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1 Summary 
1.1 Primary Screening 
In a customized screen 60 mice (20 homozygous mutant, 20 heterozygous 
mutant, and 20 wild-type control littermates) of the HST012 mutant mouse line 
have been analyzed in the German Mouse Clinic (GMC) in the screens Dys-
morphology, Behavior, Energy Metabolism, Clinical Chemistry, Immunology, 
Allergy, Steroid Metabolism, Cardiovascular Function, Molecular Phenotyping, 
and Pathology. The screens Neurology, Eye, Nociception, Pathology, and 
Lung Function have been omitted. The screening started on May 5th, 2007. 
The results are briefly summarized below by screen. 
 
 
Dysmorphology, Bone and Cartilage: DXA and pQCT analyses revealed 
that the HST012 mutant mouse line showed an osteopenic phenotype. In ad-
dition, increased plasma calcium and alkaline phosphatase (ALP) activity 
measured by the clinical-chemical screen might suggest a higher bone turn-
over and/or a defect in bone mineralization in homozygous mutants. 
 
Energy Metabolism: Body mass and body temperature were reduced in mu-
tant mice. Metabolic rate was decreased in mutants as expected for lower 
body mass but food intake was significantly increased. Interestingly, this was 
a gradual effect most evident in homozygous mutants. No significant effect of 
the mutation on metabolic fuel utilization could be detected.  
 
Clinical Chemistry and Hematology: Besides the previously known pheno-
type of impaired kidney function, indicated by increased urea and creatinine 
values, we detected reduced blood lipid values indicating an influence on en-
ergy metabolism, and increased ALP activity and calcium concentrations that 
might be due to changes in bone metabolism. Blood gas analysis, hematology 
and iron metabolism-related parameters revealed subtle changes that might 
be due to secondary effects or simply findings by chance due to biological 
variation. 
 
Immunology: A statistically higher expression of CD62L within the CD8 cell 
cluster occurred in female mutants. In male mutant mice, the proportion of 
Ly6C expressing cells within the CD8+ T-cell cluster was decreased, in fe-
males a higher proportion of Ly6C, CD44 co-expressing CD8 T-cells was 
found. The analysis of the blood plasma showed slightly higher levels of 
IgG2a antibodies in female HST012 mutant mice. 
 
Molecular Phenotyping: The data analysis and various statistical methods 
detected several genes differentially regulated between mutant and reference 
tissue. Several of the significantly regulated genes in kidney are annotated 
with hemolytic anemia, glomerulosclerosis, hypertension, diabetes and tu-
morigenesis  
 
In the screens Behavior, Allergy, and Steroid Metabolism, no genotype-
specific differences could be found. 
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The screens Neurology, Eye, Nociception, Lung Function, and Pathology 
have been cancelled.  
 
Cardiovascular: Data from the cardio-vascular screening will be submitted 
later. 
 
 
Please contact Valérie Gailus-Durner to discuss further steps and details.  
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2 General Part 
 
2.1 Generation of the Mutant Mouse Line and 
Known Phenotypes 
 
The mouse line HST012 was established in the recessive clinical-chemical 
screen of the Munich ENU-Mouse-Mutagenesis-Project hosted at the Helm-
holtz Zentrum München at the beginning of 2004. The founder animal had 
been selected for inheritance testing due to a reproducibly increased urea 
concentration in plasma. The mutation was mapped to the distal part of chro-
mosome 7 and candidate gene sequencing revealed a point mutation in the 
uromodulin gene (aa substitution A227T). 
 
The mutant mice show the following alterations: 
 

• increase of urea, uric acid and potassium in plasma,  
• slightly increased daily urinary excretion and moderate defective uri-

nary concentration ability,  
• immunohistochemical and electron microscopic alterations of thick as-

cending limb cells of Henle’s loop,  
• slightly reduced body weight. 

 
All further findings which will be shown in this report we consider as new. 
 
 
2.2 The Role of the Gene  
The uromodulin gene encodes for the uromodulin glycoprotein, also called the 
Tamm-Horsfall (THP), which is the most abundant urinary protein in mam-
mals. THP may be involved in the pathogenesis of cast nephropathy, urolithi-
asis, and tubulointerstitial nephritis. In addition, analyses with THP-knockout 
mice revealed a protective effect of THP against ascending urinary tract infec-
tion. THP may also play a regulatory role in the kidney. 
 
