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1 Summary

1.1  Primary Screening

In a primary screen 49 mice (24 homozygous mutants, 25 wild-type control
littermates) of the Eya3-KO mutant mouse line have been analyzed in the
German Mouse Clinic (GMC) in the screens Behavior, Dysmorphology, Neu-
rology, Eye, Clinical Chemistry, Immunology, Allergy, Cardiovascular Func-
tion, Nociception, Lung Function, Energy Metabolism, Molecular Phenotyping
and Pathology. The screening started on October 30, 2006.

1.1.1 Overall Assessment of the Results

The phenotyping at the GMC uncovered several new phenotypes which might
be — at least to some extent — sex-specific and age-dependent. We recom-
mend performing a follow-up study to analyze in-depth the age-dependency.

1.1.2 Results by Screen

Behavior: The analysis of Eya3 mice in the mHB reveals an altered explora-
tory pattern in mutant mice of both sexes with males being more affected.

Dysmorphology, Bone and Cartilage: In the morphological investigation via
visual inspection at the age of nine weeks, we observed abnormal head mor-
phology in 14 of 25 mutants (56%) and in 3 of 25 controls (12%). In the X-ray
analysis at the age of 16 weeks, no genotype-specific differences were de-
tectable; also the abnormal head morphology was no longer apparent. In the
dual-energy X-ray absorptiometry (DXA) analysis at the age of 16 weeks,
BMC (bone mineral content) was decreased in male mutants. Concurrently
body length and weight were decreased in male mutants.

Neurology: The comparison of Eya3-mutant mice to controls revealed de-
creased forelimb grip force in mutant mice. All SHIRPA test parameters were
without significant findings. Rotarod testing for motor coordination did not
show any alterations, either.

Eye: Genotype-specific differences of unclear relevance were detected be-
tween wild-type control and mutant Eya3 mice. Normalized axial length, but
not the axial eye length itself, was reduced in mutant animals. This could be a
secondary effect due to the shorter body length caused by the obviously
smaller head size at this age.

Cardiovascular: The comparison of the Eya3-mutant to control mice in blood
pressure showed no genotype-specific differences. In the ECG analysis the
mutants revealed prolongations in the PQ and JT interval and decreased QRS
amplitudes. The origin of the alterations is not clear, a detailed analysis would



be necessary. However, the changes are not so strong that cardiovascular
function can be considered impaired.

Lung Function: Significant differences were detected for tidal and specific
tidal volume at rest, mutants exhibit somewhat smaller values. However, none
of the other parameters characterizing spontaneous breathing was affected by
the mutation and adaptation from rest to activity was found to be normal in
mutants. Therefore, it is unlikely that the mutation is associated with a pulmo-
nary phenotype.

Molecular Phenotyping: The data analysis and various statistical methods
detected several genes differentially regulated between mutant and reference
tissues in heart and brain. In muscle no differences in expression levels be-
tween mutant and control mice have been detected. Several of the signifi-
cantly expressed genes in spleen and thymus are associated with protein syn-
thesis, synaptic vesicle exocytosis or they are expressed in different neuronal
cell types.

Pathology: In the macroscopic examination a significantly reduced body
weight could be detected in male mutants. Additionally in seven of nine mu-
tants and in one of nine controls a mild, focal testicular tubular degeneration of
unknown significance could be observed.

In the screens Allergy, Nociception, Clinical Chemistry, Inmunology, and
Energy Metabolism, no genotype-specific differences could be found.

1.2 Recommendations for Secondary Screen-
ing

Dysmorphology: For further analysis of the abnormal head morphology ob-
served at the age of nine weeks, additional data can be generated in secon-
dary analysis by uCT measuring animals younger than nine weeks.

Neurology: We recommend a closer analysis of the expression in the limbs.
In addition, since the head morphology defect vanishes later on and could no
longer be detected by the Pathology Screen it would also be worth measuring
grip force at various ages.

Please contact Valérie Gailus-Durner to discuss further steps and details.



2 General Part
2.1 The Role of the Gene

Mammalian Eya genes encode for transcriptional co-activator proteins and are
commonly co-expressed with Pax, Six and Dach genes (Rebay et al., 2005).
Information on Eya3 has been poorly published so far, this is the first knockout
mouse for this gene.

2.2 Known Phenotypes

Despite the broad expression of Eya3 during embryogenesis, no gross pheno-
type has been detected in adult mice. Even comprehensive screening for eye
abnormalities (histological analysis, Slit-lamp, Funduscopy, ERG and OLC)
could not uncover prominent phenotypes. However, in 50% of all cases meas-
urement of the eye-size by OLCI-technology revealed an enlarged lens size
between wild-type mice and homozygous mutants at the age of 11 and 13
weeks

All further findings which will be shown in this report we consider as new.

2.3 Suggested Human Disease Model

Human EYA3 gene is on 1p36, however, no inherited disease has been ad-
dressed to that locus so far (according to OMIM data base entry 601655).

2.4 Mice

2.4.1 Number and kind of mice

Table 1: Eya3 mice provided for analysis.
Numbers in brackets indicate animals which were kept in reserve.

Genotype / Sex Number of Animals
Mutant female 10 1 died
Mutant male 14 2 died
Control female 10 (+2) 1 died
Control male 15 (+1) 1 died

Two mice died for unknown reasons, three mice did not regain consciousness
after anesthesia.



The knockout line was generated by gene-trapping (German Gene Trap Con-
sortium, GGTC, 2004). The integration of the gene trap vector pT1p-geo was
mapped to a 16.7 kb large intronic region between exon 7 and exon 8, which
lead to a null mutant.

As described by the sender, the mice analyzed were back crossed for three
generations to wild-type C57BL/6J.

2.4.2 Housing conditions

In the GMC mice are housed in type Il polycarbonate cages in individually
ventilated caging (IVC) systems (VentiRack Bioscreen TM, Biozone, Margate,
UK) on wood fiber (Altromin, Lage, Germany). The IVCs operate with positive
pressure. Mice are transferred in weekly intervals to new cages with forceps in
Laminar Flow Class Il changing stations. Mice are fed with irradiated standard
rodent high energy breeding diet (Altromin 1314) and given semidemineral-
ized filtered (0.2 um) water ad libitum. Light is adjusted to a 12h/12h light/dark
cycle; temperature and relative humidity are regulated to 22 +1°C and
55 £ 5%, respectively. In specified modules husbandry conditions are ad-
justed according to the experiment requirements (See corresponding sec-
tions). All people attending the facility completely change their garment (jack-
ets and trousers autoclaved) and shoes and wear caps and masks before en-
tering the GMC (Brielmeier et al., 2002).

Outbred 8-week-old male SPF Swiss mice are used as sentinels and
kept on a mixture of new bedding and aliquots of soiled bedding (50:50) from
all cages of the IVC rack. In addition, the sentinels were also exposed to
soiled air from all “upstream” cages of the IVC rack. Health monitoring is car-
ried out by on-site examination of the sentinel mice by certified laboratories
according to FELASA recommendations (www.felasa.orq).

Mice are kept according to the German laws. Tests were carried out by
authority of the Regierung von Oberbayern.

2.5 Workflow

2.5.1 Standardized workflow for the primary screen in the

German Mouse Clinic
Mouse mutants entering the GMC are examined in a primary screen accord-
ing to the following standard workflow (Fig. 1, Gailus-Durner, Fuchs et al.,
2005). Analyzed parameters are listed in Table 2.

After the mice arrive at the GMC, they are acclimatized in the new envi-
ronment for one week. The males then start in the Behavior Screen. There
they stay for three weeks. Directly after the behavior tests, the anatomical in-
spection of the Dysmorphology Screen is performed. In the next week, the
Neurology Screen is applied. One week later the mice go through the tests of
the Eye Screen. When the mice were 12 weeks old, blood is taken, and sam-
ples are distributed to the blood-based screens for Clinical Chemistry, Immu-
nology, and Allergy. One week later, the animals are tested in the Nociceptive



Screen. One week later the mice were passed to the Cardiovascular Screen
wherein the mice stay two weeks.

Aae [Weeksl

Dysmorphology
Behaviour

Neurology

Eye

Clinical Chemistry
Immunology
Allergy

Steroid Metabolism

Nociception

Cardiovascular

Lung Function

Energy Metabolism ...........
Pathology HEEEEEEEREEN

Figure 1: Workflow of the primary screen
Explanation below, i Analysis of blood-based parameters.

In parallel, 10 mutant animals (five males / five females) and 10 controls
(five males / five females) leave the animal facility for the Lung Function
Analysis, which for technical reasons is located elsewhere. These animals
are, for hygienic reasons, not allowed to re-enter the German Mouse Clinic.
The females go directly to Pathology. The males are used to freeze organs for
future molecular phenotyping on request (remaining organs from those ani-
mals are analyzed by the Pathology). All other animals go through the bone
and cartilage tests of the Dysmorphology Screen. Five weeks after testing of
the first blood sample, a second sample is taken to confirm the findings. Then
the mice stay three weeks in the Metabolic Screen. After completion of the
primary screen all animals are analyzed macro- and microscopically in the
Pathology.

The screening of female animals starts one week later and follows the same
workflow (with the exception of Molecular Phenotyping sampling). Deviations
from our Standard operation procedure (SOP) are listed below; please take
the specific number of analyzed animals from the sections of the applied
screen.

2.5.2 Applied screens

The GMC standard workflow for the primary screen as described above was
applied to analyze the Eya3 mice. As the demanded number of 60 animals



(15 mice per sex per genotype) could not be delivered, the workflow was
adapted to the available number of animals (no female mice were available for
the analysis of pulmonary function). Some parameters measured in the blood
based screens could not be determined in all animals, as it was not possible
to get the needed amount of blood from these animals. A few animals died
during the primary screen (Table 1) and thus could not be analyzed for all pa-
rameters.

2.5.3 Quality Assurance

The Quality Assurance as part of the Quality Management at the GMC con-
sists of the following elements: standardized analyses via Standard Operating
Procedures (SOP) and validation of analysis protocols by different institutions
within the EUMORPHIA program, standardized data and project management
supported by the central database system MausDB and the GMC coordination
tool CoordDB as well as Quality Control and continuous training of the staff.

Coordination of the GMC’s operations

The GMC management team (Core Facility) coordinates the scientific issues,
logistics and administration of the GMC. The coordination software tool Co-
ordDB supports the GMC management team in handling the incoming pheno-
typing requests and managing the complex phenotyping workflow of the pri-
mary and secondary screening. Besides the operational business activities
the management team organizes the expansion of the screening services in
collaboration with its partners. Additionally, the management arranges regular
training of the staff members and the clinic’s quality assurance.

Standardized Operation Procedures (SOP) and Validation of Protocols
The GMC developed a set of SOPs which cover all steps from mouse import
and handling to phenotyping and data analysis. These SOPs are strictly fol-
lowed during the whole screening process in the GMC and all procedures are
documented.

