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Purpose: Late-infantile neuronal ceroid lipofuscinosis (LINCL), an autosomal recessively inherited I Y S O S O ~ ~ ~  

storage disorder characterized by autofluorescent inclusions and rapid progression of neurodegeneration, is due 

to CLN2 gene mutations. However, CLN2 mutation analysis has failed to identify some clinically diagnosed 

"late-infantile" NCL cases. This study was conducted to further characterize genetic heterogeneity in families 

affected by LINCL. Methods: DNA mutations in the CLN1, CLN2, and CLN3genes that underlie INCL (infantile NCL). 

LINCL, and JNCL (juvenile NCL), respectively, were studied with molecular analyses. Results: A total of 252 families 

affected by childhood NCL were studied. Of 109 families clinically diagnosed a s  having LINCL, 3 were determined 

to have either INCL or JNCL by identification of mutation(s) in CLNl or CLN3. Six families diagnosed initially a s  

having JNCL were found to have LINCL based on the finding of mutations in the CLN2 gene. In addition, several 

novel mutations were identified. Conclusions: Clinical and genetic heterogeneity of LINCL was demonstrated in 
nine LINCL families studied. Genetics in Medicine, 2000:2(6):312-318. 
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The neuronal ceroid lipofuscinoses (NCLs), commonly re- 
ferred to as Batten disease, are a group of neurodegenerative 
disorders in humans and animals. The NCLs comprise eight 
forms classified initially by clinical symptoms and age at onset 
but now recognized as being due to mutations in genes CLNI-8.' 
In addition to an adult-onset form (ANCL, or Kufs disease, 
OMIM: 204300), the childhood-onset forms include three 
classical forms, i.e., infantile (INCL, OMIM: 256730), late-in- 
fantile (LINCL, OMIM: 204500), and juvenile (JNCL, OMIM: 
204200); and four variants, the "Finnish" variant LINCL 
(fLINCL, OMIM: 25673 1 ), "Portugal" LINCL (pLINCL, 
OMIM: 601780), "Turkish" LINCL (tLINCL, OMIM: pend- 
ing), and progressive epilepsy with mental retardation (EPMR, 
also called northern epilepsy, OMIM: 600143). The incidence 
of the NCLs is estimated at approximately 1 to 5 in 100,000 
births in the general population2 and as high as 1 in 12,500 to 1 
in 20,000 as a result of founder effects in genetically isolated 
populations such as the F i n n i ~ h , ~  which gives a figure of 1 to 8 
per 100,000 globally. In the United States, 440,000 families 
have been reported as affected by the NCLs,j a figure which 
appears to be an overestimate. Currently, we estimate that ap- 

proximately 25,000 families in the United States are affected by 
NCLs. Regardless of the true prevalence, the NCLs are regarded 
as the most common group of pediatric neurodegenerative 
disorders. 

Clinically, NCLs are characterized by rapid deterioration of 
vision, seizures, progressive development of mental retarda- 
tion, movement disorders, and behavioral changes.' Brain at- 
rophy, as documented by magnetic resonance imaging (MRI) 
and computed tomography (CT), is most pronounced in the 
supratentorium and b r a i n ~ t e m . ~  Cerebellar atrophy which re- 
sults in enlargement of the 4'h ventricle, without concomitant 
cerebral atrophy, may be an early sign of NCL, and such ab- 
normalities are detectable even before clinical symptoms are 
apparent.'-' 

Pathologic studies ofall forms ofNCLs have revealed unique 
electron microscopic profiles of lysosomal lipopigmental stor- 
age materials, the l ipof~scins , '~  which include fingerprint (FP), 
granular osmiophilic deposits (GRODs), curvilinear (CV), 
and rectilinear (RL) inclusions. In typical NCL cases, GRODs 
are present in INCL, CV in LINCL, and FP in JNCL. However, 
the ~rofi les can vary, and "mixed" profiles can occur in atypical 
 case^.^^.^^ 

