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Juvenile neuronal ceroid lipofuscinosis (JNCL, aka. juvenile
Batten disease or CLN3 disease), a lethal pediatric neurode-
generative disease without cure, often presents with vision
impairment and characteristic ophthalmoscopic features
including focal areas of hyper-autofluorescence. In the asso-
ciated research article “Loss of CLN3, the gene mutated in
juvenile neuronal ceroid lipofuscinosis, leads to metabolic
impairment and autophagy induction in retinal pigment
epithelium” (Zhong et al., 2020) [1], we reported ophthalmo-
scopic observations of focal autofluorescent lesions or puncta
in the CIn32¢78 mouse retina at as young as 8 month old.
In this data article, we performed differential interference
contrast and confocal imaging analyses in all retinal layers
to localize and characterize these autofluorescent lesions,
including their spectral characteristics and morphology.
We further studied colocalization of these autofluorescent
lesions with the JNCL marker mitochondrial ATP synthase
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FO sub-complex subunit C and various established retinal cell
type markers.

© 2020 The Author(s). Published by Elsevier Inc.
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Type of data
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Parameters for data collection

Description of data collection

Data source location

Data accessibility

Related research article

Biochemistry, Genetics and Molecular Biology (General)

Phenotypical characterization of neurodegenerative disease

Image, figure

Murine model, immunohistochemistry, fluorescent staining, confocal
microscopy, differential interference microscopy

Raw, analysed

CIn32e7/8 and wild type control mouse retina, young vs. old mice.
Additional controls include retinal sections processed without either
primary antibody or fluorescently labelled peanut agglutinin.

Two-color confocal images were acquired in serial mode and using
identical instrument settings such as laser power, detector gain, pixel
dwell time, image size, pinhole size, method of average/summation, and
scan zoom within each sample set. To make figures, images from the
same sample set were processed identically for comparing different
samples within the set.

University of Kentucky, Lexington, Kentucky, United States
Latitude and longitude (and GPS coordinates) for collected samples/data:
38.0406° N, 84.5037° W

With this Data in Brief article
and raw data deposited in Mendeley Data
(http://doi.org/10.17632/gwhbbtkpx6)

Zhong, Y., Mohan, K., Liu, J., Al-Attar, A., Lin, P, Flight, R.M., Sun, Q.,
Warmoes, M.O., Deshpande, R.R., Liu, H., Jung, K.S., Mitov, M.L,, Lin, N.,
Butterfield, D.A., Lu, S., Liu, J., Moseley, H.N.B., Fan, TW. M., Kleinman,
M.E., Wang, Q.. (2020). Loss of CLN3, the gene mutated in juvenile
neuronal ceroid lipofuscinosis disease, leads to metabolic impairment
and autophagy induction in retinal pigment epithelium. BBA-Mol Basis
Dis. DOI: 10.1016/j.bbadis.2020.165883.

Value of the data

Despite frequent observation of autofluorescent lesions in the JNCL retina, these lesions are
largely uncharacterized. The imaging data reported in this data article provide a detailed
characterization of the retinal autofluorescent lesions in a JNCL mouse model.

These data, which reveal specific features of the JNCL retinal autofluorescent lesions, in-
cluding their spectral characteristics, morphology, and potential colocalization with JNCL
marker mitochondrial ATP synthase FO sub-complex subunit C and various established
retinal cell type markers, may provide useful information for researchers and clinicians
who seek better understanding and treatment of JNCL disease.

These data may stimulate further investigations that identify and compare retinal cell type(s)
that harbor the retinal autofluorescent lesions in JNCL patients and animal models. This
knowledge not only may give insights into potential etiology of JNCL vision loss, but also
may provide a potential biomarker for evaluating disease progression and therapeutic ef-

ficacy.

1. Data description

In this data article, we first performed confocal fluorescent microscopy on the retinal cryo-
sections from young (6 month-old) and old (22 month-old) homozygous Cln32€*7/8 mice to
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Fig. 1. Homozygous CIn32¢7/8 mouse retina showed pathological autofluorescent lesions predominantly in the retinal
outer plexiform and inner nuclear layers.