The GMC is one of the major partners of the EUMODIC consortium that
emerged from the EUMORPHIA program (Brown et al., 2005), a consortium
for the selection, establishment, and standardization of phenotyping protocols
for mice as models for human diseases and for mouse husbandry. Cross-
validation of protocols by EUMORPHIA is performed by the different institu-
tions. A collection of the protocols (EMPReSS) is posted on the EUMORPHIA
web site at (http://www.eumorphia.org/EMPReSS/).

Central Database System

Another tool for quality assessment is the central database system which en-
sures full traceability of samples and documentation of all data. All mouse
data is entered into the system (e.g. date of birth, sex, cage) and all screening
results linked to the corresponding SOP as well as any changes of the mouse
conditions are immediately put in.

Quality Control
In addition to routinely screen-specific quality control tests, control animals of
selected strains (e.g. C57BL/6J and C3HeB/FedJ) are analyzed through the



standard protocol for all phenotypes at regular intervals. This data is reviewed
by the coordination team.

A tissue archive has been established for the storage of tail and blood plasma
samples taken from all mice that have ever been analyzed in the GMC. The
tail clips can be used for post-hoc genotyping in case of doubtful genotype
information. The sanitary status of every mouse completing the screening can
be tested by means of these plasma samples.

Continuous Training

Regularly specific training courses are held at the GMC. Specialists are in-
vited to give lectures and to offer practical training at special days. Staff train-
ing is documented and maintained by the management team.

2.6 Statistical Analysis of Data

If not otherwise stated, data of males and females was analyzed separately
comparing mutant and control data using a Student's t-test. Sex differences
within the mutant or the control group also were determined with a t-test. Ta-
bles summarizing the data will show mean + standard error of the mean. Sig-
nificant differences are indicated stepwise from 0.05, 0.02, 0.01, 0.001 to
0.0001.
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Abbreviations and Wording

Eya3 eye absent

GMC German Mouse Clinic

IVC individually ventilated cage

control homozygous wild-type control, Eya*”*
mutant homozygous mutant, Eya"'

wt wild-type control

KO knockout

FELASA Federation of European Laboratory Animal Science Associa-
tions, 25 Shaftesbury Avenue, London W1D 7EG, UK,
www.felasa.org




Table 2: Primary Screen at GMC
Screens Goal Methods
Dysmorphology, morphological analysis | morphological observation,

Bone and Cartilage

of body, skeleton, bone

bone densitometry,

and cartilage X-ray,
micro-computed tomography
Behavior locomotor, exploratory, | modified hole board
emotional and social
behavior, object recogni-
tion memory
Neurology assessment of muscle, | modified SHIRPA protocol
spinocerebellar, sen-
sory, and autonomic
function
Eye assessment of morpho- | funduscopy

logical alterations of the
eye

laser interference biometry
slit lamp biomicroscopy
histological analysis

Clinical Chemistry
and Hematology

determination of clinical-
chemical and hemato-
logical parameters in
blood

blood autoanalyzer,
ABC-animal blood counter

Immunology

analysis of peripheral
blood samples for im-
munological parameters

flow cytometry,
Multiplex Bead Array

Allergy analysis of total plasma | ELISA
IgE
Nociception detection of altered pain | hot plate assay

response

Cardiovascular

assessment of functional
cardio-vascular parame-
ters

non-invasive tail-cuff blood
pressure measurement, sur-
face limb ECG

Lung Function

assessment of altera-
tions in breathing pat-
terns

whole body plethysmography

(Buxco®)

Molecular Pheno-
typing

RNA expression profiling

DNA-chip technology

Energy Metabolism

measurement of altered
body weight regulation,
body temperature and
energy balance

bomb calorimetry

Pathology

microscopic and macro-
scopic examination

histology,
immunochemistry




3 Specific part
3.1 Behavior Screen

3.1.1  Summary
Genetic studies in the mouse are important for the elucidation of molecular
pathways underlying behavior. The goal of this endeavor is not only the identi-
fication of genes that control brain function and influence behavior, but also
understanding of genetic factors involved in human psychiatric disorders (Tar-
antino & Bucan, 2000; Bucan & Abel, 2002). These disorders are associated
with quantitative phenotypes called “intermediate traits” or endophenotypes,
some of which, in contrast to the full complex disorder, can readily be mod-
eled in mice. These traits are risk factors which are considered to be closer to
the genetic etiology than the full syndrome. Examples are anxiety in depres-
sion, prepulse inhibition and working memory deficits in schizophrenia, and
social interaction deficits in autism and schizophrenia (Seong et al., 2002;
Gottesman & Gould, 2003; Inoue & Lupski, 2003).

In the attempt to efficiently screen for candidate endophenotypes within
a limited time frame, we use the modified Hole Board (mHB) test as primary
screen in the behavioral phenotyping module of the GMC. This test allows the
comprehensive analysis of a range of parameters known to be indicative of
behavioral dimensions such as locomotor activity, exploratory behavior,
arousal, emotionality, memory and social affinity in a single short test (See
Onhl et al., 2001).

The analysis of Eya3 mice in the mHB reveals an altered exploratory
pattern in mutant mice of both sexes with males being more affected.

3.1.2 Mice
Mice were housed with food and water ad libitum under standard laboratory
conditions. Animals were separated based on sex, but not genotype. They
entered the laboratory at the age of six weeks, were given two weeks for ac-
climatization and were tested at the age of eight weeks. Three days before
testing, an object (metal cube) was placed into the home cage and removed
one day before testing.

In this screen, 18 female mice (nine controls, nine mutants) and 30 male
mice (15 controls, 15 mutants) were available for analysis.

3.1.3 Material and Methods

The modified Hole Board test (Ohl et al., 2001) was carried out as previ-
ously described (Kallnik et al., 2007). The test apparatus consisted of a test
arena (100 x 50 cm), in the middle of which a board (60 x 20 x 2 cm) with
23 holes (1.5x 0.5 cm) staggered in three lines with all holes covered by
movable lids was placed, thus representing the central area of the test arena
as an open field. The area around the board was divided into 12 similarly
sized quadrants by lines taped onto the floor of the box (See Ohl et al., 2001).
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Both box and board were made of dark grey PVC. All lids were closed before
the start of a trial. For each trial, an unfamiliar object (a blue plastic tube lid,
similar in size to the metal cube) and the familiar object (metal cube) were
placed into the test arena with a distance of 2 cm between them. The illumina-
tion levels were set at approximately 150 lux in the corners and 200 lux in the
middle of the test arena.

-

; 1
e —J— ], m_ oo [ 'E
-- - ® B ® = @ .a

Start position
(unprotected area) (protected area)

Figure 2: Test arena for modified Hole Board test.

For testing, each animal was placed individually into the test arena and al-
lowed to explore it freely for 5 min. The animals were always placed into the
test arena in the same corner next to the partition, facing the board diagonally.
The two objects were placed in the corner quadrant diametrical to the starting
point. During the 5 min trial, the animal’s behavior was recorded by a trained
observer with a hand-held computed. Data were analyzed by using the Ob-
server 4.1 Software (Noldus, Wageningen). Additionally, a camera was
mounted 1.20 m above the center of the test arena, and the animal’'s track
was videotaped and its locomotor path analyzed with a video-tracking system
(Ethovision 2.3, Noldus, Wageningen). After each ftrial, the test arena was
cleaned carefully with a disinfectant.
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Data were statistically analyzed using SPSS software (SPSS Inc, Chicago,
USA). The chosen level of significance was p<0.05.

3.1.4 Results

Behavioral analysis of spontaneous activity in a novel environment, as meas-
ured by the modified Hole Board test, revealed in respect to locomotor activ-
ity that mutants of both sexes covered less distance (total distance traveled,
Table 5) and made less changes in direction of movement (turns frequency,
Table 5) than controls. In addition, they moved with reduced speed as evident
from reduced values for mean and maximum velocity (Table 4), although the
first was a tendency only.

Concerning exploratory activity, mutants exhibited tendentially more rearings
in the box (Table 4) and mutant males additionally reared earlier than control
males (rearing in box latency, Table 4), although this was a tendency only.
Regarding directed exploration as measured by hole exploration frequency
(Table 4), only mutant males investigated more holes (hole exploration fre-
quency, Table 4) than control males (p = 0.05), but mutants of both sexes
started hole exploration earlier (hole exploration latency, Table 4).

Table 3: Evaluation of the behavioral phenotype

Behaviors which are considered affected in mutants due to the pattern of significantly altered pa-

rameters are marked in red.

Behavior

Measured parameters

Forward locomotor activity

Line crossings, Total distance traveled

Vertical exploratory behavior

Rearings in the box (number, latency), Rear-
ings on the board (number)

Speed of movement

Mean and maximum velocity

Immobility

Time spent immobile

Risk assessment

Stretched attends

Anxiety-related behavior

Latency until first board entry, Time spent on
board (males), Board entries

Exploratory behavior

Directed: Hole exploration (males), object
exploration (obi); general: Rearings (number,
Latency), activity levels

Grooming behavior

Latency to grooming, Time spent grooming,
Number of groomings

Defecation

Latency to defecation, Number of boli

Social affinity

Group contacts (latency), Time spent at parti-
tion

Familiar object exploration

Latency to obj. expl., Time spent in obj. expl.,
Number of obj. expl.

Unfamiliar object exploration

Latency to obj. expl., Time spent in obj. expl.,
Number of obj. expl.
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Concerning anxiety-related behavior, mutant males spent more time on board
than control males (time spent on board, Table 4). In contrast, the latency to
first board entry (Table 4) as well as the number of board entries (Table 4)
remained unchanged.

There were no genotype effects on any other observed parameter (Table 3).

3.1.5 Discussion

The primary behavioral observation in the modified Hole Board demon-
strated altered forward locomotor activity in mutants of both sexes. This
interpretation is based on the observation that, firstly, in mutants total distance
traveled as well as the amount of turns were declined and, secondly, they
traveled with reduced speed of movement. Since the Neurological Screen re-
ported reduced grip strength in mutants, the reduction in locomotion might be
a consequence of altered muscular strength. Whether alterations in conductiv-
ity of the myocardial muscle reported by the Cardiovascular Screen (3.9.5)
serve as an explanation for reduced locomotion in the mHB remains unclear,
since the Cardiovascular Screen did not find any other changes that would
suggest physiologically relevant alterations.

Additionally, exploratory behavior was changed during the test situation in
mutants. This conclusion is based on the fact, that, firstly, mutants exhibited
enhanced vertical exploration as measured by increased rearing frequency
and, secondly, started the exploration on board (hole exploration) earlier than
controls. Moreover, the observed alteration in exploratory behavior was more
pronounced in male than in female mutants since only mutant males addition-
ally started rearing behavior earlier and explored more holes, although the first
did not reach significant levels.

