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Abstract The reported prevalence of lysosomal storage

disorder (LSD) is 1:5,000–7,000 live births and with the

limited availability of therapeutic option; prenatal diagnosis

(PD) remains the only preventable cure for storage disorders.

One hundred forty pregnancies having confirmed diagnosis

of LSDs in index case were selected for enzymes study

during PD from uncultured and/or cultured chorionic villus

(CV/CCV) and cultured amniotic fluid (CAF) cells. In seven

pregnancies, molecular analysis was additionally carried out

where mutation was known in an index case. Of 140 preg-

nancies, 60 (42.9 %) were diagnosed as affected, 13 (9.3 %)

had an intermediate enzyme activity and 67 (47.8 %) had

normal enzyme activity. Results were confirmed in 83 cases

whereas 57 cases were lost from the follow-up. In one case,

enzyme b-galactose-6 sulphate sulphatase specific for

Morquio-A disorder [mucopolysaccharidosis-IVA

(MPS-IVA)] had shown 30 % reduced activity in CV cells

and the case was diagnosed as carrier for MPS-IVA while it

delivered an affected child. Further molecular analysis in

seven cases that included six with Tay-Sachs and one with

Gaucher disease, confirmed the results obtained by enzy-

matic study during PD. PD of LSDs can be carried out by

enzymes study from CV/CCV and CAF with an accuracy of

molecular method. However, in cases of MPS and muco-

lipidosis, Amniotic fluid (AF) is preferred over CV/CCV. In

addition, special care is needed while interpreting enzyme

results encompassing carrier status and they need to be fur-

ther evaluated by molecular studies.

Keywords Lysosomal storage disorders � Prenatal

diagnosis � Enzyme assays � Chorionic villus sampling �
Amniotic fluid studies

Introduction

Prenatal diagnosis (PD) is one of the important approaches

for the prevention of lysosomal storage disorders (LSDs)

where treatment options are either beyond the financial

reach of the family or are not available. Various methods

have been employed in the PD of LSDs that include

morphological study of uncultured chorionic villus (CV)

cells for vacuoles [1], enzyme study from CV cells, cul-

tured chorionic villus (CCV) and/or cultured amniotic fluid

(CAF) cells [2], electrophoresis of AF for excretion pattern

of various mucopolysaccharides (MPSs) [3], electroscopic

ionization tandem mass spectrometry [4] and mutation

analysis using DNA from CV and AF [5].

Molecular studies provide precise PD of the LSDs.

However, mutation detection in an affected child is the
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prerequisite [6], which is not available in most of the cases

with storage disorders in developing countries due to the

cost and absence of common mutation screening. Hence,

lysosomal enzyme studies are important for PD by most of

the centers where the diagnosis in the index case has been

confirmed [1, 2, 7]. Very few reports are available from

India where LSDs were detected during PD using lyso-

somal enzymes [8–10]. Nonetheless, considering the

reported prevalence of the disease [11], the significant

burden of various LSDs reported by Sheth et al. [12] from

India and its limited therapeutic options, PD remains the

only preventable measure for LSDs. The present study was

carried out to evaluate the sensitivity and specificity of

lysosomal enzyme assays for the PD of LSDs from

CV/CCV and CAF cells.

Materials and Methods

A prospective study of 140 pregnancies from 2006 to 2013

was carried out from CV/CCV and/or CAF cells for the PD

of LSDs by lysosomal enzyme where the diagnosis in the

index case was confirmed. A written informed consent was

obtained from the patients as per the Prenatal Diagnosis

Act and counseling was provided to each family.

Prenatal sampling was done depending upon the stage of

pregnancy, fetal position and maternal health. CV sampling

and/or amniocentesis was carried out between 10–13 and

15–18 weeks of gestation, respectively as per the standard

procedure. Enzyme analysis was carried out from CV cells

in 16 cases, CV and CCV both in 19 cases, CCV alone in

19 whereas CAF cells were analyzed in 86 cases by the

method described below. All prenatal diagnostic samples

were simultaneously processed with sample matched

positive and negative controls for the required enzymes.

The CV samples were collected in a sterile collection

vial containing a medium to minimum quantity of

10–15 mg. After checking for maternal cell contamination,

they were thoroughly washed with sterile phosphate buf-

fered saline (PBS) followed by distilled water. CV samples

were homogenized on ice. After repeated freezing and

thawing, supernatant was used for direct enzyme study

with protein concentration between 2 and 10 mg/mL [1].

After thorough examination and washing with PBS, CV

samples were chopped and cultured in growth medium

under 5 % CO2 as per standard protocol [1, 2]. Once cell

confluence was obtained, which usually takes 2 weeks

time, they were harvested carefully and protein activity

was determined. Final concentration of protein was kept

2–10 mg/mL and it was used for enzyme study.