(A) Confocal fluorescent images of mouse retinal cryo-sections show that autofluorescent lesions, which were promi-
nently in the outer plexiform and inner nuclear layers, increased in size and number with age and homozygous Cln32¢x%/8
mutation. Confocal images were collected with 561.4 nm laser and 595/50 nm emission filter on a Nikon Alplus confo-
cal microscope. These fluorescent microscope settings were similar to the 536/40 nm excitation filter and 650/100 nm
barrier filter settings that we used to first observe focal autofluorescent lesions in the CIn32¢78 mouse retina by fundus
autofluorescence (FAF) imaging on a TRC 50-IX imaging system [1]. Of note, we observed weak autofluorescence from
RPE or choroid (see the raw image files for Fig. 1A in Mendeley Data), likely due to extensive light absorption by the
pigments in the melanosomes in these retinal layers [6]. In addition, the confocal fluorescent images of mouse retinal
cryo-sections collected using either 403.1 nm laser and 450/50 nm emission filter or 487.9 nm laser and 525/50 nm
emission filter show similar autofluorescence patterns to those collected using 561.4 nm laser and 595/50 nm emission
filter (see the raw image files for Fig. 1A in Mendeley Data). Scale bar: 25 um. Labels: OS, outer segment; IS, inner
segment; ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner plexiform layer. (B)
Spectral imaging showed that autofluorescent lesions in homozygous CIn32¢73 retina had a broad spectrum peaked at
~500 nm. Left panel: An autofluorescent image of a 22-month old homozygous CIn32¢78 mouse retinal cryo-section
combined from all 32 channels of the spectral detector (centered at 417 nm, 427 nm, ..., and 727 nm). Right panel: The
light spectrum of the autofluorescent lesions seen in the left panel. To obtain the spectrum from the images, moving
averages (n=6) of signals were calculated along the line of interest (yellow line with arrow) for each of the 32 channels.
Differences between the averaged signals within the autofluorescent lesions and at a neighboring background area were
calculated and plotted against the corresponding center wavelengths of the channels.

visualize the distribution of the pathological autofluorescent lesions across all retina layers
(Fig. 1A). Second, we analyzed the spectral properties of these retinal autofluorescent lesions
in old homozygous CIn32x7/8 mice using spectral imaging (Fig. 1B). Next, we imaged morphol-
ogy of these retinal autofluorescent lesions using differential interference contrast microscopy
(DIC, Figs. 2-5, top panels) and accessed the colocalization of these retinal autofluorescent le-
sions with mitochondrial ATP synthase FO sub-complex subunit C (abbreviated subunit C here-
after), a JNCL lysosomal aggregate marker, using immunohistochemistry-immunofluorescence
(IHC-IF) and confocal fluorescent microscopy (Fig. 2). Finally, we also evaluated the colocal-
ization of these retinal autofluorescent lesions with various established retinal cell type mark-
ers, including peanut agglutinin (PNA, a cone photoreceptor outer segment, inner segment, and
pedicle marker; Fig. 3), ionized calcium binding adaptor molecule 1 (IBA1, a microglial cell
marker; Fig. 4) and CHX10/Visual System Homeobox 2 (VSX2) (a bipolar cell nuclear marker;
Fig. 5). Raw data (i.e., .nd2 files that contain information of all image acquisition settings)
are listed in the Supplemental Table and deposited in Mendeley Data (http://doi.org/10.17632/
gwhbbtkpx6).
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Fig. 2. Autofluorescent lesions in the homozygous CIn32¢7/8 mouse retinal OPL/INL were immunoreactive for mitochondrial ATP synthase FO sub-complex subunit C.