The sex-specific alteration in anxiety-related behavior in male mutants which
spent more time on board is likely related to their altered exploration on board.

Taken together, the analysis of Eya3 mice in the mHB reveals an altered ex-

ploratory pattern in mutant mice of both sexes with males being more af-
fected.
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Table 4:

Data are presented as mean + standard error of the mean.
Yellow indicate significant alterations only in one sex

Results of behavioral observation in the modified Hole Board test

Control Mutant Male + Female ANOVA
Parameter Male Female Male Female Control Mutant
(n=15) (n=9) (n=15) (n=9) (n=24) (n=24) sex genotype | Interaction
Line crossing [fre- | 1424 + 142.78 130.93+ | 132.89+ | 14254 + 131.67 s s s
quency] 5.76 5.37 7.94 5.22 4.05 5.25 e e o
Line crossing [la- |4 434 0 42| 1.38+03 [1.72+048| 173% [141+028[173+033| ns. n.s. n.s.
tency] 0.42
Rearings in box 4413 34.89 4222 + _
[frequency] 399 189 48.8 + 3.11 5 55 40.67 + 2.3 |46.33 + 2.23| p<0.05 p=0.07 n.s.
Rearings in box 19.39 + 17.94 + 2493 + 23.08 + _
llatency] 25.3 £ 3.08 387 2 58 577 243 20.56 £ 2.01 n.s. n.s. p=0.07
Hole exploration 58.67 + 78.33 £ 68.56 66.04 £
[frequency] 453 442 71.6+£4.42 5 37 378 70.46 £ 3.36 n.s. n.s. p<0.05
Hole exploration 14.57 + 13.87 14.31 £
[latency] 371 313 8.13+1.47 | 85+ 1.56 2 56 8.27 £ 1.07 n.s. p<0.05 n.s.
Hole visit [fre- 0+0 0+0 0+0 00 00 040 ns. ns. ns.
quency]
Hole visit 3000 | 300+0 | 300+0 | 300+0 | 3000 300 + 0 n.s. n.s. n.s.
[latency]
Board entry [fre- 15.56 + 14.56 + 12.46 +
quency] 10.6 £ 1.11 158 13.8+1.39 0.78 1.02 14.08 £ 0.9 n.s. n.s. n.s.
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Table 4:

Data are presented as mean + standard error of the mean.
Yellow indicate significant alterations only in one sex

Results of behavioral observation in the modified Hole Board test

Control Mutant Male + Female ANOVA
Parameter Male Female Male Female Control Mutant
(n=15) (n=9) (n=15) (n=9) (n=24) (n=24) sex genotype | Interaction
Board entry [la- 56.07 + 4264 + 2771+ | 4798+
tency] 8.09 34.5+£6.09 705 5 38 5 87 37.04£5 p<0.001 n.s. n.s.
Board entry 13.41 + 13.04 + 11.8 + 10.69 +
[total duration %] | >0*09 | g2 1.39 1.08 0.02 |12:58+0.95F A, n.s. p<0.05
Rearing on board | o3, 133/ 156+071[153+053| 9% |117:033]154+037| ns. n.s. e
[frequency] 0.44
Rearing on board | 259.46+ | 236.06+ | 24481+ | 22936+ | 25068+ | 239.02+ . i, i,
[latency] 16.16 30.36 19.29 18.95 15 13.82 S S S
Risk assessment 0£0 0£0 0£0 0£0 0£0 0+0 n.s. ns. ns.
[frequency]
Risk assessment | 5,5, | 300:0 | 30020 | 300+0 | 300:0 | 3000 n.s. ns. ns.
[latency]
Group contact [fre-| 20.27 19.89 + 20.54 +
quency] 190 21186 [196£1.86| g oos  |1971£137| ns. n.s. s
Group contact [la- 14.73 + 13.95 18.22 + 15.34 +
toney] 15.7£1.92| 7] 581 iy 174 |1556:211| ns. n.s. s
Group contact [to- 19.76 = 19.91 18.13 = 18.74 19.82 +
tal duration %] 1.74 2.37 1.53 1.76 138 |1836+1.14 ns. fl-s: fl:s-
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Table 4:

Data are presented as mean + standard error of the mean.
Yellow indicate significant alterations only in one sex

Results of behavioral observation in the modified Hole Board test

Control Mutant Male + Female ANOVA
Parameter Male Female Male Female Control Mutant
(n=15) (n=9) (n=15) (n=9) (n=24) (n=24) sex genotype | Interaction
Grooming [fre- 0.8+022 |044+018|087+024| 933% |067+016|067+017| ns. n.s. n.s.
quency] 0.17
Grooming [la- 24229+ | 267.73+ | 26259+ | 288.32+ | 25183
tency] 22.74 15.13 13.1 7.43 1527 |27%24+89) ns. fl-s: fl-s-
Grooming 0.22 +
[total duration %] 0.97+£0.38/0.76 £ 0.35(1.19 £ 0.39 012 0.89+0.27 | 0.83+£0.26 n.s. n.s. n.s.
Defecation [fre- 1457, 047| 00 114 0.39 0+0 | 054+0.3 |0.63+0.26 | p<0.05 n.s. n.s.
quency]
Defecation [la- 270.74 225.16 = 281.71 £ 253.23 +
tency] 1491 | 9000 | Toggy | 30020 9.66 1801 | PSO05 [ ns ns.
Unfamiliar object 6.33 +
exploration [fre- 6.13+0.76|8.11£0.82| 7 +£0.59 O 65_ 6.88+0.59 | 6.75+0.44 n.s. n.s. n.s.
quency] )
Familiar object 989 +
exploration [fre- 8.33+1.02/9.89+1.02(8.87 £0.74 O 59‘ 8.92+0.75| 9.25+0.51 n.s. n.s. n.s.
quency] )
Unfamiliar object
. 405+ 18.43 48.58 34.58 +
te:ﬂ;;atlon [la- 19 64 24.7 + 8.22 2 56 13.67 1257 29.73 £ 6.01 n.s. n.s. n.s.

17




Table 4:

Data are presented as mean + standard error of the mean.
Yellow indicate significant alterations only in one sex

Results of behavioral observation in the modified Hole Board test

Control Mutant Male + Female ANOVA
Parameter Male Female Male Female Control Mutant
(n=15) (n=9) (n=15) (n=9) (n=24) (n=24) sex genotype | Interaction
Familiar object
. 40.59 + 18.12 + 13.27 3217

exploration [la- 19.04 361 20.17 £ 2.9 215 12.03 17.58 £ 2.07 n.s. n.s. n.s.
tency]
Unfamiliar object
exploration 1.2+014 |201+041|133+£0.15|1.81+04 [(151+£0.19| 1.51+£0.18 | p<0.05 n.s. n.s.
[total duration %]
Familiar object 182+
exploration [total |1.52+0.25/1.89+0.33| 1.5£0.13 O 19‘ 1.66+0.2 | 1.62+0.11 n.s. n.s. n.s.
duration %] '

. -0.06 -0.07 = -0.07 = -0.03 +
Object Index 0.09 0.01£0.1 0.05 0.12 0.07 -0.07 £ 0.05 n.s. n.s. n.s.
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Table 5:

Video-tracking results regarding locomotor behavior
Data are presented as mean + standard error of mean.
yellow indicate significant alterations only in one sex

Control Mutant Male + Female ANOVA

Parameter

Male Female Male Female Control Mutant

(n=15) (n=9) (n=15) (n=9) (n=24) (n=24) sex |genotype|interaction
Total Distance 338722+ | 353429+ |3086.81+ 324855+ | 344237+ | 314746% | __ 005 )
Moved [cm] 124.93 115.54 126.49 71.36 88.88 83.77 s | PO S
?ﬁ‘:f,g;:i’;“'ty 20.67 +0.51| 20.93 + 0.5 [19.49 + 0.620.1 + 0.45/20.77 + 0.36| 19.72 + 0.41 | ns. | p=0.06 e
Maximum Veloc- 54 .97 + 5822 +
ity [omisec] 62.85+ 192 59.79+32 | 770 e | 617£168(56.19£1.37| ns. | p<0.05 e
Turns 171487 + | 177678+ |1610.33+|1688.78+ | 1738.08+ | 1639.75% | __ 005 i
[Frequency] 46.07 41.72 41.61 39.76 32.76 30.46 S| PU S
m‘:':e::]m Angle| 5 31+ 0.51(19.33 £ 0.55/20.93 + 0.5/19.43 + 0.6/19.95 + 0.39| 20.37+ 0.4 | p<0.05 | ns. e
Angular Velocity | 12837+ | 12842+ | 12811+ | 127.3% | 12839+
[degrees/sec.] 2 55 3.79 228 3.64 208 |12781£193 ms. | ns. n.s.
Absolute Meander] 14 .27 + 13.04 +
(dogrees/soe ] |1366%0.391281£041| " a3 | 133403 13814032 | p0.05 | ns. e
Board entry
[maximum dura- | 8.59+1.12 | 7.78 £ 1.04 [9.52 + 1.43/ 7.3+ 0.77 | 829+ 0.79 | 8.69+0.95 | ns. n.s. e
tion. sec.]
Mean distance to | 3 57, 5 17| 822+ 0.1 8.46+0.168.49 + 0.24| 8.62+0.13 | 8.47+0.13 | ns. n.s. e
wall [cm]
Mean distance to | 3 57, 5 17| 822+ 0.1 8.46+0.168.49 +0.24| 862+ 0.13 | 8.47+0.13 | ns. n.s. e
board [cm]
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3.2 Dysmorphology, Bone and Cartilage

3.21 Summary

In the Dysmorphology, Bone and Cartilage Screen of the German Mouse
Clinic mice are analyzed for morphological abnormalities in different organ
systems with special focus on bone and cartilage development and homeo-
stasis. The aim of the screen is to establish mouse models for human skeletal
diseases like osteoporosis (McLean & Olsen, 2001; Rosen et al., 2001), sco-
liosis (Giampietro et al., 2003), limb defects (Mariani & Martin, 2003), osteo-
genesis imperfecta (Rauch & Glorieux, 2004; Chipman et al., 1993) or os-
teoarthritis (Abe et al., 2006). We adapted the successful dysmorphological
screening protocol from the Munich ENU-Mutagenesis Screen (Hrabé de An-
gelis et al. 2000) for use in the German Mouse Clinic. The nomenclature of
the parameters was adapted according to the Mammalian Phenotype Ontol-
ogy wording (www.informatics.jax.org/searches/MP_form.shtml).  Further
tests for defects in bone development and homeostasis were taken over from
human diagnosis, and were adapted for the use in mice analysis. Such tests
include: X-ray analysis, bone densitometry, and, in special cases, micro com-
puted tomography. Detailed protocols for screening for bone and cartilage
phenotypes in mice are described in Fuchs et al. (2006).

