPD  gene is over 
130 kb long and is comprised of 15 exons. Of the 28 mu-
tations, there are 14 point mutations; 5 splice site muta-
tions; 6 small deletions causing either a missing amino 
acid, a premature stop codon, or involving an intron; 1 
larger deletion of 774 bp causing complete elimination of 

exon 14; 1 small duplication leading to a truncated en-
zyme, and one 3-bp insertion resulting in distortion of the 
enzyme ( table 1 ). The current gene deletion is the largest 
yet reported. Additionally, all prior mutations were iden-
tified by enzyme or DNA assays, making this the first de-
letion identified by aCGH. The Databases of Decipher 
and International Standards for Cytogenomic Arrays 
have no patients with pure complete or intragenic  PEPD  
deletions. All documented patients within 19q13.11 re-
gion have several genes including  PEPD , and the Data-
base of Genome Variants shows no variants.

  Prolidase is a dipeptidase necessary for the final step of 
collagen degradation. It splits imidodipeptides with C-
terminal proline or hydroxyproline, making proline 
available for reutilization in collagen synthesis [Myara et 
al., 1984; Klar et al., 2010]. In PD, this enzyme has de-
creased or complete loss of activity, giving rise to imi-
dodipeptiduria and a variety of clinical manifestations. In 
our patient, the urine amino acids showed ‘interfering 
peaks’ which are consistent with prolidase peptide defi-
ciency. The urine organic acids were able to identify imi-
dodipeptides.

  PD exhibits significant inter- and intrafamilial phe-
notypic variability [Falik-Zaccai et al., 2010]. Among 
patients with molecular characterization, skin abnor-
malities are the most common feature, present in 79% of 
patients, including ulcerations, telangiectasias, photo-
sensitivity, dry skin, pseudo-psoriasis, or nonspecific 
dermatitis. Other features include dysmorphism (71%), 
intellectual disability or developmental delay (69%), fre-
quent or serious infections (53%), splenomegaly (41%), 
bony abnormalities (19%), systemic lupus erythemato-

A B C

  Fig. 2.   A  Interphase cell of the sister showing 1 normal and 1 diminished signal (arrows) of the RP11-110H11 
probe (SpectrumOrange TM ) in the presence of 2 normal signals of the centromere of chromosome 20 (Spec-
trumGreen TM ) used as an internal control.  B  Interphase cell of the patient showing 2 diminished signals of the 
probe.  C  Partial metaphase cell of the sister showing 1 diminished and 1 normal signal of the SpectrumOrange 
probe. 
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sus (SLE; 14%), failure to thrive (16%), microcephaly 
(12%), hepatomegaly (9%), and asthma (7%), as out-
lined in  table 1 . Interestingly, our patient did not have a 
history of frequent infections or skin ulcerations despite 
the large deletion. Additionally, our patient has a unique 
finding, supragluteal lipodystrophy, which has not been 
previously reported in PD. For this reason, the carbohy-
drate-deficient transferrin studies were tested and found 
negative, ruling out congenital disorders of glycosyl-
ation.

  Notably, SLE has been linked to PD [Bissonnette et al., 
1993; Shrinath et al., 1997; Di Rocco et al., 2007] and is 
associated with multiple mutations [Lupi et al., 2006, 
2008; Falik-Zaccai et al., 2010; Klar et al., 2010; Butbul 
Aviel et al., 2012]. The mechanistic relationship between 
these entities is not clear, but a loss of immune tolerance 
to lupus-associated autoantigens in PD has been hypoth-
esized, leading to positive antinuclear antibodies and oth-
er autoantibody testing even in patients without clinical 
SLE [Kurien et al., 2013].

  Cystic fibrosis confirmed by sweat chloride testing has 
also been found in patients with PD, though mutation 
and haplotype analysis did not show changes in the  CFTR  
gene [Luder et al., 2007]. Multiple other PD patients with 
clinical cystic fibrosis have had normal sweat chloride 
testing [Mandel et al., 2000]. Despite nullisomic complete 
deletion in our patient, SLE or cystic fibrosis features were 
not observed. This suggests that the presence of a mu-
tated protein may cause more systemic symptoms when 
compared to an absent protein. However, more patients 
with a similar size deletion would be needed to confirm 
this. It is also possible that SLE or chronic lung disease 
have not yet developed in our patient, as other cases ap-
pear to present in adolescence and adulthood.

  The diagnosis in our patient was made incidentally at 
the age of 4 years via aCGH that was ordered due to dys-
morphic features, microcephaly and developmental de-
lay. If a mutation had not been detected, the diagnosis 
may not have been made, given his lack of several classi-
cally described symptoms. However, our patient does 
have the 3 most common features found in molecularly 
characterized patients: dysmorphism, developmental de-
lay and abnormal skin findings. Therefore, we suggest 
that PD should be part of the differential diagnosis for any 
patient with characteristic facial dysmorphism, abnormal 
skin findings of any kind, and intellectual disability or 
developmental delay as they are each present in over 50% 
of patients.

  Our patient’s sister, found to be heterozygous for the 
same deletion, is asymptomatic. The patient’s parents are 

obligate carriers and are also asymptomatic. Thus, there 
is no evidence of haploinsufficiency of the gene, consis-
tent with previous reports of families with multiple carri-
ers [Falik-Zaccai et al., 2010].

  The ethnic origin for previously reported patients with 
PD is in European countries, Canada, the US, and Middle 
Eastern and several Asian countries ( table  1 ). To our 
knowledge, there have been no reported cases in patients 
of Mexican descent, making our patient the first.

  In conclusion, we report a novel large deletion of the 
 PEPD  gene, discovered by aCGH in a Mexican-Ameri-
can family. Although PD is a rare disorder, it is likely 
underdiagnosed, particularly in patients with a mild 
phenotype. The marked variability in clinical presenta-
tion also creates diagnostic difficulty, and the prognosis 
is unpredictable. For this reason, genetic counseling, 
even to members of the same family, is problematic 
[Mandel et al., 2000]. No specific therapies can be rec-
ommended for PD. Greater awareness and improved 
understanding of the pathophysiology of the disease will 
improve the recognition and treatment of this multisys-
tem disorder.
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