Biochemical abnormalities involving lysosomal hydrolases 
have been shown in the NCLs.13 Mitochondria1 ATPase sub- 
unit C is the predominant storage material in all NCLs except 
INCL. In INCL, the accumulated material is composed of sa- 
posins (SAPS) A and D, which also are observed to accumulate 
in fLINCL and PEMR (Table 11."-l6 The NCL group of neu- 
rodegenerative disorders is now considered to be a new class of 
lysosomal storage diseases caused by genetic deficiency of ly- 
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Table 1 
Classification of the neuroceroid lipofucinoses 

Gene 
NCL designated Ultrastructural finding by EM Material stored 

Infantile (INCL) 

Late-infantile (LINCL) 

CLNl GROD 

CLN2 CV, Mixed 

SAPs (A and D )  

Subunit C of ATPase 

luvenile (JNCL) 

Adult (ANCL) 

Finnish (fLINCL) 

Portugal (pLINCL) 

Turkish (tLINCL) 

CLN3 FP. Mixed 

CLN4 Mixed 

CLN5 FP, CV, RL 

CLN6 CV, FP, RL 

CLN7 FP, Mixed 

Subunit C of ATPase 

Subunit C of ATPase 

Subunit C of ATPase SAPs (A and D) 

Subunit C of ATPase 

Subunit C of ATPase 

Progressive epilepsy with mental retardation (EPMR) CLN8 CV- or GROD-like inclusion Subunit C of ATPase SAPS (A and D) 

EM, electron microscopy; GROD, osmiophilic deposits; CV, curvilinear; FP. fingerprint; RL, rectilinear; SAPs, saposins; ATPase, mitochondrial ATP synthase; NCL, 
neuroceroid lipofucinosis. 

sosomal proteases as well as dysfunction of structural pro- MATERIALS AND METHODS 
teins.l.I7 No treatment is available at present, and the outcome 
of these diseases is usually fatal a few years after the onset of 
clinical symptoms. 

Classical LINCL is characterized by the onset of seizures and 
progressive dementia between 2 and 4 years of age. Ataxia and 
myoclonus are constant features. Visual failure usually appears 
after the onset of neurological symptoms. Macular and retinal 
degeneration plus optic atrophy causes blindness by 5 or 6 
years. Death usually occurs between 6 and 15 years. The char- 
acteristic ultrastructural finding in LINCL is "pure CV pro- 
files," which do not contain the GRODs or FP components 
seen in INCL and JNCL. The mature form of subunit C of the 
mitochondrial ATP synthase, is the main component of the 
storage lipofuscins.15 The highly hydrophobic nature of this 
proteilipId explains the insolubility of the storage material. 

LINCL is encoded by the gene CLN2, which maps18 to chro- 
mosome l lp15 and consists of 13 exons spanning 6.65 kb of 
genomic DNA.19 This gene encodes a 46-kD protein, the lyso- 
soma1 pepstatin-insensitive lysosomal peptidase (LPIP) or 
tripeptidyl peptidase 1 (TPP1 ), which cleaves tripeptides from 
amino termini of peptides that bear free a-amino 
Mutations in CLN2 abolish TPPl enzymatic activity in LINCL 
patients. A total of 31 mutations have been identified. The 
mutations are distributed relatively evenly across the 13 exons, 
although there are no mutations in the first two exons. We 
reported that certain missense mutations in CLN2 resulted in 
atypical juvenile onset.2' Two of these missense mutations, 636 
C +T (R280X) and T523- 1 G + C (IVS 5- 1 ), were found to be 
common.22 DNA-based genetic testing for these mutations de- 
tects approximately 70% of LINCL families.23 Some, but not all 
of the remaining 30% consist of cases of classical LINCL result- 
ing from TPPl deficiency caused by uncommon mutations. 
Our previous studies showed that the R447H mutation in 
CLN2, along with one of the common mutations described 
above, causes atypical juvenile onset ofNCL.'" In this study, we 
analyzed 252 NCL families, including 34 clinically diagnosed 
affected with INCL, 109 with LINCL, and 98 with JNCL for 
clinical and genetic heterogeneity. 