A total of 50 animals of Eya3 mutant mouse line were analyzed in the
Dysmorphology, Bone and Cartilage module of the German Mouse Clinic. In
the morphological investigation via visual inspection at the age of nine weeks,
we observed abnormal head morphology in 14 of 25 mutants (56%) and in 3
of 25 controls (12%). In the X-ray analysis at the age of 16 weeks, no geno-
type-specific differences were detectable; also the abnormal head morphol-
ogy was no longer apparent. In the dual-energy X-ray absorptiometry (DXA)
analysis at the age of 16 weeks, BMC (bone mineral content) was decreased
in male mutants. Concurrently body length and weight were decreased in
male mutants. The difference in BMC is probably due to the smaller body size
of the male mutants.

3.2.2 Mice

Thirty male (15 controls, 15 mutants) and 20 female (10 controls, 10 mutants)
mice were analyzed by morphological inspection at the age of 9 weeks. 16-
week-old mutants (19 and 20 animals for DXA and X-ray, respectively) and
controls (18 and 20 animals for DXA and X-ray, respectively) entered the
bone density and X-ray analysis.

3.2.3 Material and Methods

The Dysmorphology, Bone and Cartilage module of the German Mouse Clinic

analyzed the mice in different phases:

1. At the age of five weeks, i.e. when the mice entered the facility, the gen-
eral physical condition and health were checked,

2. at the age of nine weeks, a morphological observation as a whole-body
checkup was performed; and
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3. at the age of 16 to 17 weeks, X-ray analysis and bone densitometry were
performed.

Morphological Observation
The animals were screened using the protocol for morphological analysis
from Fuchs et al. (2000) as adapted for the German Mouse Clinic.

Using a clickbox (supplied by the MRC Institute of Hearing Research, Not-
tingham, UK) we tested the mice's ability to hear a sound of 20 kHz. The re-
action of the animals was classified into six categories (0=no reaction at all,
1=no Preyer reflex, 2= retarded reaction, 3= normal reaction, 4= strong reac-
tion, 5= particularly strong reaction).

X-ray Images

Equipment: Faxitron X-ray Model MX-20 (Specimen Radiography System,
lllinois, USA),

NTB Digital X-ray Scanner EZ 40 (NTB GmbH, Diepholz, Germany),

Quiality control: Calibration of the system is done in monthly intervals,
Settings: Voltage 25 kV, integration time 40 ms,

Procedure: The anesthetized mouse was fixed on an X-ray-permeable plate
and placed in the machine. Using iX-Pect software supplied by the manufac-
turer of the X-ray scanner, the image was taken and analyzed. Analysis was
done qualitatively by visual inspection of the images as well as quantitatively
by using the ruler tool of iX-Pect software.

Bone density analysis

Equipment: pDEXA Sabre X-ray Bone Densitometer (Norland Medical Sys-
tems. Inc., Basingstoke, Hampshire, UK; distributed by Stratec Medizin-
technik GmbH, Pforzheim, Germany),

Quiality control: Calibration of the system was done in daily intervals using the
QC and the QA phantoms delivered by the manufacturer. Results from the
quality control were recorded by the system.

Settings: Scan speed 20 mm/s, Resolution 0.5 mm x 1.0 mm, HAW 0.020
Procedure: After anesthesia, the weight and length of the mouse were re-
corded, and the mouse was placed in the analyzer. After a scout scan, the
area of interest was optimized and the measure scan started.

Data-analysis: For analysis of the data, regions have to be defined. The stan-
dard analysis comprises a whole body analysis as well as a whole body
analysis excluding the skull.

Statistical analysis of data

Analysis of quantitative data sets was carried out using StatView software
package (SAS Corporation).

3.2.4 Results and Discussion

Fifty animals of Eya3 mutant mouse line were analyzed in the Dysmorphol-
ogy, Bone and Cartilage module of the German Mouse Clinic. In the morpho-
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logical investigation via visual inspection at the age of 9 weeks we observed
abnormal head morphology (Fig. 3; Table 6) in 14 of 25 mutants (56%) and in
3 of 25 controls (12%). In mutant animals we had the impression that the
neck musculature appeared to be weaker compared to controls. In the X-ray
analysis at the age of 16 weeks no genotype-specific differences were de-
tectable; the abnormal head morphology was no longer apparent either (Ta-
ble 7). In the Clickbox test (Table 8) to test the hearing ability of the mice, we
observed a normal reaction in mutants and controls. In the bone densitometry
using DXA analysis (Table 9), only BMC was decreased in male mutants.
Concurrently body length and weight were decreased in male mutants. The
difference in BMC is probably due to the smaller body size of the male mu-
tants. The sex differences we observed are common in many mouse strains,
and thus are not abnormal (unpublished data).

For further analysis of the abnormal morphology of the head observed at the
age of nine weeks additional data can be generated in secondary analysis by
MCT measuring animals younger than nine weeks.

+/+

Figure 3: Abnormal head morphology
At the age of nine weeks 56% of mutants showed a smaller head compared to controls
(also 12% of control animals showed a smaller head, see Table 6).

Raw data will be available on request.
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pQCT peripheral quantitative computed tomography
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sBMD specific bone mineral density
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Table 6: Results from the morphological inspection (nine-week old mice)

Parameter Male Female
Control | Mutant | Control | Mutant

Growth

normal 15 15 10 10

Weight

normal 15 14 10 10

fat - 1 - -

Body size

normal 14 10 9 6

small 1 5 1 4

Eyes

normal 14 15 10 10

one small 1 - - -

Coat hair growth

normal 15 15 10 10

Coat hair texture

normal 15 15 10 10

Hair follicle structure / orientation

normal 15 15 10 10

Skin pigmentation

normal 15 15 10 10

Skin texture / condition

normal 15 15 10 10

Vibrissae

normal 15 15 10 10

Limbs

normal 15 15 10 10

Digits

normal 15 14 9 10

syndactylism - 1 - -

abnormal digit - - 1 -

Tail

normal 14 15 10 10

kinky tail 1 - - -

Teeth

normal 15 14 10 10

long - 1 - -

Ear morphology

normal 15 15 10 10

Musculature

normal 15 15 10 10

Seizures / epilepsy

no 15 15 10 10

24




Motor capabilities / coordination

normal 15 14 10 10

trembling - 1 - -

Movement

normal 15 15 10 10

Feeding / drinking behavior

normal 15 15 10 10

Respiratory system

normal 15 15 10 10

Reproductive system

normal 15 15 10 10

Other abnormalities

no 13 8 9 3

abnormal head morphology 2 7 1 7

Animals analyzed 15 15 10 10

Table 7: Results from the X-ray analysis (16-week old mice)

Parameter Male Female
Control| Mutant |Control| Mutant

Skull

normal 10 10 10 10

Mandibles

normal 10 10 10 10

Maxilla

normal 10 10 10 10

Teeth

normal 10 10 10 10

Orbit

normal 10 10 10 10

Number of cervical vertebrae

normal (7) 10 10 10 10

Number of thoracic vertebrae

normal (13) 10 10 10 10

Number of lumbar vertebrae

normal (6) 10 10 10 10

Number of sacral vertebrae

normal (4) 10 10 10 10

Number of caudal vertebrae

normal 10 10 10 10

Vertebrae

normal 10 10 10 10

Ribs

normal (26) 10 10 10 10

Scapulas
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normal 10 10 10 10
Clavicle

normal 10 10 10 10
Pelvis

normal 10 10 10 10
Femur

normal 10 10 10 10
Tibia

normal 10 10 10 10
Fibula

normal 10 10 10 10
Humerus

normal 10 10 10 10
Ulna

normal 10 10 10 10
Radius

normal 10 10 10 10
Digits

normal (20) 10 10 10 10
Joints

normal 10 10 10 10
Other abnormalities

no 10 10 10 10
Animals analyzed 10 10 10 10

Table 8: Results from clickbox test (hearing test; nine-week old mice)

Phenotype Male Female
Control Mutant Control Mutant

0 R - R -

1 R - R -

2 2 1 1 1

3 13 14 9 9

4 R - R -

5 - - - -
Mean Score 2.87 2.93 2.90 2.90

Kruskal-Wallis ANOVA on Ranks: n.s.

: no reaction at all,

: very slow reaction,
: retarded reaction,
: normal reaction,

: strong reaction,

: extremely excited

AP WN-20
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Table 9:

(data presented as mean + standard error of mean)

Bone- and weight-related quantitative parameters (15-18-week old mice)

Control Mutant
(A) (B) A~B | A-~B ANOVA
Mal F |
Parameter Male |Female| Male |Female ate emale p —value |p —value| p —value
(n=9) | (n=9) | (n=10)| (n=9) |p —Vvalue|p —value|genotype| sex |interaction
BMD 58 56 58 58 n n
[ma/cm?] 42 42 42 + 1 a. a. n.s. n.s. n.s.
pBMD 47 44 46 45
[ma/cm?] 42 P 42 + 1 n.a. n.a. n.s. n.s. n.s.
sBMD 2.12 2.66 2.48 2.88
[10°xem? | +0.10|+012|+018 | +016 | ™ n.a. N, | =l e,
BMC 557 467 422 447
[mg] + 33 + 21 + 39 + 33 <0.05 n.s. <0.05 n.s. n.s.
Bone Content | 2.04 2.22 1.73 2.16
[%] £0.10 | +0.10 | +0.11 | +0.10 | ™ n.a. ns, | =l 08,
Body Length 9.06 8.89 | 860, | 8.67
[cm] £0.06 | +0.07 | +0.15 | +0.08 | 29 | ns | <001 1 ns. e,
Body Weight 27.29 | 21.05 |23.96] | 20.57
ra] T053 | soma | sits| 080 | <005 [ ns. | <005 |<00001| ns.
Fat mass 3.48 2.1 1.50 2.38
[units] +063|+042|+033|+063| ™ n.a. L U =0
Fat Content 12.60 | 9.96 590 | 10.91 na na s ns s
[units x 100/g] | £2.21 | £1.95 | +1.27 | £2.62 o o — — =
Lean mass 20.98 | 16.37 | 19.76 | 15.54
[units] £0.64 | +065|+076 | 046 | ™ n.a. nS, | S e
Lean Content | 77.04 | 77.76 | 82.89 | 76.21 na na s ns s
[units x 100/g] | £2.35 | +2.69 | +1.44 | 204 | "2 4. -S. :S. -S.
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3.3 Neurology Screen

3.3.1  Summary

Neurological dysfunction results in a wide variety of disorders ranging from
impaired movement to severe mental illness. Studying the neurobehavioral
phenotype of mutant mice is a powerful tool to understand the neural basis of
behavior and the pathophysiology of neurological disorders. Comparison of
the mouse and human brain transcriptomes shows a good correlation for
highly expressed genes in both transcript identity and abundance (Fouger-
ousse et al., 2000). Therefore, screening of mice with respect to neurological
disorders potentially offers an understanding of etiology and pathogenesis of
the human nervous system (Hafezparast et al., 2002).