Immunoreactivity of subunit C, a marker known to accumulate in the lysosomes and ceroids/lipofuscins in JNCL [7, 8], was previously reported in the ONL, INL, and RGC of 10 month old
homozygous CIn32¢7/8 mice on an outbred 129Sv/Ev/CD1 mixed background [2]. However, CD1 background itself carried retinal degenerative genetic loci [9]. Here we observed subunit C
immunoreactivity in the photoreceptor IS, OPL, INL and IPL in both WT and homozygous CIn32¢7/8 mice (22-24 month old) on a C57BL/6] background which did not harbor the retinal
degenerative Rd1 or Rd8 mutation. Specifically, autofluorescent lesions (green) prominent in the OPL and INL of the homozygous CIn34¢78 mouse retina was subunit C immunoreactive.
Due to the spectral properties of the autofluorescent lesions in the homozygous CIn32¢%8 mouse retina (see Fig. 1), autofluorescence was collected with a 487.9 nm laser and a 525/25 nm
emission filter. Subunit C IHC-IF was performed on retinal cyro-sections stained with a rabbit polyclonal anti-subunit C antibody (Abcam ab181243) followed by an Alexa Fluor Plus 647-
labeled secondary antibody against rabbit IgG(H+L) (Thermo Fisher Scientific A32733) and confocal fluorescent images were acquired with a 638.6 nm laser and a 700/75 nm emission
filter. (A) Representative DIC and confocal fluorescent images of homozygous CIn32e*/8 mouse retina show autofluorescent lesions (green channel; pointed by yellow arrows) in the
OPL/INL immunoreactive for subunit C (red, pseudo-color). (B) Representative DIC and confocal fluorescent images of WT mouse retina show lack of autofluorescent lesions (green) in the
OPL/INL despite subunit C immunoreactivity in other areas (red, pseudo-color). (C) Control fluorescent images of homozygous CIn32¢7/8 mouse retina acquired and processed exactly as in
(A) except that anti-subunit C was omitted during immunostaining. Note that bringing up signals in the red channel revealed autofluorescence of the autofluorescent lesions rather than
subunit C immunoreactivity in the OPL/INL. (D) Control fluorescent images of WT mouse retina acquired and processed exactly as in (B) except that anti-subunit C was omitted during
immunostaining.
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Fig. 3. Autofluorescent lesions in the homozygous CIn32¢7/8 mouse retinal OPL/INL were negative for the cone photore-
ceptor marker peanut agglutinin.

Peanut agglutinin (PNA), a lectin protein derived from the fruits of Arachis hypogaea and with high affinity for galactose-
galactosamine disaccharide residues, stains cone photoreceptors [10,11]. Hypopigmented homozygous CIn32¢7/8 mice
(10-17 month old) on an outbred 129Sv/Ev/CD1 mixed background, which is known to harbor additional CLN3-
independent retinal degenerative genetic loci, were shown to have significantly decreased cone photoreceptors by PNA
chromogenic IHC [2,9]. However, we did not observe overt photoreceptor loss by Cy5-PNA fluorescence in a homozy-
gous CIn32¢7/8 mouse (22 month old) on a C57BL/6] background. In addition, autofluorescent lesions in the homozygous
Cln32¥718 mouse retinal OPL/INL were negative for Cy5-PNA. Autofluorescence was collected with a 487.9 nm laser and
a 525/25 nm emission filter. PNA IF was performed on retinal cyro-sections stained with Cy5-conjugated PNA (Vector
CL-1075a) and confocal fluorescent images were acquired with a 638.6 nm laser and a 700/75 nm emission filter. (A)
Representative DIC and confocal fluorescent images of homozygous CIn32¢7/3 mouse retina show autofluorescent lesions
in the OPL/INL (green channel; pointed by yellow arrows) and Cy5-PNA fluorescence (red; pseudo-color) at the cone IS
and OS and cone pedicles in the OPL/INL. Note that DIC images clearly show distinctive morphologies of RPE, OS, IS,
ONL, OPL, INL, IPL, and autofluorescent lesions. (B) Representative DIC and confocal fluorescent images of WT mouse
retina show autofluorescence (green) and Cy5-PNA fluorescence (red; pseudo-color). (C) Control fluorescent images of
homozygous CIn34e7/8 mouse retina acquired and processed exactly as in (A) except that Cy5-PNA staining was omitted.
Note that bringing up signals in the pseudo-red channel revealed autofluorescent lesions rather than the typical Cy5-PNA
staining patterns (A-B) in the OPL/INL.