NCL families 

Clinically diagnosed NCL families were either obtained from 
the George Jervis Clinic at our Institute or referred by the Batten 
Disease Support and Research Association (BDSRA) or by clini- 
cians nationally and internationally. Clinical information, includ- 
ing genetic e h c  background, age at onset, neurological assess- 
ment for vision loss/blindness, learning and speaking disabilities, 
walking difficulties/inability to walk, behavioral problems and de- 
mentia, and seizures/convulsions, as well as ultrastructural studies 
with electronic microscopic examinations, was collected. Genetic 
studies were performed only for participants from whom in- 
formed consent was obtained, and clinical diagnostic results were 
shared with participants. 

DNA samples 

Genomic DNA was extracted by using a Puregene kit (Gen- 
tra, NC), either directly from peripheral whole blood or from 
banked lymphocytes and/or fibroblasts, derived from affected 
NCL probands and family members or normal controls. 

Molecular analyses 

Polymerase chain reaction (PCR) -based molecular analyses 
for five common mutations in genes CLNl, CLN2, and CLN3 
were conducted with protocols previously published."-24 
"Gene-scan" procedures to search for uncommon mutations 
in the entire CLN2 gene were performed as described elsewhere.25 
Briefly, four genomic fragments that include the entire CLN2 cod- 
ing sequence, all exon-intron junctions, some intron sequences, 
and a 500-bp promoter regiont9 were PCR-amplified. Fragment 1 
(1.3-kb) contains the 500-bp promoter region and exons 1-3; 
fragment 2 (0.9-kb) contains exons4-6; fragment 3 (0.9-kb) con- 
tains exons 7-9; and fragment 4 (1.2-kb) contains exons 10-13. 
The PCR product was gel purified and sequenced from both 
directiom26 
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RESULTS 
LlNCL is the second most common NCL globally 

Among 1,960 families worldwide affected by NCLs and reg- 
istered with BDSRA, LINCL accounts for 25.9%, second to 
JNCL with 46.4% (Table 2). The frequency of classical child- 
hood onset INCL, LINCL, and JNCL, together account for 
89% (1,745 of 1,960) ofthe NCL cases. In the United States, the 
frequency of LINCL is close to the global distribution due to 
the American population being more heterogeneous than ge- 

netically homogeneous populations such as the Finnish, in 
which INCL is the second-most common NCL and accounts 
for almost 40% (159 of 398) of cases. 

Molecular analyses of 252 clinically referred cases of childhood NCL 

Two hundred fifty-two families, diagnosed clinically as af- 
fected by childhood-onset NCLs, were referred to our labora- 
tory in the past 2 years. One hundred thirty-six cases were from 
47 institutions nationwide, and 86 cases were from 11 institu- 