The primary observation screen is a modification of the Irwin procedure

(Irwin, 1968) and was proposed as a rapid, comprehensive and semi-
quantitative screening method for qualitative analysis of abnormal phenotypes
in a mouse strain (Rogers et al., 1997). Dependant upon results of this pri-
mary screen and due to specific questions, additional tests can be carried out
for further assessment of neurological functions in a hierarchical way (Schnei-
der et al., 2006).
In the primary neurological screen 25 Eya3-mutant mice (15 males /
10 females) and 25 control mice (15 males / 10 females) were analyzed ac-
cording to our modified SHIRPA protocol where a battery of behavioral tests is
carried out.

We examined the mice using designed 23 test parameters (See web
page: http://www.mqgu.har.mrc.ac.uk/facilities/mutagenesis/mutabase/shirpa
summary.html) to detect phenotypic differences between knockout and control
mice. The test parameters contribute to an overall assessment of muscle, mo-
tor neuron, spinocerebellar, sensory and autonomic functions. The primary
neurological screen is focused on investigating neurological signs to deter-
mine the neurological functioning of a mouse. We also examine forelimb grip
force for the assessment of muscular function.

The comparison of Eya3-mutant mice to controls revealed decreased
forelimb grip force in mutant mice. All SHIRPA test parameters were without
significant findings. Rotarod testing for motor coordination did not show any
alterations either.

3.3.2 Mice

Fifteen 10-week-old male mutant and control mice entered the neurological
screen at the beginning of the 47™ calendar week 2006. Ten female mutant
and ten control mice entered the neurological laboratory one week later. All
animals were fed ad libitum for a period of one week during their stay in the
neurological screen.
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3.3.3 Material and Methods
Primary screening 1: modified SHIRPA protocol

Assessment of each animal at age 10 weeks began with observation of undis-
turbed behavior (Viewing Jar Behavior) in a glass cylinder (11 cm in diame-
ter). The mice were then transferred to an arena consisting of a clear Perspex
box (420 x 260 x 180 mm) in which a Perspex sheet on the floor is marked
with 15 squares. Locomotor activity and motor behavior within this area was
observed (Behavior recorded in the Arena). This was followed by a sequence
of manipulations testing reflexes (Behavior recorded on or above the arena).
Measurements were completed with the recording of body weight. The last
part of the primary screen also involved the analysis of righting reflex, and
contact righting reflex. A glass cylinder (35 mm diameter, 135 mm length) was
used for testing of the contact righting reflex. Throughout the entire procedure,
abnormal behavior, biting, defecation, and vocalization were recorded. Be-
tween testing of each mouse, fecal pellets and urination were removed from
the viewing jar and arena. All experimental equipment was thoroughly cleaned
with Pursept-A and dried prior to testing (Schneider et al., 2006).

Primary screening 2: grip strength

The grip strength meter system determines the fore limb grip strength, i.e.
muscle strength of a mouse. The device exploits the tendency of a mouse to
grasp a horizontal metal bar while being pulled by its tail. During the trial set-
up, the mouse grasps a special adjustable grip (2 mm) mounted on a force
sensor. The sensor allows measurements of up to 600 Ponds. Five trials were
undertaken for each mouse within one minute. The mean value is used to rep-
resent the grip strength of a mouse.

All experimental equipment was thoroughly cleaned with Pursept-A and
dried prior subsequent tests. Values were presented as means * standard
error of mean (SEM).

Statistical analysis of the grip strength trial results. Grip strength trial re-
sults are compared between genotypes, controlling for the effects of sex and
weight, by fitting linear mixed effect models (Pinheiro and Bates, 2000). A lin-
ear mixed effect model is a modified analysis of variance/covariance ap-
proach allowing for dependencies in the data. In our case, dependencies arise
from repeated trials within each mouse. Genotype, sex and weight are mod-
eled as fixed effects. Mouse-specific intercepts are modeled by including the
intercept as random effect. Interaction effects are tested for and included in
the model if they show a significant contribution. A serial dependency on the
trial number can be tested by including the trial number as random effect with
an autoregressive correlation structure. Model fitting is performed by the
nime-Package in the open-source statistical software R, a close relative of S-
PLUS (The R Project for Statistical Computing, 2004). The p-value for the
genotype effect within the specific model found for the data indicates the sig-
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nificance of the statistical test of interest; a confidence interval for the geno-
type effect can also be extracted.

Secondary Screening: Rotarod test

The TSE-RotaRod 3375 apparatus (Accelerating Model, TSE, Bad Homburg)
was used to measure fore limb and hind limb motor coordination, balance and
motor learning ability (Jones and Roberts, 1968). The machine was set up in
an environment with minimal stimuli such as noise and movement.

Figure 4: The rotarod apparatus

The rotarod device is equipped with a computer controlled motor-driven rotat-
ing rod. The unit consists of a rotating spindle and four individual lanes for
each mouse (Fig. 4). The software allows pre-programming of session proto-
cols with varying rotational speeds. Infrared beams are used to detect when a
mouse falls onto the grids beneath the rotarod.

In general, the mouse is placed perpendicular to the axis of rotation, with
head facing the direction of the rotation. All mice were placed on the Rotarod
at an accelerating speed from 4 to 40 rpm for 300 sec with 20 min between
each trial. In motor coordination testing, mice were given four trials at the ac-
celerating speed at one day. The mean latency to fall off the Rotarod during
the trials was recorded and used in subsequent analysis. Before the start of
the first trial, mice were weighed.

Statistical analysis of the Rotarod performance results: The Rotarod data
contain dependencies, which are more complex than the grip strength data.
Repeated measurements arise from four different trials with a break in be-
tween. To compare the performance results between genotypes, linear mixed-
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effect models are fitted, that allow for the dependencies of genotype and trial
and for the effects of sex and weight. The latter are modeled as fixed effects.
Interaction effects are considered and included in the model, if necessary.

In each model, the parameter of interest is the coefficient of the geno-
type effect. A significance test or a confidence interval for this coefficient can
be extracted from the model fitted.

3.3.4 Parameters

Muscle/lower motor neuron function

Body position, gait, Positional passivity, tail elevation, grip
strength, defecation

Spinocerebellar function

Body position, gait, righting reflex, tail elevation, grip strength

Sensory function

Transfer arousal, touch escape, gait, pinna reflex, righting re-
flex

Autonomic function

Palpebral closure, defecation, lacrimation

Neurological reflexes

Righting reflex (pons), contact righting reflex, pinna reflex

General appearance

Body weight, body position, transfer arousal, touch escape,
vocalization, positional passivity, aggression, spontaneous ac-
tivity, locomotor activity, skin color

3.3.5 Results

The primary analysis with the modified SHIRPA protocol did not show any
significant alterations in Eya3-mutant mice (Tables 10-13). Lactate values
measured with the AU400 analyzer of the Clinical Chemistry Screen were
also devoid of particular findings (Table 14).

Comparing the forelimb grip strength revealed significantly reduced forelimb
grip force (genotype effect p<.0.05; Fig. 5).

grip strength Eya3

sexn.s., weight p<0.001, genotype p<0.01
140
120 -
100 -
80
60 -
40
20

m+/+ m-/-

force (p)

M F

Figure 5: Results from grip strength testing
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Performance of the Eya3 mutants on the accelerating rotarod did not show
significant genotype-related differences (Fig. 6).

rotarod Eya3
mean performance of 3 trials
weight n.s., sexn.s., trial number p<0.001, genotype n.s.

300

o+/+ m-/-

100 -

latency [sec.]
o
o

50 A

M F

Figure 6: Results from rotarod testing

Raw data for each individual animal in Excel sheets are available on request.

3.3.6 Discussion

In our neurological screening, male and female Eya3-KO mice showed no
clear phenotype. Basic neurological functions seem not to be affected by the
mutation. Rotarod performance was only slightly impaired.

In many of the mutant animals, altered childlike head morphology was ob-
served (pictures available on request).

The reduction in body weight has also some impact on forelimb grip force
(p<0.001). We often observe reduced grip strength in mutants with less body
weight. However there appears also a genotype-related reduction involved as
indicated by the statistical significance of the genotype effect (p<0.01).

Eya genes are highly conserved and are part of the developmental regulatory
cascade directed by Pax6 and involved in tissue development especially in
the eye (provider info). However, other members of the family like Eyal and
Eya2 are also involved in the development of muscle and connective tissue
(Xu et al., 1997). Expression analysis with 3-Gal-staining of the Eya3 gene-
trap mutants analyzed here showed very strong signal in developing limbs.
This would emphasize a role of Eya3 in muscle or tendon development.
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We recommend a closer analysis of the expression in the limbs. In addition,
since the head morphology defect vanishes later on and could no longer be
detected by the Pathology Screen (3.13.5), it would also be worth measuring
grip force at various ages.
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Table 10: Recording of body weight

Data are presented as mean + standard error of mean.

Male Female both
Parameter
Control | Mutant p- Control Mutant p- p-
(n=15) | (n=15) | value | (n=10) (n=10) | value | value
E‘]’dy Weight | 4 4105/22.7:08| ns. | 192603 | 187406 | n.s. | 0.056
Table 11: Behavior recorded in viewing jar
Statistical analysis: chi-squared test; significance p<0.05
Male Female both
Parameter
Control | Mutant p- Control | Mutant p- p-
(n=15) | (n=15) | value | (n=10) | (n=10) | value | value
Body Position
Inactive 0 0 0 0
Active 15 15 10 10
Excessive Activity 0 0 n.s. 0 0 n.s. n.s.
Tremor
Absent 15 15 10 10
Present 0 0 n.s. 0 0 n.s. n.s.
Palpebral clo-
sure
Eyes open 15 15 10 10
Eyes closed 0 0 n.s. 0 0 n.s. n.s.
Coat Appearance
Tidy and well
groomed 15 15 10 10
Irregularities 0 0 n.s. 0 0 n.s. n.s.
Whiskers
Present 15 15 10 10
Absent 0 0 n.s. 0 0 n.s. n.s.
Lacrimation
Absent 15 15 10 10
Present 0 0 n.s. 0 0 n.s. n.s.
Defecation
Present 15 15 10 10
Absent 0 0 n.s. 0 0 n.s. n.s.
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Table 12: Recording of locomotor activity and behavior in the arena
Statistical analysis: chi-squared test; significance p< 0.05. Locomotor activity data are shown as mean (+