About 15–20 mL of fluid was collected without mater-

nal blood contamination. Following centrifugation, cells

were cultured in two different growth mediums. After cell

confluence was attained, the grown fibroblasts were pro-

cessed for different lysosomal enzyme study after protein

estimation [1, 2].

Enzyme activity was carried out using the synthetic

substrate 4-methylumbelliferrone-fluorogenic substrate and

p-nitrocatechol sulfate-spectrophotometric substrate [13].

As shown in Table 1, the present study included 140

patients for various LSDs depending upon the diagnosis in

affected sibs. The enzyme activity was expressed as

nmol/h/mg of protein except nmol/4 h/mg of protein for

a-iduronate sulfatase and nmol/17 h/mg of protein for

b-galactose-6-sulphate-sulfatase, heparan sulphamidase

and b-galactocerebrosidase.

Genomic DNA was isolated from CV/CCV and CAF

cells using salting out method [14]. Molecular analysis was

carried out in seven pregnancies that included six with Tay-

Sachs disease (HEXA gene) and one with Gaucher disease

(GBA gene) [15–17] where mutation in index case was

known.

Results

Table 2 demonstrates the normal range of lysosomal

enzymes expressed in various prenatal tissues where nor-

mal child was delivered and a follow-up study was carried

out till 1 year of age confirming the normal status. Test

results were compared using them as a reference range.

The preponderance of the diagnosis in the index case

was observed for glycolipid or sphingolipid degradation

(46 %) followed by glycosaminoglycans (GAGs) degra-

dation (mucopolysaccharidoses 27.6 %), sulfatide degra-

dation (13.5 %), glycogen degradation (Pompe disease

5.6 %), protein degradation (NCL-II 1.4 %), and defect in

lysosomal trafficking proteins [mucolipidosis-II/III (ML-II/

III) 5 %]. Of 140 prenatal cases studied, 60 (42.8 %)

pregnancies were found to be affected with various LSDs

with enzyme activity of 0–10 %. Thirteen (9.2 %) preg-

nancies have shown the carrier status with approximate

intermediate enzyme activity expression of (*50 % of

mean), while 67 (47.8 %) pregnancies have shown normal

enzyme activity in Table 2.

From the affected fetuses, 5 (3.5 %) were affected with

Niemann–Pick disease-A/B (NPD-A/B), 6 (4.3 %) with

GM1 gangliosidosis, 3 (2.1 %) with Tay-Sachs disease, 2

(1.4 %) with Sandhoff disease, 1 (0.7 %) with Gaucher

disease, 11 (7.8 %) with Hurler disease (MPS-I), 3 (2.1 %)

with Hunter disease (MPS-II), 1 (0.7 %) with Sanfilippo

type-A (MPS-IIIA), 2 (1.4 %) with Sanfilippo type-B

(MPS-IIIB), 4 (2.8 %) with Morquio-A (MPS-IVA), 2

(1.4 %) with Maroteaux–Lamy syndrome (MPS-VI), 2

(1.4 %) with metachromatic leucodystrophy (MLD), 7

(5.0 %) with Krabbe disease, 5 (3.5 %) with Pompe
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disease, 2 (1.4 %) with Batten disease (NCL-II) and 4

(2.8 %) with ML-II/III. Intermediate enzyme activity

(*50 % of mean) was detected in 13 (9.2 %) pregnancies

that includes 4 (2.8 %) fetuses with Sandhoff disease, 2

(1.4 %) with Tay-Sachs disease, 2 (1.4 %) with ML-II/III,

each 1 (0.7 % for each) with Gaucher, MLD, NPD-A/B

and Pompe disease. Except one case of MPS-IVA which

was found to be a carrier (*30 % enzyme activity) during

PD and was found to be affected postnatally.

Molecular analysis was carried out in seven pregnancies

followed by enzyme study with known mutation in the

index case. This was carried out for Tay-Sachs disease in

six pregnancies, of which two were affected. Homozygous

mutation for 4 bp insertion at c.1277_1278insTATC

(p.Y427IfsX5) and c.320G[A (p.E114K) one each was

detected in enzymatically confirmed affected fetus same as

seen in the index case. Enzymatically proven carrier sub-

ject (n = 1) showed only one copy of mutation c.964G[A

(p.D322N). In remaining three case subjects, absence of

mutation [c.964G[A (p.D322N), c.964G[A (p.D322N)/

c.1277_1278insTATC (p.Y427IfsX5) and c.1454G[A

(p.W485X)] in HEXA gene further supports the enzymatic

results (Fig. 1). Mutation analysis of Gaucher disease

carried out in a case during PD showed carrier status for

c.1448T[C (p.L444P or p.L483P) mutation in GBA gene

same as carrier (Fig. 2).