Table 2 
Global distribution of neuroceroid lipofucinoses 

Country INCL LINCL JNCL ANCL CINCL pLINCL tLINCL EPMR 

Argentina 1 

Australia 2 3 6 

Belgium 

Brazil 

Canada 

China 

Costa Rica 

Czech Rep 

Denmark 

Finland 

France 

Germany 

Greece 

Iceland 

Italy 

Japan 

Jordan 

Netherlands 

New Zealand 

Poland 

Portugal 

Qatar 

South Africa 

Saudi Arabia 

Spaln 

Sweden 

Turkey 

UK 

USA 

Venezuela 

Total 327 508 910 29 75 81 7 23 

Frequency (%) 16.7 25.9 46.4 1.5 3.8 4.1 0.4 1.2 
INCL, infantile NCL; LINCL, late-infantile NCL; JNCL, juvenile NCL; adult NCL; fLINCL, Finnish LINCL; pLINC, Portugal LINCL; ~LINCL, 
LINCL; EPMP, progressive epilepsy with mental retardation; NCL, neuroceroid lipofucinosis. 
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tions in eight countries internationally. Among these cases, 
43.3% (109 of 252) were diagnosed as having LINCL. Molec- 
ular analyses of the clinically referred LINCL cases, revealed 
that testing for the two common mutations detected only 
about 60% (65 of 109) of LINCL cases, lower than the expected 
figure of 70% we described earlier in LINCL cases diagnosed by 
electron microscopy. Among 30% (33 of 109) of cases in which 
one allele has been found to carry one of the common muta- 
tions, seven novel mutations, including a nonsense mutation 
(W460X), four missense mutations (R127Q, G284 V, G473R, 
and A555P), an intron-exon junction mutation (IVS4-2A 
&U279D; G), and a single base "T" insertion that results in 
L120S in exon 4 and frame shifted thereafter (Table 3) were 
identified in addition to uncommon mutations described else- 
where.27 Thirty-three percent (36 of 109) of clinically diag- 
nosed cases of LINCL could not be identified as mutations 
involving the CLNl-3 genes (Table 4). This result indicates 
that either this group of LINCL cases is not NCL, or they are the 
result of mutations in the CLN5-8 genes encoding variant 
forms of LINCL, or they result from other unidentified genetic 
factors. 

Documentation of clinic and genetic heterogeneity in LlNCL 

Three cases (LINCL1-3), clinically diagnosed as having 
"late-infantile" NCL on the basis of age at onset, were affected 
by either INCL or JNCL, with mutations found in CLNl or 
CLN3 genes. Six families (JNCL1-6) that had been diagnosed 
initially with "juvenile" NCL were found to have LINCL with 
mutations in the CLN2 gene (Table 5). Clinically, all the JN- 
CLsl-6 presented with a juvenile onset by the age of 5 to 6 
years and showed no indications for classical LINCL, either by 
the initial symptoms or by ultrastructural profiles. The pro- 
band JNCL1 presented with slow learning as the initial symp- 
tom having EM findings with predominantly a CV profile, 
along with some FP and GRODs. There were no vision prob- 
lems at any time, but seizures and motor dysfunction have 
been progressive over 5 years. Three cases (JNCL2-4) were 
initially diagnosed as JNCL on the basis of vision problems. 
However, EM results showed a mixed profile of FP, CV, and/or 
GRODs, findings which usually result in diagnostic difficulties. 

Progression in these cases was slow and life spans for JNCL3-4 
are longer than typical for both JNCL3 and JNCL4, which may 
survive for more than 15 to 20 years after the initial onset of 
clinical symptoms. Molecular genetic analyses of the CLN3 
gene showed no mutation(s) that could be detected. However, 
they were determined to carry either one or both common 
mutation(s) of the CLN2 gene. In addition, a mutation in the 
CLNl gene was found in a "juvenile" NCL family (JNCL7, not 
shown in Table 5). These data indicated the presence ofgenetic 
heterogeneity in that similar symptoms, such as the clinical 
onset of late-infantile, may result from mutation(s) in either 
genes CLNl or CLN3 in addition to CLN2. This demonstrated 
the presence of clinical heterogeneity in LINCL, since various 
mutation(s) in CLN2 may lead to different clinical features, 
such as onset in infantile or juvenile age ranges, in addition to 
the classical late-infantile age. 

DISCUSSION 

Our studies provide evidence for genetic heterogeneity un- 
derlying LINCL. Three cases diagnosed initially on the basis of 
clinical features, including the age-at-onset being of the late- 
infantile range (cases LINCL-2 and LINCL-3), or the initial 
symptoms including seizures (LINCL-3), or the CV pathologic 
profile (LINCL-I), showed no detectable mutations in the 
CLN2 gene. However, mutations were found in genes CLNl 
and CLN3. Likewise, six cases with juvenile onset and ultra- 
structural findings of the FP profile were shown to have muta- 
tions in gene CLN2. Although these nine cases account for 
3.6% of 252 families studied with childhood onset, they ac- 
count for 2.8% (3  of 109) of clinically diagnosed LINCL and 
6.1% (6  of 98) clinically diagnosed JNCL cases, which indicates 
that genetic heterogeneity is present in LINCL. These data sug- 
gest that genetic heterogeneity for LINCL may present either in 
that LINCL may result from mutations in CLN genes other 
than CLN2 or mutations in the CLN2 gene may result in clin- 
ically variant features misinterpretable as other NCL forms. 
This is important when molecular testing is offered for LINCL. 
If no mutation is found in clinically referred LINCL cases, a 
search for mutations in CLNl and CLN3 genes and biochem- 