SEM)
Male Female both

Parameter

Control | Mutant p- Control | Mutant p- p-

(n=15) | (n=15) | value | (n=10) | (n=10) | value | value
Transfer arousal
Extended freeze 0 1 0 0
Brief freeze 4 8 0 1
Immediate movement 11 6 n.s. 10 9 n.s. n.s.
Locomotor activity |26.7+2.5(26.5+2.0| n.s. [26.7+2.7|26.0+2.4| n.s. n.s.
Gait
Fluid movement 15 15 10 10
Lack Fluidity 0 0 n.s. 0 0 n.s. n.s.
Tail Elevation
Dragging
Horizontally  exten- 0 0 0 0
sion 15 15 10 10
Elevated/Straub tail 0 0 n.s. 0 0 n.s. n.s.
Touch Escape
No response 0 0 0 0
Response to touch 15 15 10 10
Flees prior to touch 0 0 n.s. 0 0 n.s. n.s.
Positional Passivity
Struggles when held
by tail 15 15 10 10
No struggle 0 0 n.s. 0 0 n.s. n.s.
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Table 13: Behavior recorded in or above the arena
Statistical analysis: chi-squared test; significance p< 0.05

Male Female both

Parameter

Control | Mutant p- Control | Mutant p- p-

(n=15) | (n=15) | value | (n=10) | (n=10) | value | value
Skin color
Blanched 0 0 0 0
Pink 15 15 10 10
Bright deep red 0 0 n.s. 0 0 n.s. n.s.
Trunk curl
Absent 0 0 0 0
Present 15 15 n.s. 10 10 n.s. n.s.
Limb Grasping
Absent 15 15 10 10
Present 0 0 n.s. 0 0 n.s n.s.
Pinna Reflex
Present 15 15 10 10
Absent 0 0 n.s. 0 0 n.s. n.s.
Corneal Reflex
Present 15 15 10 10
Absent 0 0 n.s. 0 0 n.s. n.s.
Righting Reflex
Rights itself 15 15 10 10
Fails to right when re-
leased 0 0 n.s. 0 0 n.s. n.s.
Contact Righting
Present 15 14 10 10
Absent 0 1 n.s. 0 0 n.s. n.s.
Evidence of biting
None 13 15 10 10
Biting in response to
handling 2 0 n.s. 0 0 n.s. n.s.
Vocalization
None 7 6 3 4
Vocal 8 9 n.s. 7 6 n.s. n.s.
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Table 14: Lactate levels
Data shown represent the results of the mean blood lactate concentrations, value (= SEM)

Male Female both
Control | Mutant p- Control | Mutant p- p-
(n=15) | (n=15) | value | (n=10) (n=10) | value | value
Lactate (mmol/l) | 6.9+0.3 | 6.9+ 0.3 | n.s. [10.9+0.4[10.3+0.4| n.s. n.s.
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3.4 Eye Screen
3.41 Summary

In the primary screen, different methods were employed to analyze the eyes
of mutant mouse line in comparison to their control littermates. Mice were ex-
amined for anterior segment abnormalities by slit lamp biomicroscopy (Favor,
1983), as well as for posterior segment abnormalities by funduscopy. The ax-
ial eye length was measured by laser interference biometry (LIB; Puk et al.,
2006). If required, the retinal function can be tested with a high throughput
electroretinography (ERG; Dalke et al., 2004) in a secondary screen.

In humans blindness is caused by several different ocular diseases.
Among these, the cataracts are responsible for half of all cases (Johnson and
Foster, 2003). The retinal disorders cover a broad variety of clinical symptoms
and many different genes are involved in the corresponding pathological con-
ditions in humans. The two most important groups are retinitis pigmentosa
(RP) and age-related-macular-degeneration (ARMD; for recent reviews, see
Rivolta et al., 2002 and Stone et al., 2001). Mouse models are appropriate
tools to understand the genetic and biochemical mechanisms of ocular disor-
ders. There is a rapid increasing number of mouse mutants available suffering
from various types of eye diseases (for recent reviews see Graw, 2003 and
Dalke & Graw, 2005).

Genotype-specific differences of unclear relevance were detected be-
tween wild-type control and mutant Eya3 mice.

3.4.2 Mice

Twenty-fife Eya3-control (15 male, 10 female) and 25 Eya3-mutant mice
(15 male, 10 female) entered the Eye Screen at the age of 11 weeks. Mice
were first examined by slittamp biomicroscopy and funduscopy, on the follow-
ing day the laser interference biometry was performed. Mice were kept under
standard laboratory conditions with food and water ad libitum. When the mice
were Killed for pathological examinations the eyes of some mice were fixed for
histological analysis in the Eye Screen.

3.4.3 Materials and Methods

Funduscopy (Ophthalmoscopy): The posterior parts of both eyes were ex-
amined by funduscopy. After pupil dilation with one drop of atropine (1%), the
mouse is grasped firmly in one hand and clinically evaluated using a head-
worn indirect ophthalmoscope (Sigma 150 K, Heine Optotechnik, Herrsching,
Germany) in conjunction with a condensing lens (90D lens, Volk, Mentor, OH,
USA) mounted between the ophthalmoscope and the eye.

Slit Lamp Biomicroscopy: Mice were examined biomicroscopically for eye
abnormalities as previously described (Favor, 1983). Briefly, pupils were di-
lated with a 1% atropine solution applied to the eyes at least 10 min prior to
examination. Both eyes of the mice were examined by slit lamp biomicroscopy
(Zeiss SLM30) at 48x magnification with a narrow beam slit lamp illumination
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at 25-30°angle from the direction of observation. Observed phenotypic vari-
ants of the eyes were carefully documented.

Laser Interference Biometry (LIB) was performed using the “AC Master”
(Meditec, Carl Zeiss, Jena, Germany) equipped with a new technique, optical
low coherence interferometry (OLCI), adapted for short measurement dis-
tances (Schmucker and Schaeffel, 2004). Mice were anaesthetized with 137
mg Ketamine and 6.6 mg Xylazine per kg body weight and placed in front of
the ACMaster.

Histology: Eyes were fixed 24 hours in Davidson solution, dehydrated and
embedded in plastic medium. Transverse 2-um sections were cut with an ul-
tramicrotome, stained with methylene blue and basic fuchsine and evaluated
with a light microscope.

Statistical Analysis: Laser interference biometry data were statistically ana-
lyzed using MS-Excel. Differences between mouse groups were evaluated
with the Student’s t-test. Statistical significance was set at p<0.05. Data are
presented as mean values * standard error of the mean (SEM).

3.4.4 Parameters

Funduscopy

(qualitative) abnormalities of the retinal fundus and optic disc, vessel altera-
tions and development disorders

Slit lamp biomicroscopy

(qualitative) abnormalities of lens and cornea like opacity and development
disorders

Laser Interference Biometry (LIB)

axial eye length abnormalities

Histology

(qualitative) retinal lamination and morphology of cell layers and lens

Morphology

(qualitative) like size and degree of closure

3.4.5 Results

Laser Interference Biometry data were recorded from the groups of control
and Eya3-mutant mice. A comparison of the axial eye length of left and right
eye was performed for each group. Since no differences were observed be-
tween the left and right eye, data of both eyes were averaged for further
evaluation. The mean value and standard error was calculated for each group
of mice, male and female, wild-type control and mutant (Table 15). The com-
parison of the normalized axial lengths (axial eye length / body length) be-
tween males and females revealed sex-specific differences in the control and
the mutant group. Exceptionally, the females have a larger axial length than
the males in both groups. Comparing Eya3-mutant mice with their littermate
controls, significant difference were only found for the normalized axial length,
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but not for the axial eye length itself. This could be a secondary effect due to
the shorter body length caused by the obviously smaller head size at this age.

All Eya3 mice were examined by funduscopy. In single mice, unilateral ab-
normalities were observed in the retinal fundus (Table 16). However, no ab-
normalities associated with the Eya3 mutation were detected.

A total of 50 mice were examined ophthalmologically by slit lamp biomicro-
scopy (Table 17). No anterior segment phenotype was shown to be associ-
ated with the Eya3 mutation. All animals (both sexes and both genotypes) had
minor fleck opacities, which are often seen in strain C57BL/6.

To conclude, no distinct genotype-specific differences between wild-type con-
trol and mutant Eya3 mice were detected in the eye screen.
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Table 15: Axial eye length
Mean + standard error

Control Mutant
(A) (B) A-B A-B
Parameter Male Female Male Female Male [Female
(n=15) | (n=10) vglue (n=14) | (n=10) vglue vglue vglue
Axial length | 3.476 3.494 s 3.480 3.519 <0.01!| ns s
[mm] +0.013 | £0.012 | £0.011 | £0.007 : " -
Axial length /| 0.039 0.041 0.040 0.043
body length |  0.0003 | £ 0.0001 %0991 4 5.0005 |+ 0.0002 [<0:001| <001 |<0.001
Table 16: Results from Funduscopy
Genotype NAD | few white dots |less vessels | microphthalmia/| enlarged
or streaks (uni-| (unilateral) anophthalmia optic disc
lateral) (unilateral) (unilateral)
male +/+
(n=15) 13 1 - 1 -
female +/+
(n=10) 10 - - - -
male -/-
(n=15) 11 2 1 - 1
female -/-
(n=10) 10 - - - -

Table 17: Results from Slit Lamp Biomicroscopy

Genotype NAD iris abnormality | zonular opacity |microphthalmia/
(unilateral) (bilateral) anophthalmia
(unilateral)
male +/+
(n=15) 14 1 - 1
female +/+
(n=10) 9 - - -
male -/-
(n=15) 14 1 - 1
female -/-
(n=10) 10 - - -
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3.5 Clinical Chemistry and Hematology

3.5.1 Summary

The aim of the Clinical-Chemical Screen is the detection of hematological
changes, defects of various organ systems, and changes in metabolic path-
ways and electrolyte homeostasis by means of suitable laboratory diagnostic
tools. Since most inherited metabolic disorders are known to lead directly or
indirectly, via altered organ functions, to changes in the parameters investi-
gated, this screening process provides a comprehensive investigation of clini-
cal phenotypes with counterparts in humans and animal species (Rathkolb et
al., 2000). The methods used are routine procedures, allowing the appropriate
screen of large numbers of mice for a broad spectrum of clinical-chemical and
hematological parameters (Champy et al., 2004; Hough et al., 2002).

In the primary clinical chemical screen, 24 (14 males/ 10 females) con-
trol mice and 24 (14 males/ 10 females) Eya3-mutant mice were analyzed.
Twenty different clinical-chemical parameters were measured including vari-
ous enzyme activities, as well as plasma concentrations of specific substrates
and electrolytes. Additionally, we measured ten basic hematological parame-
ters.

We only detected the normal sex-related differences, but no genotype
effect on clinical chemical or hematological parameters. Therefore we can
state that the mutation does not seem to have major effects on the metabolic
pathways and organ functions investigated or the regulation of hematopoiesis.

3.5.2 Mice

Fourteen 12-week-old wild-type control males and 14 mutant males entered
the clinical-chemical screen at the beginning of the 49" calendar week 2006.
Ten 13-week-old control females and 10 mutant females entered the clinical-
chemical screen one week later.