 
2.3 Expected Phenotypes 
 
The provider expects any phenotype connected to altered kidney function, 
e.g., alterations in blood electrolyte and blood gas parameters as well as 
blood pressure. Several secondary effects are possible like altered bone me-
tabolism, chronic inflammation of the gastrointestinal system. It is known from 
human patients that uremia causes apathy and drowsiness by toxic effects on 
the central nervous system. 
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2.4 Suggested Human Disease Model 
 
Possible are Familiar juvenile hyperuricemic nephropathia (FJHN), Medullary 
cystic kidney disease type 2 (MCKD 2), and Dominant glomerulocystic kidney 
disease (GCKD; please see OMIM data base entry # *191845). 
 
 
2.5 Mice 
 
2.5.1 Number and kind of mice 
 
 
Table 1: HST012 mice provided for analysis. 
 
Genotype / Sex Number of Animals 
Homozygous mutant female 10 
Homozygous mutant male 10 
Heterozygous mutant female 10 
Heterozygous mutant mal 10 
Control female 10 
Control male 10 
 
As described by the sender, the mice analyzed were a 5th generation back-
cross to C3HeB/FeJ wild type. 
 
 
2.5.2 Housing conditions 
 
In the GMC mice are housed in type II 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 II changing stations. Mice are fed with irradiated standard 
rodent high energy breeding diet (Altromin 1314) and given semidemineral-
ized filtered (0.2 µm) 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.org).  

http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=191845�
http://www.felasa.org/�
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Mice are kept according to the German laws. Tests were carried out by au-
thority of the Regierung von Oberbayern. 
 
 
2.6 Workflow 
 
2.6.1 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; modified after Gailus-Durner, 
Fuchs et al., 2005; Brown et al., 2005). Analyzed parameters are listed in Ta-
ble 2. After the mice arrive at the GMC, they are acclimatized in the new envi-
ronment for four weeks and divided into two groups to enter the GMC in two 
pipelines (Fig. 1).  
 
 

 
 
Figure 1: Workflow of the primary screen 
Explanation below, ▒ Analysis of blood-based parameters. 
 
 
The mice of the first pipeline are subjected to a morphological whole-body 
checkup in the Dysmorphology Screen and are passed to the Cardiovascular 
Screen. After the blood pressure is taken, the energy metabolism is analyzed 
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by calorimetry. One week later a simplified IpGTT is performed by the Clinical 
Chemical Screen. In the next week, the mice re-enter the Dysmorphology 
Screen for X-ray and DXA analysis. After the determination of eye size pa-
rameters, 12 mutant animals (six males / six females) and 12 controls 
(six males / six females) leave the animal facility for the Lung Function Analy-
sis, which for technical reasons is located elsewhere. The males are used to 
freeze organs for future molecular phenotyping on request. 
 
 
The second pipeline starts in the Behavior Screen. The initial screening of 
the naïve mice includes also neurological tests and lasts three weeks. One 
week later, the animals are tested in the Nociceptive Screen. On the following 
week the mice go through the tests of the Eye Screen. When the mice are 
14 weeks old, blood is taken, and samples are distributed to the blood-based 
screens for Clinical Chemistry, Immunology, Cardiovascular, and Allergy. One 
week later the mice were passed to the Cardiovascular Screen wherein the 
mice stay two weeks. ANP level is determined in the plasma samples, 
whereas ECG or Echo analysis is performed on request. Three weeks after 
testing of the first blood sample, a second sample is taken to confirm the find-
ings and analyze steroid levels. After completion of the primary screen all 
animals of the second pipeline are analyzed macro- and microscopically in the 
Pathology.  
 
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.  
 
 
2.6.2 Applied screens 
The GMC standard workflow for the primary screen as described above was 
applied to analyze the HST012 mice. As the demanded number of 120 ani-
mals (20 mice per sex per genotype of homozygous, heterozygous and con-
trol animals) could not be delivered, the workflow was adapted to the available 
number of animals. The Dysmorphology Screen performed secondary screen-
ing (pQCT). The screens Neurology, Eye, Nociception, Pathology, and Lung 
Function have been omitted.  
 
 
2.6.3 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 (Maier et al., 2008) and 
the GMC coordination tool CoordDB as well as Quality Control and continuous 
training of the staff.  
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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/; Mallon et al., 2008). 
 
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/6 and C3HeB/FeJ) 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. 
 