Discussion

The present study demonstrates the utility of fetal tissue in

the PD of various lysosomal disorders. Various combina-

tions such as CV, CCV and CAF were used in the study.

Total 140 cases were investigated and 60 (42.9 %) were

found to be affected, 13 (9.2 %) were carrier and 67

(47.8 %) were normal. In 19 cases, CCV were processed in

addition to CV and comparable results were observed for

affected, carrier and normal in all the case subjects except

one. This further confirms the previous report about fetal

tissue that can be utilized for the diagnosis of various LSDs

using lysosomal enzyme during PD. [1, 2, 18].

None of the cases has shown any difference in enzyme

activity in CV or CCV cells in any of the 19 subjects which

further suggests that direct CV cells can be used reliably for

the rapid PD of LSDs. However low activity of a-iduroni-

dase has been reported in uncultured CV cells as compared

to CCV cells [19] and doubts have been expressed for the

reliability of using only uncultured CV cells for Hurler

disease. Although Young [20] has observed CV cells to be

highly reliable in 24 pregnancies affected by Hurler disease,

caution must be taken in cases where high residual activity

is detected in CV. This needs further confirmation either by

CCV cells or CAF cells as detected in one of our case.

Initially CV and CCV both were processed for MPS-IVA

Table 2 Normal values of lysosomal enzymes in various biological tissues

Deficient enzymes (units) Normal ranges

Uncultured CV

(CV)a
Cultured CV

(CCV)a
Cultured amniotic

fluid cells (CAF)a

Sphingomyelinase (nmol/h/mg protein) 7.95–13.61 (8) 13.3–18.8 (4) 17.0–69.4 (8)

Hexosaminidase-A (nmol/h/mg protein) 298–929.0 (10) 271–1,621 (8) 271–2,213.2 (9)

Hexosaminidase-T (nmol/h/mg protein) 1,000–1,728 (13) 4,507–15,473.2 (15) 4,487.0–16,286.2 (25)

b-Galactosidase (nmol/h/mg protein) 131.28–501.0 (6) 150–644 (25) 296–1,195 (30)

b-Glucosidase (nmol/h/mg protein) 90–198 (9) 115–409 (18) 118–584.8 (30)

a-Iduronidase (nmol/h/mg protein) 12.0–32.5 (11) 19.27–93.4 (10) 85.5–156.3 (14)

a-Iduronidase-sulfatase (nmol/4 h/mg protein) 28.1–48.0 (3.0) 218.7–372.0 (4) 63.1–261.1 (17)

Heparan sulphamidase (nmol/17 h/mg protein) 2.5–8.0 (3) 10.2–25.3 (3) ND

N-Ac-a-glucosaminidase (nmol/h/mg protein) ND ND 21–73.3 (6)

b-Galactose-6-sulphate sulphatase (nmol/17 h/mg protein) 19.4–22.5 (3) 20.8–38.9 (3) 16.8–25.1 (5)

Arylsulfatase-B (nmol/h/mg protein) 1.3–3.8 (3) 2.6–4.75 (4) 3.5–8.1 (6)

b-Glucuronidase (nmol/h/mg protein) 91.04–135.13 (8) 26.5–149.6 (11) 50.07–197.1 (13)

Arylsulfatase-A (nmol/h/mg protein) 1.08–6.0 (4) 3.5–8.0 (5) 3.0–6.0 (9)

b-Galactocerebrosidase (nmol/17 h/mg protein) 20.8–56.8 (4) 21.9–99.5 (4) 20.1–74.93 (10)

a-1,4-Glucosidase (nmol/h/mg protein) 92.2–116.9 (3) 30.0–90.8 (8) 28.6–75.0 (10)

Tripeptidyl peptidase-1 (nmol/h/mg protein) ND 59.1–78.8 (3) 27.3–306 (10)

Number of cases investigated under each category is shown in parenthesis
a Number of cases studied from CCV includes CV cells while those with CAF have not been studied from CV or CCV
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where 30 % enzyme activity was detected and was con-

sidered as carrier but on follow-up after delivery, it was

found to be affected. This indicates that in MPS cases,

where residual activity of enzyme in CV cells is high, AF

study by GAG excretion pattern in combination with CAF

cells could be the preferred choice as suggested by Lake

et al. [1]. They could make PD based on AF–GAG analysis

followed by enzyme study from CAF cells. Moreover,

Zhang et al. [21] also could make the prenatal confirmative

diagnosis of MPS-III (Sanfilippo A/B) based on AF–GAG

study.