3.5.3 Materials and Methods

Blood Withdrawal and Storage

The Clinical-Chemical Screen of the German Mouse Clinic analyzed the mice
at 13 weeks of age. A blood sample was taken from an isoflurane-
anesthetized mouse by puncturing the retro-orbital sinus with a non-
heparinized capillary (0.8 mm in diameter; Laborteam K&K; Munich, Ger-
many; Art.No. 1.28.13.1.2). The time for sample taking was recorded in a
work list. Blood was collected in a heparinized tube (Li-heparin, KABE; NUm-
brecht, Germany; Art.No. 078028). An additional smaller sample was col-
lected (using the same capillary) in an EDTA-coated tube (KABE, Art.No
078035). Each tube was immediately inverted five times to achieve a homo-
geneous distribution of the anticoagulant.

The Li-heparin-coated tubes were stored in a rack at room temperature
for two hours. Afterwards, cells and plasma were separated by a centrifuga-
tion step (10 min, 4656 x g; Biofuge, Heraeus; Hanau, Germany). Plasma was
distributed between the Immunology Screen (30 ul), the Allergy Screen
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(30 pl), the Clinical Chemical Screen (130 ul) and the Steroid Screen (resid-
ual), while the cell pellet was given to the Immunology Screen for FACS-
analysis. The plasma sample for the clinical chemical analysis was transferred
into an Eppendorf tube and diluted 1:2 with aqua dest. The solution was
mixed for a few seconds (Vortex genie, Scientific Industries; New York, USA)
to prevent clotting and then centrifuged again for 10 min at 4656 x g. Addi-
tionally, the Clinical Chemical Screen received the EDTA-blood sample for
hematological investigations.

Clinical Chemistry

The screen was performed using an Olympus AU 400 autoanalyzer and
adapted reagents from Olympus (Hamburg, Germany) and Roche (Mann-
heim, Germany). In the primary screen, 20 different parameters were meas-
ured including various enzyme activities, as well as plasma concentrations of
specific substrates and electrolytes.

Hematology

A volume of 50 pl EDTA-blood was used to measure basic hematological pa-
rameters with a blood analyzer, which has been carefully validated for the
analysis of mouse blood (ABC-Blutbild-Analyzer, Scil Animal Care Company
GmbH; Viernheim, Germany). Number and size of red blood cells, white blood
cells, and platelets are measured by electrical impedance and hemoglobin by
spectrophotometry. Mean corpuscular volume (MCV), mean platelet volume
(MPV) and red blood cell distribution width (RDW) are calculated directly from
the cell volume measurements. The hematocrit (HCT) is assessed by multi-
plying the MCV with the red blood cell count. Mean corpuscular hemoglobin
(MCH) and mean corpuscular hemoglobin concentrations (MCHC) are calcu-
lated from hemoglobin/ red blood cells count (MCH) and hemoglobin/ hema-
tocrit (MCHC), respectively.

Second sample analysis

In a second sample, collected from a subgroup of the previously tested mice
at the age of 18 weeks iron metabolism related plasma parameters as well as
the hematological parameter-set was retested to check the reproducibility of
findings in the white and red blood cell count obtained from the first blood
sample.

Analysis of Data

Data were statistically analyzed using Excel and Sigma Stat 2.0 with the level
of significance set at p<0.05, by an ANOVA test on the influence of genotype
and sex and subsequent pair-wise comparisons of the means by T-test.
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3.5.4 Parameters

Proteins and plasma enzyme activities

Alkaline phosphatase (EC 3.1.3.1), a-Amylase (EC 3.2.1.1),
Creatine kinase (EC 2.7.3.2), Aspartate-aminotransferase
(AST/GOT; EC 2.6.1.1), Alanine-aminotransferase
(ALT/GPT; EC 2.6.1.2), Ferritin, Transferrin, Lipase (EC
3.1.1.3), Total protein

Plasma concentrations of specific substrates

Glucose, Cholesterol, Triglycerides, Uric acid, Urea,
Creatinine

Plasma concentrations of electrolytes

Potassium, Sodium, Chloride, Calcium, Inorganic phosphate

Basic hematology

White blood cell count (WBC), Red blood cell count (RBC)
Hematocrit (HCT), Hemoglobin (HGB), Mean corpuscular
volume (MCV), Mean corpuscular hemoglobin (MCH), Mean
corpuscular hemoglobin concentration (MCHC), Red blood
cell distribution width (RDW), Platelet count (PLT) and Mean
platelet volume (MPV)

3.5.5 Results

Clinical Chemistry

ANOVA revealed a significant influence of the genotype on a-amylase activity
with decreased levels in mutant animals (Table 18). However, the values
measured were still within the physiological range of normal C57BL/6 mice. In
a second test a genotype effect on transferrin levels could be observed (Ta-
ble 19). However, these findings were not longer associated with changes in
the red blood cell count. Sex-related differences were detected for many pa-
rameters

Hematology

The red blood cell count (RBC) was significantly decreased in mutant animals.
In male mutants the platelet count (PLT) was significantly decreased whereas
the mean corpuscular hemoglobin content (MCH) was increased. The hemo-
globin concentration was significantly decreased in female mutants (Ta-
ble 20). None of these findings could be confirmed in a second blood sample
(Table 21).

Raw data for each individual are available on request in Excel sheets.
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3.5.6 Discussion

Clinical Chemistry

Sex-related differences were detected for many parameters, reflecting the
physiological differences, often observed in various mouse strains. Since the
difference detected in a-amylase activity was quite small, the difference found
in transferrin levels in the second sample was not seen in the first test, and all
obtained values were situated within ranges normally found in C57BL/6 mice,
we conclude that these findings are most likely findings by chance due to bio-
logical variation. An influence of the Eya3 mutation on metabolic pathways
and organ functions investigated seems to be very unlikely.

Hematology

Since none of the findings in the first test was reproducible in a second one
and all obtained values were situated within ranges normally found in
C57BL/6 mice, these are most likely findings by chance due to biological
variation. Therefore, an influence of the Eya3-mutation on the regulation of
hematopoiesis seems to be unlikely.

Comparison to baseline data

Almost all values for the different parameters were situated within the range
normally found in C57BL/6 mice with sodium-, alkaline phosphatase- and
transferrin-levels in the lower region of the physiological range (Hough et al.,
2002; Quimby & Loeb, 1999; Kile et al., 2003; own published data). However,
this might be a substrain-specific feature of the genetic background.

Increased values for CK activity are most likely an effect of the blood col-
lection procedure, since CK activities are well known to react very sensitive to
differences in mouse handling. High glucose values in some of the mice can
be due to the genetic background, C57BL/6 mice have a disposition to de-
velop diabetes.

A secondary screen is not recommended.
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Table 18: Clinical-chemical parameters at the age of 13 weeks.
Data are presented as mean + standard error of mean.

Control (A) Mutant (B) A~B | A~B | A~B
Male Female Male Female Male |Female| All
Parameter
(n=14) (n=10) |p-value| (n=14) |(n=10) p-value | p-value | p-value | p-value
. 1516+ | 1456 ¢ 1517+ | 145+
Sodium [mmol/l] 0.64 05 p<0.001 0.35 08 p<0.001 n.s. n.s. n.s.
Potassium 421+ | 412+ 434+ | 422+
[mmol/l] 005 | 005 | ™% 0.04 | 0.05 s e e
Calcium [mmol/l] | 2.4 + 0 2(')26‘ 5 | p<001 | 2420 262(?; p<0.01 | ns. | ns | ns.
?r:rl:;ﬂ]e 1 1)053 1 %74{3] + p<0.001 1 1)032 |1 %8525 * p<0.01 n.s. n.s. n.s.
Inorganic Phos-| 1.56 1.5+ ns 1.56 1.5+ s s s s
phate [mmol/l] 0.06 0.04 e 0.07 0.08 e e e h
:-golziali Protein 5(')83; 4(')73; p<0.001 5(.)9(()391 43{'1 * p<0.001 n.s. n.s. n.s.
Creatinine 0.388 + | 0.396 + ns 0.381+ | 0.398 + s s s s
[mg/dl] 0.008 0.008 e 0.006 0.005 e e e e
Urea [mg/dI] 729+ | 728 ns 68.7 £ 70.7 + s s s s
2.42 3.47 = 2.27 2.57 e e e e
. . 247 + 1.39 £ 25+ 1.31+
Uric acid [mg/dI] 0.14 0.1 p<0.001 0.18 0.11 p<0.001 n.s. n.s. n.s.
Cholesterol 87.3 % 64 + 80.5+ | 68.6
[mg/dI] 3.96 3.02 p<0.001 2 46 347 p<0.05 n.s. n.s. n.s.
-[rr:g/lz:;e"de 1 332i 87 +7.8 | p<0.01 1 ;12i 1 g7Si n.s. n.s. n.s. n.s.
Creatine Kinase | 2241+ | 302% s 329+ 4074+ s s s s
[u/ 34.64 86.5 e 131.75 | 179.21 e e e e
ﬁ'laannsl;leer-ap;r:mo- 4‘: .676i 2242 n.s. 42.617i 35?.1261 n.s. n.s. n.s. n.s.
(ALT) [U/1] ' ' ' '
‘:352::::;2::- 63.9 2 68.3 2 n.s 69.1 78.5% n.s n.s n.s n.s
(AST) [U/I] 3.96 6.4 9.54 14.98
Alkaline Phos- 1149+ | 150.6 £ 1244 + | 1474 £
phatase [U/I] 418 | 565 (P00 405 | o5 | PO0T | nmso | ons o ons
2501 + | 2298 + 2320+ | 2084 +
a-Amylase [U/l] 66.3 1429 n.s. 69.1 52 3 p<0.05 n.s. n.s. | p<0.05
Glucose [mg/dl] 1625+ | 172.2 £ ns 167.3+ | 1744 £ s s s s
9 8.3 9 S 11.3 9.9 S S S S
Ferritin [ng/ml] 28 .§5i 227 '§7i p<0.05 212'25 321% * p<0.001 n.s. n.s. n.s.
Transferrin 1546+ | 1475 % <0.001 151.7+ | 1498 £ s s s s
[mg/dl] 0.94 1.49 . 1.32 1.79 e e e e
. 97.7+ | 137.7 99.8+ |103.7
Lipase [U/l] 23 27 7 n.s. 5 56 11.62 n.s. n.s. n.s. n.s.
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Table 19: Clinical-chemical parameters at the age of 18 weeks.
Data are presented as mean + standard error of mean.