 

http://www.eumorphia.org/EMPReSS/�
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2.7 Statistical Analysis of Data 
If not otherwise stated, data was analyzed by ANOVA or Student's t-test (In 
the t-test, data of males and females was analyzed separately). Tables sum-
marizing the data will show mean ± standard error of the mean. Significant 
differences are indicated stepwise from 0.05, 0.02, 0.01, 0.001 to 0.0001. Raw 
data are available in Excel sheets on request. 
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Abbreviations and Wording 
 
HST012 Mutant mouse line displaying altered Harnstoff (urea) levels 
THP   Tamm-Horsfall glycoprotein, also known as uromodulin 
GMC  German Mouse Clinic 
IVC  individually ventilated cage 
control homozygous wild-type control, HST012+/+ 
het  heterozygous mutant, HST012+/- 
hom  homozygous mutant, mutant HST012-/- 
wt  wild type 
FELASA Federation of European Laboratory Animal Science Associa-

tions, 25 Shaftesbury Avenue, London W1D 7EG, UK, 
www.felasa.org 
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Table 2: Primary Screen at GMC 
 
Screens Goal Methods 
Dysmorphology, 
Bone and Cartilage 

morphological analysis 
of body, skeleton, bone, 
and cartilage 

morphological observation,  
bone densitometry,  
X-ray 

Behavior locomotion and anxiety-
related behavior 
sensory motor gaiting 

open field 
 
Acustic startle & PPI 

Neurology assessment of muscle, 
spinocerebellar, sen-
sory, and autonomic 
function 

modified SHIRPA protocol 
grip strength 
Rotarod 

Eye assessment of morpho-
logical alterations of the 
eye 

funduscopy 
laser interference biometry 
slit lamp biomicroscopy 

Nociception detection of altered pain 
response 

hot plate assay 

Energy Metabolism measurement of body 
weight, body tempera-
ture, activity, O2 con-
sumption, CO2 produc-
tion, respiratory ex-
change ratio 

indirect calorimetry 

Clinical Chemistry 
and Hematology 

determination of clinical-
chemical and hematolo-
gical parameters in 
blood 
glucose tolerance 

blood autoanalyzer,  
ABC-animal blood counter 
 
 
simplified IpGTT 

Steroid Metabolism analysis of steroid hor-
mones in blood plasma: 
testosterone and DHEA 

ELISA 

Immunology analysis of peripheral 
blood samples for im-
munological parameters 

flow cytometry,  
Multiplex Bead Array 

Allergy analysis of total plasma 
IgE 

ELISA 

Cardiovascular assessment of functional 
cardio-vascular parame-
ters 
analysis of plasma ANP 

non-invasive tail-cuff blood 
pressure measurement, sur-
face limb ECG / Echo, heart 
weight, ELISA 

Lung Function assessment of altera-
tions in breathing pat-
terns 

whole body plethysmography 
(Buxco®) 

Molecular Pheno-
typing 

RNA expression profiling DNA-chip technology 

Pathology microscopic and macro-
scopic examination 

histology,  
immunochemistry 
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3 Specific part 
 
3.1 Dysmorphology, Bone and Cartilage 
 
3.1.1 Introduction 
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 hu-
man 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). 
 
 
3.1.2 Summary 
In the morphological investigation via visual inspection and X-ray analysis, no 
genotype-specific differences were found. In the dual-energy X-ray absorpti-
ometry (DXA), we observed significant differences in bone and body parame-
ters between mutants and controls.  

To further analyze the observed differences in the bone parameters, we 
performed a secondary screen by pQCT analysis at the age of 6 month. In 
the femoral bone metaphysis and diaphysis, total and cortical bone content, 
and cortical bone area were significantly reduced in homozygous male mu-
tants (same tendency in females for total and cortical bone content) com-
pared to wild-type mice. Additionally total, trabecular and cortical bone density 
were significantly decreased at the femoral diaphysis in male homozygous 
mutants (same tendency in females) compared to wild-type mice.  

In summary DXA and pQCT analyses revealed that the HST012 mutant 
mouse line showed an osteopenic phenotype. In addition, increased serum 
calcium and alkaline phosphatase (ALP) activity measured by the clinical-
chemical screen might suggest a higher bone turnover and/or a defect in 
bone mineralization in homozygous mutants. 

 
 
3.1.3 Mice 
Thirty male (10 +/+, 10 +/-, 10 -/-) and 30 female (10 +/+, 10 +/-, 10 -/-) mice 
were analyzed by morphological inspection at the age of 10-12 weeks. 15-17-
week-old mutants (17 +/-, 14 -/- and 17 +/-, 15 -/- animals for DXA and X-ray 

http://www.informatics.jax.org/searches/MP_form.shtml�
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analysis, respectively) and controls (16 animals) entered the bone density 
and X-ray analysis. Six-month-old mutants (20 +/-, 19 -/-) and controls (21 
animals) entered the pQCT analysis. 
 