Table 3 
Novel mutations identified at the second allele in CLN2 gene 

Age at Mutation at Mutation at 
onset (yr) Initial symptom EM allele- 1 allele-2 

2-2.5 Seizures CV R280X G473R 

3 Seizures CV R280X IVS4-2G 

4 Seizures CV IVS5-1C W460X 

3 Speech delay, seizures CV IVS5-1C A555P 

2-2.5 Speech delay, seizures N A IVS5- 1C G284V 

2 Behavioral changes CV IVS5-1C 1 -bp insertion 

4 Vision problem Mix IVS5-1C R127Q 

EM, electron microscopy findings; CV, curvilinear profile; FS, frame shift; NA, data are not available; Mix, mixed profile containing CV/FP/GRODs. 

plot;-. No. 6 315 
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Table 4 
Families affected by childhood neuroceroid lipofucinoses 

NCL family ( N  = 252, distribution %) 

INCL LINCL JNCL Unclassified NCL 
Mutation ( n  = 34) (n = 98) (n = 11) (n = 109) 

Unidentified 10 (29.4) 36 (33.0) 26 (26.5) 11 (100) 

Cm, common mutation(s); Um, uncommon mutation(s); M@L, mutations were found at another NCL locus; Unidentified, no mutations could be detected in the 
underlying gene; Unclassified, cases could not be classified on the basis of clinical features; NCL, neuroceroid lipofucinosis. 

ical analysis for enzymatic activity for the CLN2-encoded 
TPP128 is recommended. 

Although classical LINCL presents as the second most com- 
mon form of NCLs, four other variants with late-infantile on- 
set, fLINCL, pLINCL, tLINCL, and EPMR, have been identi- 
fied and cha rac t e r i~ed .~~ -~~  In addition, mutations may occur 
in the CLNl or CLN3 genes, and the CLN5-8 genes underlying 
these four variants should not be ignored. The fLINCL and 
PEMR so far have only been found in the Finnish population 
(Table 2). Although there were no mutations identified in the 
CLN2 gene in 36 American cases (33%) (Table 4), which are 
predominantly of European descent, it is possible that genetic 
deficiency in the CLN5 or CLN8 may occur in these or in other 
populations globally. 

Seizures, as the initial symptom, may present in the other 
two LINCLvariants, the pLINCL and tLINCL that are encoded 
by gene CLN6 and CLN7, respectively. The pLINCL is charac- 
terized clinically by a slightly later onset than classical LINCL 
and pathologically by mixed profde (CV+FP) inclusions. The 
age of onset ranges from 18 months to 8 years. The leading 
symptoms are seizures, motor delay, dysarthria, and ataxia. In 
50% of cases, visual failure occurs early on. Most patients die 

between the ages of 5 and 12 years.33 The CLN6-encoded 
LINCL variant has been assigned to pLINCL,' because the ma- 
jority of cases of pLINCL seem to be from Portugal, India or 
Pakistan, and of Czech-Romany descent. The Romany popu- 
lation is thought to originate from Indialpalustan, indicating 
there is a close ethnic link for this LINCL variant. The 23 cases 
of pLINCL from the Costa Rican population listed in Table 2 
were llkely to have originated from Portugal or IndialPalustan 
(doi: 10.1006lmgme.2000.3057, http://www.idealibrary. 