Control (A) Mutant (B) A~B | A~B | A~B

Male Female Male Female Male |Female| All
Parameter

(n=9) (n=9) p- value | (n=10) |(n=9) p-value | p-value | p-value | p-value
Ferritin [ng/ml] 276+ | 2574 n.s 289+ | 252+ n.s n.s n.s n.s

1.54 2.3 o 1.2 1.53 o o o o
Transferrin 120.3+ | 117.3 1136+ | 1158 _
[mg/dl] 188 145 n.s. 155 18 n.s. p<0.05 n.s. p=0.02
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Table 20: Hematological parameters at the age of 13 weeks.
Data are presented as mean + standard error of mean.

Control Mutant
(A) (B) A~B A~B A~B
Parameter Male |Female Male |Female Male | Female All
(n=14) | (n=10) Vgll;e (n=14) |(n=10) Vgll;e Vgll;e p - value | p - value
White blood
cell count 8(')?; %i; p<0.01 %25,? %igi p<0.001| n.s. n.s. n.s.
[103/ul]
Red blood
cell count 18'11; 18'1111 ns. |9.7%20.2 %71: n.s. n.s. p<0.05 p<0.05
[103/ul] ' : .
Platelet count | 931+ | 851 & s 843 + 849 + s 0<0.05 n.s n.s
[103/ul] 24 .1 334 e 34.5 43.4 e ; e e
Hemoglobin 152+ | 152+ ns 149+ | 146+ s s 0<0.05 s
[g/dI] 0.24 0.18 = 0.27 0.15 e = ' e
Hematocrit 485+ | 485+ s 473 + 1 46.8 s s n.s n.s
[%] 0.73 0.6 e T 0.62 e e e e
r:sa:ucl::rrvol- 48 + 48 + n.s. 489+ | 4841 n.s. n.s. n.s. n.s.
0.26 0.37 0.35 0.27
ume [fl]
Mean cor-
puscular he- | 151+ | 151 % s 154+ | 151+ s 0<0.05 s s
moglobin 0.1 0.13 e 0.14 0.11 e i e e
[pg]
Mean cor-
puscularhe- | 34 4 13134 316+ | 312+
moglobin 0.14 018 n.s. 018 013 n.s. n.s. n.s. n.s.
concentration ' ' ' '
[g/di]
Red blood
cell distribu- | 14.2+ | 13.9+ s 141+ | 141+ s s s s
tion width [% 0.1 0.18 e 0.15 0.13 e e e e
of MCV]
Mean Platelet | 5.37 £ | 5.36 ns 5.28 + 54+ s ns s s
Volume [fl] 0.05 0.05 o 0.06 0.05 o e e e
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Table 21:

Data are presented as mean + standard error of mean.

Hematological parameters at the age of 18 weeks.

Co(n;t)rol Mt(Jéa)nt A~B A~B A~B
Parameter Male |Female Male |Female Male | Female All
(n=9) | (n=9) Vgll;e (n=10) |(n=9) Vgll;e Vgll;e p - value | p - value
White blood
11.7+| 75+ 11.7 + 8.7

E:1e(;L/(:I%unt 077 043 p<0.001 0.77 052 p<0.01 n.s. n.s. n.s.
E:l?(?(:zcr)l(tj 1(())'122i 1%21 £ n.s. 18'122i 18';; n.s. n.s. n.s. n.s.
[10%/ul] ) ) ) )
Platelet count | 870+ | 877 + s 870 + 915+ s s s s
[10%/pl] 70.6 | 33.3 S 70.6 | 216 S S S S
Hemoglobin 153+ | 152+ ns 153+ | 149+ s ns s s
[g/dI] 0.24 | 0.09 S 024 | 0.23 S S S S
Hematocrit 496+ | 49+ s 496+ | 479+ s s s s
[%] 0.82 0.32 e 0.82 0.8 e e e e
Mean cor- | y0 44 1470+ 484+ | 477 +
puscular vol- 05 0.35 n.s. 05 0.24 n.s. n.s. n.s. n.s.
ume [fl] ) ' ) )
Mean cor-
puscular he- 15+ | 148+ s 15+ 14.8 £ s s s s
moglobin 0.15 0.11 e 0.15 0.1 e e e e
[pg]
Mean cor-
ﬁ‘“osgﬁ‘;';i:]he' 309+ (309%| | 309% | 31 [ | . .

) 0.1 0.11 e 0.1 0.11 e e e e
concentration
[g/dl]
Red blood
cell distribu- 146+ | 146 % ns 14.6 + 15 + s ns s s
tion width [% 0.17 0.19 e 0.17 0.1 e e o o
of MCV]
Mean Platelet | 5.34 + | 547 + ns 534+ | 544 + s ns s s
Volume [fl] 0.09 0.08 e 0.09 0.07 e e e e
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3.6 Immunology Screen

3.6.1 Summary
Mouse models have been a primary source of information for understanding
the intricate mechanisms of the immune system (Bluethmann and Ohashi,
1994; Mak et al., 2001; Fischer 2002; Rogner and Avner, 2003). The Immu-
nology Screen at the GMC was set up to conduct a broad immunological phe-
notyping of mouse mutant lines with the intention of identifying distinct gene
functions, which play key roles in the immune defenses of the organism
through a complex network of cellular and soluble components (Janeway et
al., 2004).

Under the baseline conditions of the primary immunology screen, no
significant differences between the Eya3 mutants and their littermate controls
could be revealed.

3.6.2 Mice
We analyzed 22 Eya3-mutant animals (10 females and 12 males) and twenty-
one (10 females and 11 males) of age- and sex-matched littermate controls.

3.6.3 Material and Methods

Peripheral blood leukocytes (PBLs) were isolated from 500 nul blood by eryth-
rocyte lysis with NH4Cl (0.17M) - Tris buffer (pH 7.45) directly in 96-well micro-
titer plates. After subsequent washing with FACS staining buffer (PBS, 0.5%
BSA, 0.02% sodium azide, pH 7.45), PBLs were incubated for 20 min with Fc
block (clone 2.4G2, PharMingen, San Diego, USA). Cells were then stained
with fluorescence-conjugated monoclonal antibodies (PharMingen). After the
antibody incubation, propidium iodide was added for the identification of dead
cells.

The following main cell populations were analyzed: B cells (CD19" clone
1D3), B1 B cells (CD19"CD5", clone 53-7.3), B2 B cells (CD19'CD5’), T cells
(CD3%, clone 145-2C11), CD4" T cells (clone RM4-5), CD8" T cells (CD8a,
clone 53-6.7; CD8p, clone H35-17.2), y/8T cells (clone GL3), granulocytes
(Gr-1*, clone RB6-8C5), and NK cells (CD49b", clone DX5). We also ana-
lyzed additional subpopulations based on the following Eya3ace antigens: IgD
(clone 11-26c¢.2a), B220 (clone RA3-6B2), CD11b (clone M1/70), CD103
(clone 2E7), CD25 (clone PC61), CD62L (clone MEL-14), CD45RA (clone
14.8), Ly-6C (clone AL-21), and CD44 (clone IM7). Data were acquired on a
Cyan flow cytometer (DakoCytomation, USA) and were analyzed using
FlowJo software (TreeStar Inc, USA). All samples were acquired until a total
number of 25,000 cells was reached.

The plasma levels of IgM, IgG+, 1gG2a, 1gG2b, 1gG3, and IgA were deter-
mined simultaneously in the same sample using a bead-based assay with
monoclonal anti-mouse antibodies conjugated to beads of different color re-
gions (Biorad, USA), and acquired on a Bioplex reader (Biorad). The pres-
ence of rheumatoid factor and anti-DNA antibodies was evaluated by indirect
ELISA with rabbit IgG (Sigma-Aldrich, Steinheim, Germany) and calf thymus
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DNA (Sigma-Aldrich), respectively, as antigens and AP-conjugated goat anti-
mouse secondary antibody (Sigma-Aldrich). Serum samples from MRL/MpJ-
Tnfrsf6"™ mice (Jackson Laboratory, Bar Harbor, USA) were used as positive
controls in the autoantibody assays.

3.6.4 Parameters

Flow cytometry

B cells (CD19%), B1 B cells (CD19°CD5"), B2 B cells
(CD19'CD5’), T cells (CD3"), CD4" T cells, CD8" T cells, y/8T
cells, granulocytes (Gr-1%), and NK cells (CD49b").
Furthermore, all potential subpopulations which can be identi-
fied by co-staining for other surface markers (IgD, B220,
CD11b, MHC II, I-A¥, CD25, CD8pB, CD62L, CD45RA, Ly-6C,
CD44) using 6 parameter/5 color flow cytometry were ana-
lyzed.

ELISA

IgM, 19G1, 19G2a, 19Gap, 19Gs, IgA; anti-DNA antibodies, rheu-
matoid factor

3.6.5 Results and Discussion

The analysis of Eya3 mice in the primary Immunology Screen did not reveal
any genotype-specific differences between mutants and their littermate con-
trols under baseline conditions (Table 22).
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Table 22: Basic parameters analyzed in the Inmunology Screen.
Data are presented as mean + standard error of mean.

Control Mutant A~B
(A) (B)
Parameter Male Female Male Female Male Female
(n=11) (n=10) p - value (n=12) (n=10) p - value| p - value | p - value
CD19"
[%] 57.1+1.62 51.7 £1.37 p<0.05 54.7+1.7 53.2+1.35 n.s. n.s. n.s.
CD19°CD5
[%] 0.82 £ 0.08 1.03+0.11 n.s. 0.92 £ 0.06 0.99 £ 0.08 n.s. n.s. n.s.
CD11b*Gr1
++
[%] 5.58 £ 0.41 6.61 £ 0.66 n.s. 5.88 £ 0.51 5.63 £ 0.93 n.s. n.s. n.s.
CcD4’
[%] 11.91+0.76 | 10.18 £1.14 n.s. 14.76 £ 0.56 | 14.01 £ 0.69 n.s. n.s. n.s.
CcD8a’
[%] 10.7 £ 0.44 9.69 £ 0.91 n.s. 12.98 £0.48 | 12.01 £ 0.55 n.s. n.s. n.s.
v/8 TCR"
[%] 0.39+0.03 | 0.73+0.08 | p<0.01 | 0.38+0.05 | 0.59+0.07 | p<0.05 n.s. n.s.
|gG1
[ug/ml] 383 + 40.1 383 +41.9 n.s. 611 + 245.1 337 +30 n.s. n.s. n.s.
Inga
[ug/ml] | 2455+4521| 117 +15.15 | p<0.05 [229.7 +23.82|112.9+24.28 | p<0.01 n.s. n.s.
19G2s
[ug/ml] 831.8+61.3 | 338.3+28.03 | p<0.001 |989.5 £ 229.97| 314.2 + 17.68 | p<0.05 n.s. n.s.
IgG3
[ug/ml] 280.6 +33.75| 215.1+43 n.s. 310.3 £40.75 | 243.5 £ 27.66 n.s. n.s. n.s.
igM
[ug/ml] 579.3 +44.56 | 4