 
3.1.4 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 
3. at the age of 14 weeks, X-ray analysis and bone densitometry were per-

formed.  
 
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, 
Illinois, USA), 
NTB Digital X-ray Scanner EZ 40 (NTB GmbH, Diepholz, Germany), 
Quality 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), 
Quality 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. 
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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. 
 
 
pQCT (peripheral quantitative computed tomography) analysis 
Equipment: Stratec XCT Research SA+ (Stratec Medizintechnik GmbH, 
Pforzheim, Germany). Photons emitted by the X-ray tube are detected by 12 
semiconductor detectors. The spatial resolution was set to 70 µm.  
Quality control: Routine calibration of the system was performed daily with a 
phantom sample provided by the manufacturer. Results from the quality con-
trol were recorded by the system. 
Settings: Translation-rotation scanner, scan speed max. 40 mm/s, resolution 
70-500 µm. Research M mode (collimator position B; green; 0.25 x 0.9 mm). 
Procedure: After anesthesia, the weight and length of the mouse were re-
corded. The mouse leg was positioned with a plastic holder in the centre of 
the gantry opening and fixed with a plastic clip. We examined the distal femo-
ral metaphysis and diaphysis of the left femur from each mouse to obtain 
volumetric bone mineral density, content and area of the trabecular, cortical, 
and total bone. Once the scout view was completed, the reference line for the 
CT scans was set at the most distal point of the femur (knee joint space). At 
3.0 mm proximal from the reference line, two slices were taken at 0.25 mm 
intervals and at 6.0 mm proximal from the reference line one slice was taken 
to give characteristic cross sections of the femoral metaphysis and diaphysis, 
respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: pQCT scout view and CT scan of the femur. 
After the scout view (left picture) a reference line (R) for the CT scans (right picture) was set. 
Two CT slices (red lines) were taken in the femoral metaphysis and one in the diaphysis.  
 
Data-analysis: After scanning, regions of interest were defined by separating 
the femur from the patella. The CT slices were analyzed using contour mode 
1, cortmode 1 and peelmode 2 to evaluate trabecular and cortical parameters. 
For detection of the outer contour of bone a threshold was set at 350 mg/cm3 
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and the trabecular bone region was defined by setting an inner threshold to 
450 mg/cm3.  
 
Statistical analysis of data 
Analysis of quantitative data sets was carried out using SigmaStat (Systat 
Software, Inc.) and StatView software package (SAS corporation). 
 
 
3.1.5 Results and Discussion 
 
Sixty animals of HST012 mutant mouse line were analyzed in the Dysmor-
phology, Bone and Cartilage module of the German Mouse Clinic. In the mor-
phological investigation via visual inspection and X-ray analysis, no genotype-
specific differences were found (Tables 3 and 4). In the Clickbox test (Table 
5) 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 6), 
we detected significantly reduced BMD and BMC, but significantly increased 
sBMD (only homozygous; BMD related to the body weight) values in het-
erozygous and homozygous mutants compared to controls. Body weight, 
body length (only homozygous), fat mass and fat content were significantly 
decreased, lean content was significantly increased in heterozygous and ho-
mozygous mutants compared to controls. The sex differences we observed 
are common in many mouse strains, and thus are not abnormal (unpublished 
data). 

To further analyze the observed differences in the bone parameters, we 
performed a secondary screen by pQCT analysis. pQCT technology enables 
real volumetric bone density measurements in g/cm3 and it separates cortical 
and trabecular bone compartments and thus can monitor metabolic changes 
very quickly and precisely (Gasser, 2003; Schmidt et al., 2003). For in vivo 
monitoring of bone density, mass and architecture, pQCT analysis is re-
stricted to locations of the appendicular skeleton and tail vertebra.  

In the femoral bone metaphysis and diaphysis, total and cortical bone 
content, and cortical bone area were significantly reduced in homozygous 
male mutants (same tendency in females for total and cortical bone content) 
compared to wild-type mice (Table 7 and 8). Additionally total, trabecular and 
cortical bone density were significantly decreased at the femoral diaphysis in 
male homozygous mutants (same tendency in females) compared to wild-
type mice (Table 8).  
 