The gene CLN7 for Turlush LINCL (tLINCL) has not 
been localized and identified. The limited data for tLINCL, 
which were collected from small numbers of cases, showed 
tLINCL is Turkish originated with onset of symptoms in the 
late-infantile range. At the early stages of the disease, seizures 
and poor mobility are prominent features. Visual impairment 
has a variable onset. Subsequent symptoms include motor and 
cognitive deterioration. Pathologically, FP and CV may be 
present. To characterize the 33% of unidentified LINCLs, fur- 
ther studies on genes CLN5-8 need to be conducted. 

Genotype and phenotype for the novel mutations (Table 4) 
showed correlation. Three cases with seizures as the initial 
symptom suggest that the seizures might be related to muta- 

Table 5 
Heterogeneity of late-infantile neuroceroid lipofucin 

Clinical Age at Gene Genetic 
diagnosis onset (yr) Initial symptom EM mutated diagnosis 

LINCL- 1 6 Learning delay CVIFP CLN3 JNCL 

LINCL-2 1.4 Vision loss NT CLNl INCL 

LINCL-3 3.5 Seizures FP CLNl INCL 

JNCL- 1 6 Learning delaylseizures CVIFPIGRODs CLN2 LINCL 

JNCL-2 5 Vision problem FPICVIGRODs CLN2 LINCL 

JNCL-3 6 Vision & dementia FPlGRODs CLN2 LINCL 

JNCL-4 6 Vision problem FPICV CLN2 LINCL 

JNCL-5 6 Behavior FPlCV CLN2 LINCL 

JNCL-6 5 Wallung problem FP CLN2 LINCL 

NT, EM study was not performed; LINCL, late-infantile neuroceroid lipofucin; JNCL, juvenile NCL; EM, electron microscopy; CV, cunilinear; FP, fingerprint 
GRODs, osmiophilic deposits. 
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tions that involve in exon 11. These mutations resulted in ei- 
ther a substitution of amino acid residue (G473R) that also 
associated with ocular motor ap ra~ ia ,~5  premature termina- 
tion of the peptide (W460X), or intron-exon junction errors 
leading to an alternative splicing, which resulted in lack of exon 
11. Vision problems in LINCL are not a typical clinical feature 
and usually have a late stage of onset. In the case with vision 
problems studied here, the phenotype may be related to the 
pathologic changes of FPIGRODs, which are always found in 
classical JNCL that has pure FP or atypical JNCL that has mixed 
FP with GRODs. This may apply to any LINCL case as in 
JNCL-2 and JNCL-5 listed in Table 5, in which FPIGRODs are 
found. Because of the overlapping clinical symptoms, clinically 
diagnosed JNCL may instead be due to mutations in gene 
CLN2 (LINCL). Thus, clinical heterogeneity of LINCL should 
be considered. 

Currently, the amount of molecular heterogeneity for 
LINCL remains unknown. The correlation between the muta- 
tions in a specific genetic locus and the pathologic process is 
not clear yet. There is no answer to the question why different 
mutations in different loci may result in a similar pathologic 
change of lipofuscin storage. We have h y p ~ t h e s i z e d ~ ~  that a 
common pathogenic pathway may present, in which there is an 
unidentified mechanism. Characterization of this unknown 
mechanism may help in better understanding the NCLs and 
may guide in designing a rational treatment for the NCLs. As 
described earlier, INCL and LINCL result from lysosomal en- 
zyme deficiencies that may be corrected by the supplement of 
normal PPTl or TPP 1. Definite diagnosis of INCL and LINCL 
by genetic testing for mutation(s) in the CLNl or CLN2 gene 
can provide basic information for the families, not only for 
presymptomatic or prenatal diagnosis, but also for consider- 
ation of possible enzyme replacement therapy. However, in 
JNCL, because Battenin is a membranous protein, treatment 
by such means may be more difficult. However, a deeper un- 
derstanding of Battenin's function in the pathogenic process 
may provide the information required for designing a 
treatment. 
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