2. Experimental design, materials, and methods
2.1. Mouse strains and genotyping

C57BL/6] wild-type (WT; 000664) and JNCL mutant B6.129(Cg)-Cln3tmLIMem | (([n3Aex7/s,
017895; made by Cotman et al. [2] and backcrossed to C57BL/6]) mice were purchased from
the Jackson Laboratories (Bar Harbor, ME) and housed under standard conditions with a 14:10 h
light-dark cycle. For genotyping WT and CIn32e¥7/8 mutant mice, genomic DNAs were prepared
from mouse ear punches by overnight proteinase K digestion (100 ug per 350 wL lysis buffer)
at 55°C, followed by isopropanol (70%) precipitation and ethanol (50%) wash. Air-dried genomic
DNAs were resuspended in ddH,0 and used as the templates for Polymerase Chain Reactions
(PCRs), with 50-100 ng genomic DNAs per reaction. Using the WT forward (oIMR3012, 5’-CAC
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Fig. 4. Autofluorescent lesions in the homozygous CIn34¢7/8 mouse retinal OPL/INL were negative for immunostaining of IBA1.

IBA1 was reported as a marker for microglial cells and their activation in the retina, including photoreceptor IS and OS, OPL, IPL and RGC layers [12]. Here we observed IBA1 immunore-
activity primarily in the photoreceptor OS layer for both homozygous Cin32¢%8 and WT mouse retina. Autofluorescence lesions in the homozygous CIn32¢%8 mouse retinal OPL/INL did
not show IBA1 IHC-IF signal beyond autofluorescence seen in the absence of IBA1 antibody. (A) Representative DIC and confocal fluorescent images of homozygous CIn32¢7/8 mouse retina
show autofluorescent lesions (green channel; pointed by yellow arrows) in the OPL/INL and immunoreactivity of IBA1 (red; pseudo-color). Autofluorescence was collected with a 487.9 nm
laser and a 525/25 nm emission filter. IBA1 IHC-IF was performed on retinal cyro-sections stained with a rabbit polyclonal anti-IBA1 antibody (Fujifilm 019-19741; distributed as VWR
100369-764) followed by an Alexa Fluor Plus 647-labeled secondary antibody against rabbit IgG(H+L) (Thermo Fisher Scientific A32733) and confocal fluorescent images were acquired
with a 638.6 nm laser and a 700/75 nm emission filter. (B) Representative DIC and confocal fluorescent images of WT mouse retina show autofluorescence (green) and immunoreactivity
for IBA1 (red, pseudo-color). (C) Control fluorescent images of homozygous CIn327/8 mouse retina acquired and processed exactly as in (A) except that anti-IBA1 was omitted during
immunostaining. (D) Control fluorescent images of WT mouse retina acquired and processed exactly as in (B) except that anti-IBA1 was omitted during immunostaining.
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Fig. 5. Autofluorescent lesions in the homozygous CIn32¢7/8 mouse retinal OPL/INL were negative for immunostaining
of the bipolar cell nuclear marker CHX10.

CHX10/VSX2 is a homeobox-containing transcription factor required for retinal progenitor cell proliferation and bipo-
lar neuron differentiation [13,14]. Here we observed autofluorescent lesions in the homozygous CIn32¢¥/8 mouse retinal
OPL/INL next to CHX10-positive bipolar cell nuclei. This observation warrants future testing of potential colocalization of
autofluorescent lesions with a cytosolic bipolar cell marker, such as protein kinase C « isoform (PKCe) for rod bipolar
cells [15-17] and secretagogin for cone bipolar cells [17]. As 15 types of bipolar cells have been classified so far [18],
autofluorescent lesions may colocalize with certain classes of bipolar cells in the homozygous CIn32¢73 mouse retina.
(A) Representative DIC and confocal fluorescent images of homozygous CIn34°7/8 mouse retina show bipolar cell nuclei
immunostained by an anti-CHX10 antibody [19] (red; pseudo-color) and autofluorescent lesions (green channel; pointed
by yellow arrows) in the OPL/INL. Autofluorescence was collected with a 487.9 nm laser and a 525/25 nm emission
filter. CHX10 IHC-IF was performed on retinal cyro-sections stained with a mouse monoclonal anti-CHX10 IgG,, anti-
body (Santa Cruz Biotechnology sc-365519) followed by an Alexa Fluor 680-labeled secondary antibody against mouse
IgG(H+L) (Thermo Fisher Scientific A21058) and confocal fluorescent images were acquired with a 638.6 nm laser and a
700/75 nm emission filter. (B) Control fluorescent images of homozygous CIn32¢7/8 mouse retina acquired and processed
exactly as in (A) except that anti-CHX10 was omitted during immunostaining.