In summary, DXA and pQCT analyses revealed that the HST012 mutant 
mouse line showed an osteopenic phenotype. In addition, increased serum 
calcium and alkaline phosphatase (ALP) activity measured by the clinical-
chemical screen might suggest a higher bone turnover and/or a defect in 
bone mineralization in homozygous mutants. 
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mography (pQCT) in the mouse skeleton compared with histology and 
microcomputed tomography (microCT). J Bone Miner Res. 18(8):1486-
96 

 
 
Abbreviations 
 
BMC  bone mineral content 
BMD  bone mineral density 
DXA  dual-energy X-ray absorptiometry 
µCT   micro computed tomography 
pQCT   peripheral quantitative computed tomography 
pBMD  partial bone mineral density (excluding skull) 
sBMD  specific bone mineral density 
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Table 3: Results from the morphological inspection (10-12-week old mice) 
 

Male Female 
Parameter 
 

Control Mutant 
(+/- and -/-) 

Control Mutant 
(+/- and -/-)

Body appearance     
normal 10 20 10 20 
Craniofacial / head morphology     
normal 10 20 10 20 
Limbs     
normal 10 20 10 20 
Digits     
normal 10 20 10 20 
Tail     
normal 10 20 10 20 
Eyes     
normal 10 20 10 20 
Ears     
normal 10 20 10 20 
Teeth     
normal 10 20 10 20 
Vibrissae     
normal 10 20 10 20 
Coat appearance     
normal 10 20 10 20 
Coat / hair growth     
normal 10 20 10 20 
Coat / hair texture     
normal 10 20 10 20 
Hair follicle structure / orientation     
normal 10 20 10 20 
Skin pigmentation     
normal 10 20 10 20 
Skin condition / texture     
normal 10 20 10 20 
Muscle morphology     
normal 10 20 10 20 
Seizures / epilepsy     
no 10 20 10 20 
Motor capabilities / coordination     
normal 10 20 10 20 
Movement     
normal 10 20 10 20 
Eating / drinking behavior     
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normal 10 20 10 20 
Respiratory system     
normal 10 20 10 20 
Reproductive / urinary system     
normal 10 20 10 20 
Other abnormalities     
no 10 20 10 20 
Animals analyzed 10 20 10 20 
 
 
Table 4: Results from the X-ray analysis (15-17-week old mice) 
 

Male Female 
Parameter 
 

Control Mutant 
(+/- and -/-) 

Control Mutant 
(+/- and -/-)

Skull     
normal 10 20 6 12 
Mandibles     
normal 10 20 6 12 
Maxilla     
normal 10 20 6 12 
Teeth     
normal 10 20 6 12 
Orbit     
normal 10 20 6 12 
Spine     
normal 10 20 6 12 
Number of cervical vertebrae     
normal (7) 10 20 6 12 
Number of thoracic vertebrae     
normal (13) 10 20 6 12 
Number of lumbar vertebrae     
normal (6) 10 20 6 12 
Number of sacral vertebrae     
normal (4) 10 20 6 12 
Number of caudal vertebrae     
normal 10 20 6 12 
Vertebrae     
normal 10 20 6 12 
Ribs     
normal (26) 10 20 6 12 
Scapulas     
normal 10 20 6 12 
Clavicle     
normal 10 20 6 12 
Pelvis     
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normal 10 20 6 12 
Femur     
normal 10 20 6 12 
Tibia     
normal 10 20 6 12 
Fibula     
normal 10 20 6 12 
Humerus     
normal 10 20 6 12 
Ulna     
normal 10 20 6 12 
Radius     
normal 10 20 6 12 
Digits     
normal (20) 10 19 6 12 
left toes crippled (-/-) - 1 - - 
Joints     
normal 10 20 6 12 
Animals analyzed 10 20 6 12 
 
 
 
 
 
Table 5: Results from clickbox test (hearing test; nine-week old mice) 
 

Male Female 
Phenotype 
 Control 

Mutant 
(+/- and -/-) Control 

Mutant 
(+/- and -/-) 

0 - - - - 
1 - - - - 
2 - - - - 
3 10 20 10 20 
4 - - - - 
5 - - - - 
Mean Score 3.00 3.00 3.00 3.00 
Kruskal-Wallis ANOVA on Ranks: n.s. 
 