Intermediate activity of hexosaminidase-A (Hex-A) with

normal total-hexosaminidase (Hex-T) activity was detected

in two pregnancies suggesting carrier status for Tay-Sachs

disease (GM2 gangliosidosis). Due to overlapping activity of

Hex-A in B1 variant of GM2 gangliosidosis, the authors used

synthetic substrate (4-methylumbelliferyl b-N-acetyl glu-

cosamine-6-sulphate) instead of heat inactivation, where

Hex-A remains low in B1 variant [1]. This could perhaps

minimize the isoenzyme interference in GM2 gangliosidosis

which is commonly observed in these cases and those with

MLD and Maroteaux–Lamy syndrome (MPS-VI) [22].

Multiple enzyme deficiency is the gold standard for the

diagnosis of ML-II/III. AF supernatant can be used as an

initial screening test to measure enzyme activity which gets

elevated in an affected pregnancy with ML-II/III disease

[23]. None of the cases was studied for direct enzyme study

from AF. In the present study, out of seven cases suspected

with ML-II/III, four were confirmed to have low activity of

multiple enzymes in CAF especially b-glucuronidase,

b-Hex-T and b-galactosidase while in remaining three

cases two were shown intermediate enzymes activities and

one was normal which was confirmed postnatally. How-

ever Besley et al., carried out AF-supernatant study from a

fetus affected with I-cell diseases (ML-II) for arylsulfatase-

A, b-Hex-T and b-glucuronidase, but in another pregnancy

from a different family the AF enzyme activities were not

raised, though the activities in CAF cells were much less

consistent with that of an affected fetus and conclude that

AF supernatant after 14.5 weeks gestation would show

abnormally high enzyme activities in an affected I-cell

pregnancy. Though, normal AF supernatant results should

always be confirmed by studying CAF in pregnancies

suspected for ML-II/III [23].

In the present study molecular analysis was carried out

in seven cases which include six Tay-Sachs and one

Gaucher disease with known mutation and all were in

concordance with the enzymes study. It can be affirmed

that enzymes study from prenatal fetal tissue is as specific

and sensitive as molecular study. Nonetheless mutation

detection in the index case is the prerequisite for this.

Although, enzyme based PD for some of the lysosomal

disorders often pose a problem of pseudo-deficiencies of

few of the lysosomal enzymes [24]. In such cases, mutation

analysis as well as enzyme activity is necessary in the

parents and the index case before offering PD. The failure

to study the presence of a pseudo-deficiency allele in a

Fig. 1 a–c Chromatogram of HEXA gene mutations.

a c.1277_1278insTATC (p.Y47IfsX5, homozygous), b c.320G[A

(p.E114K, homozygous), and c c.964G[A (p.D322N, heterozygous)

Fig. 2 Chromatogram of c.1448 (p.L444P) mutation in GBA gene

(heterozygous)
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family could lead to an incorrect PD, which is a major

limitation of the study. Another confirmative approach is to

use biochemical analysis and morphology of CV tissue,

which has been successfully used at Great Ormond Street

Hospital for Children in approximately 1,000 pregnancies

at risk for LSDs [25].

Selection of the biological material to be used for PD is

always a dilemma for clinician due to fetal safety and

variable enzymatic activity in different tissues. In most of

the studies done so far for PD of LSDs, enzyme activities

were measured either from CV, CCV cells, or CAF cells.

CV is the most preferred one owing to benefit of per-

forming direct biochemical analysis with rapid results as

compared to cultured amniotic cells that can take days to

weeks to provide enough material for biochemical testing.

Nevertheless, experience also suggests that the use of CV

(uncultured and/or cultured) provides an early result with a

safety to the mother’s decision while deciding for the ter-

mination, in case of an affected pregnancy. The CAF cells

can be offered where probability of obtaining material in

early pregnancy is less and in cases where CV cells fail to

grow in vitro or enzyme activities are poorly expressed

where heterozygous and affected status of the fetus is not

clear. However, AF is preferred over CV study in preg-

nancies requiring PD for various MPS disorders and I-cell

disease as direct AF study for various enzymes and

excretion pattern of chondroitin sulfate, heparan sulfate and

dermatan sulfate can be performed as a prenatal screening

test. Based on this, confirmative study can be carried out

from the cultured cells by carrying out selective lysosomal

enzyme investigation.

To conclude, PD of LSDs can be carried out by enzymes

study from CV/CCV and CAF with an accuracy of

molecular method. However, in cases of MPS and ML-II/

III, AF is preferred over CV/CCV. In addition, special care

is needed while interpreting enzyme results encompassing

carrier status and need to be further evaluated by molecular

study.
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