CTT CCT CTC ACT GAC TGC-3’) and reverse (0IMR3013, 5’-ACC ACC ATG AGA TCA CAG CA-3)
primers, WT mice showed a 145 bp band (including primer length) that the mutants do not
have. Using the mutant forward (5’-GCC TTT ACT TGC TGC CTT ACA-3’) and reverse (5’-GGG TCT
CGG TGC CTA TGA-3’) primers, the mutants showed a band at ~750 bp band, while WT mice
showed a fainter 2.7 kb band. PCRs were carried out using a Taq DNA Polymerase Kit (QIAGEN
201205) with the optimized annealing temperature at 56 °C.

We also genotyped both WT and CIn32¢x7/8 mutant strains (both on C57BL/6] background)
for potential presence of the retinal degeneration Pde6b (Rd1) mutation [3] and the Crb1 (Rd8)
mutation [4]. We did not find evidence for the presence of either mutation in these mice. For
genotyping Rd8 or Rd1 mutation, genomic DNAs were prepared from mouse ear punches and
PCRs were carried out as described above. Primers for genotyping the Rd1 mutation include
0IMR2093 (5’-AAG CTA GCT GCA GTA ACG CCA TTT-3’) for the Rd1 mutation, oIMR2094 (5’-ACC
TGC ATG TGA ACC CAG TAT TCT ATC-3') for WT, and oIMR2095 (5’-CTA CAG CCC CTC TCC AAG
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GTT TAT AG-3’) as the common primer. With these primers, WT showed a 240 bp band while
the mutant showed a band at 560 bp. The optimized PCR annealing temperature was 65°C.

The Rd8 mutation is a single-base deletion mutation c.3481delC in the Crb1 gene, i.e., WT se-
quence TTCTTATCGGTGTG and Rd8/Rd8 sequence TTCTTATGGTGTG. Primers for genotyping the
Rd8 mutation were forward primer (5-GGT GAC CAA TCT GTT GAC AAT CC-3’) and reverse
primer (5’-GCC CCA TTT GCA CAC TGA TGA C-3’). The optimized PCR annealing temperature was
55°C. The PCR amplicons (~434 bp) were resolved on a 1% agarose gel containing 0.01% Sybr™
Safe DNA Gel Stain (Thermo Fisher Scientific $33102), excised, and cleaned using a QIAquick gel
purification kit (QIAGEN 28104). Rd8 mutation was tested using the above primers by Sanger
sequencing in the University of Kentucky Chandler Hospital Genomics Core Laboratory. To carry
out Sanger sequencing, cleaned amplicons (3 ul of ~15 ng/ul) were sequenced in 10 pl reaction
with 0.5 nl each of the forward and reverse primer stocks (5 uM).

2.2. Tissue preparations and microscopy

Mice were euthanized by CO, asphyxiation (20% cage volume per minute) followed by
cervical dislocation. Eyes were enucleated and cryo-preserved in Tissue-Tek O.C.T compound
(Sakura, 4583). Cross sections (10 pm thick) of mouse eyes were cut on a cryostat and adhered
to glass slides. For imaging retinal autofluorescence in Fig. 1, cryo-sections were fixed in 4%
paraformaldehyde for 15 min, washed 3 times with 1 x PBS with 0.1% Tween-20, sealed in Vec-
tashield mounting medium (Vector laboratories, H-1400) at 4 °C in the dark overnight. Regular
confocal images of autofluorescence (Fig. 1A) were collected on a Nikon Alplus confocal micro-
scope, with a Plan Apo A 100x oil objective lens, lasers (403.1 nm, 487.9 nm and 561.4 nm) and
corresponding emission filter cubes (450/50, 525/50 and 595/50 nm, respectively). Laser powers
and detector gains were set the same for all samples. Z-stacks were acquired with the most in-
tense plane in the red channel selected to be included in the figure. Spectral imaging of retinal
autofluorescence (Fig. 1B) was acquired on the same Nikon Alplus confocal microscope, with
a Plan Apo A 100x oil objective lens, a 403.1 nm laser, and a spectral detector divided into 32
channels (centered at 417 nm, 427 nm, ..., and 717 nm).