0: no reaction at all,  
1: very slow reaction,  
2: retarded reaction,  
3: normal reaction,  
4: strong reaction, 
5: extremely excited 
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Table 6: Bone- and weight-related quantitative parameters  
(data presented as mean ± standard error of mean) 

15-16 - week old mice 
HST012 

+/+ 
HST012 

+/- 
HST012 

-/- 
   

ANOVA 

Male Female Male Female Male Female
+/+ ~ +/- +/+ ~ -/- +/- ~ -/- 

Parameter 
  (n=10) (n=6) (n=10) (n=7) (n=9) (n=5) p – value p – value p – value

p – value
genotype

p – value
sex 

p – value 
interaction

BMD 
[mg/cm2] 

58 
± 1 

61 
± 2 

52 
± 1 

55 
± 1 

51 
± 2 

53 
± 1 < 0.0001 < 0.0001 n.s. < 0.0001 < 0.05 n.s. 

sBMD 
[10-3 x cm-2] 

1.79 
± 0.05

1.86 
± 0.04 

1.78 
± 0.02

1.92 
± 0.05 

1.86 
± 0.04

2.11 
± 0.04 n.s. < 0.01 < 0.05 < 0.01 < 0.0001 n.s. 

BMC 
[mg] 

694 
± 47 

666 
± 49 

555 
± 45 

590 
± 50 

522 
± 61 

474 
± 39 < 0.05 < 0.01 n.s. < 0.01 n.s. n.s. 

Bone Content 
[%] 

2.12 
± 0.12

2.00 
± 0.06 

1.87 
± 0.11

2.03 
± 0.10 

1.85 
± 0.14

1.87 
± 0.10 n.a. n.a. n.a. n.s. n.s. n.s. 

Body Length 
[cm] 

10.40
± 0.07

10.50 
± 0.00 

10.25
± 0.08

10.36 
± 0.09 

10.11
± 0.11

10.20 
± 0.12 n.s. < 0.01 n.s. < 0.05 n.s. n.s. 

Body Weight 
[g] 

32.60
± 0.88

33.23 
± 1.81 

29.40
± 0.64

28.79 
± 1.02 

27.79
± 1.14

25.22 
± 0.80 < 0.001 < 0.0001 < 0.05 < 0.0001 n.s. n.s. 

Fat mass 
[units] 

10.84
± 1.13

21.55 
± 2.41 

6.23 
± 0.98

11.40 
± 2.86 

5.75 
± 1.49

9.86 
± 4.16 < 0.01 < 0.01 n.s. < 0.001 < 0.001 n.s. 

Fat Content 
[units x 100/g] 

32.79
± 2.77

65.86 
± 7.52 

20.75
± 2.60

39.38 
± 9.87 

19.85
± 4.04

37.76 
± 15.55 < 0.05 < 0.05 n.s. < 0.01 = 0.001 n.s. 

Lean mass 
[units] 

14.65
± 0.76

16.78 
± 0.98 

16.46
± 0.56

15.45 
± 0.87 

15.51
± 1.05

16.35 
± 0.83 n.a. n.a. n.a. n.s. n.s. n.s. 

Lean Content  
[units x 100/g] 

45.37
± 2.87

51.73 
± 5.22 

56.44
± 2.58

54.21 
± 3.66 

56.60
± 4.00

64.88 
± 2.83 < 0.05 < 0.01 n.s. < 0.01 n.s. n.s. 
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Table 7: Bone-related quantitative parameters (24-26-week old mice): femoral metaphysis  
(Data presented as mean ± standard error of mean) 

HST012 
 con 

HST012 
 mut -/- 

HST012 
 mut +/- con ~ mut -/- con ~ mut +/-

Mut -/- ~  
mut +/- ANOVA 

Male Female Male Female Male Female Male Female Male Female Male FemaleParameter 
  (n=10) (n=11) (n=9) (n=10) (n=10) (n=10) p – value p – value p – value 

p – value 
genotype 

Total density 
[mg/cm3] 

636 
± 11 

789 
± 6 

630 
± 6 

793 
± 8 

635 
± 5 

809 
± 9 n.a. n.a. n.a. n.a. n.a. n.a. n.s. 

Trabecular density 
[mg/cm3] 

307 
± 7 

292 
± 6 

296↓ 
± 5 

317↑ 
± 3 

316 
± 3 

304 
± 7 n.a. <0.001 n.a. n.a. <0.05 n.a. <0.05 

Cortical density 
[mg/cm3] 

818 
± 4 

909 
± 6 

819 
± 7 

888 
± 6 

806 
± 4 

903 
± 7 n.a. n.a. n.a. n.a. n.a. n.a. n.s. 

Total content 
[mg] 

2.16 
± 0.02

2.61 
± 0.03 

1.99↓ 
± 0.04 

2.55↓ 
± 0.03 

2.15 
± 0.03

2.65 
± 0.03 <0.01 n.s. n.s. n.s. <0.01 <0.05 <0.0001 

Trabecular content 
[mg] 

0.37 
± 0.02

0.19 
± 0.01 

0.34 
± 0.02 

0.17 
± 0.01 

0.38 
± 0.01

0.15 
± 0.01 n.a. n.a. n.a. n.a. n.a. n.a. n.s. 

Cortical content 
[mg] 

1.79 
± 0.03

2.43 
± 0.03 

1.65↓ 
± 0.03 

2.38↓ 
± 0.04 

1.77 
± 0.03

2.50 
± 0.03 <0.01 n.s. n.s. n.s. <0.01 <0.05 <0.001 

Total area 
[mm2] 

3.42 
± 0.06

3.32 
± 0.04 

3.17 
± 0.08 

3.22 
± 0.04 

3.39 
± 0.05

3.29 
± 0.06 n.s. n.s. n.s. n.s. n.s. n.s. n.s. 

Trabecular area 
[mm2] 

1.22 
± 0.07

0.65 
± 0.03 

1.15 
± 0.05 

0.54↓ 
± 0.04 

1.18 
± 0.04

0.52↓ 
± 0.04 n.a. <0.05 n.a. <0.05 n.a. n.a. <0.05 

Cortical area 
[mm2] 

2.20 
± 0.04

2.67 
± 0.03 

2.02↓ 
± 0.05 

2.68 
± 0.05 

2.20 
± 0.04

2.77 
± 0.05 <0.05 n.s. n.s. n.s. <0.01 n.s. <0.05 
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Table 8: Bone-related quantitative parameters (24-26-week old mice): femoral diaphysis  
(Data presented as mean ± standard error of mean) 

HST012 
 con 

HST012 
 mut -/- 

HST012 
 mut +/- con ~ mut -/- con ~ mut +/-

Mut -/- ~  
mut +/- ANOVA 

Male Female Male Female Male Female Male Female Male Female Male 
Fe-

maleParameter 
  (n=10) (n=11) (n=9) (n=10) (n=10) (n=10) p – value p – value p – value 

p – value
genotype 

Total density 
[mg/cm3] 

1059 
± 9 

1080 
± 8 

996↓ 
± 9 

1067 
± 13 

1024↓
± 11 

1090 
± 14 <0.001 n.s. <0.05 n.s. n.s. n.s. <0.01 

Trabecular density 
[mg/cm3] 

231 
± 5 

219 
± 5 

199↓ 
± 6 

211 
± 6 

220 
± 7 

220 
± 15 <0.01 n.s. n.s. n.s. <0.05 n.s. <0.05 

Cortical density 
[mg/cm3] 

1164 
± 7 

1182 
± 7 

1128↓ 
± 3 

1169 
± 8 

1141↓
± 8 

1177 
± 7 <0.001 n.s. <0.05 n.s. n.s. n.s. <0.01 

Total content 
[mg] 

2.17 
± 0.04

2.12 
± 0.04 

1.90↓ 
± 0.06 

2.03 
± 0.03 

2.09 
± 0.04

2.09 
± 0.05 <0.01 n.s. n.s. n.s. <0.05 n.s. <0.001 

Trabecular content 
[mg] 

0.05 
± 0.003

0.05 
± 0.002

0.05 
± 0.005

0.04 
± 0.003

0.06 
± 0.004

0.03 
± 0.005 n.a. n.a. n.a. n.a. n.a. n.a. n.s. 

Cortical content 
[mg] 

2.12 
± 0.04

2.07 
± 0.04 

1.85↓ 
± 0.06 

1.98 
± 0.03 

2.03 
± 0.03

2.06 
± 0.05 <0.01 n.s. n.s. n.s. <0.05 n.s. <0.001 

Total area 
[mm2] 

2.05 
± 0.04

1.96 
± 0.04 

1.92 
± 0.07 

1.90 
± 0.03 

2.04 
± 0.04

1.92 
± 0.04 n.a. n.a. n.a. n.a. n.a. n.a. n.s. 

Trabecular area 
[mm2] 

0.23 
± 0.01

0.21 
± 0.01 

0.28 
± 0.03 

0.21 
± 0.02 

0.26 
± 0.02

0.17 
± 0.03 n.a. n.a. n.a. n.a. n.a. n.a. n.s. 

Cortical area 
[mm2] 

1.82 
± 0.03

1.76 
± 0.03 

1.64↓ 
± 0.05 

1.70 
± 0.03 

1.78 
± 0.03

1.75 
± 0.05 <0.01 n.s. n.s. n.s. <0.05 n.s. <0.01 
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3.2 Behavior Screen 
 
3.2.1 Introduction 
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 we use 
Prepulse Inhibition (PPI) to assess sensorimotor gating. PPI is considered to 
have face, construct, and a high predictive validity for schizophrenia and other 
neuropsychiatric diseases involving sensorimotor integration dysfunctions in 
man (Geyer et al., 2001; Swerdlow et al., 1994). 