For Cy5-PNA staining (Fig. 3), retinal cryo-sections were air-dried for 90 min, fixed in 4%
paraformaldehyde for 40 min, washed 2 times with 1 x PBS, stained with Cy5-PNA (Vector CL-
1075; 10 pg/mL) for 1 h in 1 x PBS, washed 3 times with 1 x PBS, and sealed in ProLong® Di-
amond antifade reagent (Invitrogen P36961) and cured in the dark for at least 24 h. Control
retinal cryo-sections were processed identically except for not adding Cy5-PNA during staining.
For DIC, Kohler illumination was set up and images were acquired on a Nikon Alplus confocal
microscope with an Apo 60x oil AS DIC N2 objective lens and a 487.9 nm laser. Autofluorescence
was acquired with the same objective lens, same 487.9 nm laser, same laser power as those for
DIC, and a 525/50 nm emission filter. Cy5-PNA fluorescence was acquired with a 638.6 nm laser
and a 700/75 nm emission filter. Images were acquired in serial mode and using identical in-
strument settings (laser power, detector gain, pixel dwell time, image size, pinhole size, method
of average/summation, and scan zoom) for all samples in one sample set. Imaging stitching
(2 by 2) was used to include all retinal layers in one larger image. Z-stacks were acquired and
the best-focused plane was selected to be included in the figure. Fluorescent images from the
same sample set were processed identically post-acquisition.

For subunit C (Fig. 2) and IBA1 (Fig. 4) IHC-IF, retinal cryo-sections were air-dried for 90 min,
fixed in 4% paraformaldehyde for 40 min, washed 2 times with 1 x PBS, permeabilized for 20
min with 0.1% Triton X-100 in 1 x PBS supplemented with 2% BSA 2% normal goat serum (NGS),
blocked for 40 min in 1 x PBS supplemented with 2% BSA 2% NGS, incubated with corresponding
primary antibodies anti-subunit C (Abcam ab181243, 1:200) and anti-IBA1 (Fujifilm 019-19741
and distributed as VWR 100369-764, 1:500), respectively, in 1 x PBS supplemented with 2% BSA
2% NGS at 4 °C overnight in a humidified chamber, washed 3 times with 1 x PBS, incubated with
an Alexa Fluor Plus 647-labeled secondary antibody against rabbit IgG(H+L) (Thermo Fisher Sci-
entific A32733, 1:1000) at room temperature for 1 h, washed 3 times with 1 x PBS, and sealed
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in ProLong® Diamond antifade reagent and cured in the dark for at least 24 h. Control reti-
nal cryo-sections were processed identically except for not adding primary antibodies during
immunostaining. For CHX10 (Fig. 5) IHC-IF, retinal cryo-sections were processed similarly ex-
cept that permeabilization was done for 20 min with 0.2% Triton X-100 in 1 x PBS, and pri-
mary and secondary antibodies were anti-Chx10 (Santa Cruz Biotechnology sc-365519, 1:200)
and Alexa Fluor 680-labeled secondary antibody against mouse IgG(H+L) (Thermo Fisher Scien-
tific A21058), respectively. DIC, autofluorescence, and subunit C (Fig. 2), IBA1 (Fig. 4) and CHX10
(Fig. 5) IHC-IF images were acquired and processed as described above for Cy5-PNA (Fig. 3).

3. Note

While this manuscript was under review in Data in Brief, a publication came online reporting
reduced number of bipolar cells in CIn32€x7/8 mice and rescue of ocular phenotype by adeno-
associated virus (AAV)-mediated, bipolar cell-specific expression of CLN3 in CIn32¢7/3 mice [5],
consistent with our finding of potential cytoplasmic localization of autofluorescent lesions in
bipolar cells of Cln32ex7/8 mijce (Fig. 5).
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