 
 

3.2.2 Summary 
The behavioural analysis of HST012 mutants revealed no prepulse inhibition 
(PPI) sensorimotor differences. This result suggests that the HST012 mutation 
does not affect such aspects of central nervous system function. 
 
 
3.2.3 Mice 
Mice were housed with food and water available ad libitum under standard 
laboratory conditions. Animals were separated based on sex, but not geno-
type. Mice were tested at the age of 11 weeks in PPI. In this screen, 
20 female mice (10 control, 10 mutants) and 20 male mice (10 control, 
10 mutants) were available for analysis.  
 
 
3.2.4 Material and Methods 
 
PPI  
Prepulse Inhibition (PPI) was assessed using a startle apparatus setup (Med 
Associates Inc., VT, USA) including 4 identical sound-attenuating cubicles. 
The protocols were written using the Med Associates “Advanced Startle” soft-
ware. Experiments were carried out between 08:30h and 17:00h. Background 
noise was 65 dB, and startle pulses were bursts of white noise (40 msec). A 
session was initiated with a 5 min acclimation period followed by five presen-
tations of leader startle pulses (110 dB) that were excluded from statistical 
analysis. Trial types for the PPI included four different prepulse intensities (67, 
69, 73, 81 dB); each prepulse preceded the startle pulse (110 dB) by a 50 
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msec inter-stimulus interval. Each trial type was presented 10 times in random 
order, organised in 10 blocks, each trial type occurring once per block. Inter-
trial intervals varied from 20-30 sec. This protocol is based on the Eumorphia 
protocol (see www.eumorphia.org), adapted to the specifications of our startle 
equipment. 
 
Data were statistically analyzed using SPSS software (SPSS Inc, Chicago, 
USA). The chosen level of significance was p<0.05. 
 
 
3.2.5 Results 
 
Prepulse Inhibition 
Assessment of PPI did not reveal a significant PPI deficit in mutants of both 
sexes at any prepulse intensity, neither in either sex nor when data of both 
sexes were pooled (Fig. 3). ´ 
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Figure 3: Sensorimotor gating in HST012 mice measured by PPI 
at a startle intensity of 110 dB and prepulse intensities of 67, 69, 73 and 81 dB. 
“Global” is the mean PPI value of all four prepulse intensities. 
 
                  
3.2.6 Discussion 
 
The primary behavioural observation is that the PPI measurement did not 
reveal a significant alteration in sensorimotor gating in HST012 mutants. 
Thus, it would appear that the HST012 mutation does not greatly affect these 
aspects of central nervous system function.  
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3.3 Metabolic Screen 
 
3.3.1 Introduction 
The metabolic screening provides a comparative analysis of bioenergetic pa-
rameters in mice. Mechanisms which lead to disturbances in body weight 
regulation and energy metabolism are determined. Hence, the basal energetic 
demands are monitored during ad libitum feeding. In humans, unbalanced 
energy uptake and energy expenditure cause the development of obesity 
(Spiegelman and Flier, 2001) or anorexia nervosa with severe weight loss 
(Hebebrand et al., 2003). The primary metabolic screening focuses on the 
determination energy expenditure by indirect calorimetry. Body mass, food 
intake and locomotor activity are monitored under ad libitum conditions. These 
findings serve as the origin for further investigations in secondary and tertiary 
screening which go into details of energy expenditure and energy storage. 
 
 
3.3.2 Summary 
The primary metabolic screen of homozygous, heterozygous and control 
HST012 mice revealed several significant differences in energy metabolism 
parameters. Body mass and body temperature were reduced in mutant mice. 
Metabolic rate was decreased in mutants as expected for lower body mass 
but food intake was significantly increased. Interestingly, this was a gradual 
effect most evident in homozygous mutants. No significant effect of the muta-
tion on metabolic fuel utilization could be detected.  
 
3.3.3 Mice 
Ten adult HST012 wild-type control, 8 heterozygous and 10 homozygous 
males and entered the Metabolic Screen at the beginning of calendar week 22 
in 2008. The females (10 controls, 8 heterozygous and 10 homozygous mice) 
entered the metabolic laboratory one week later.  
 
 
3.3.4 Material and Methods 
 
Indirect calorimetry 
High precision CO2 and O2 sensors measure the difference in CO2 and O2 
concentrations in air volumes flowing through control or animal cages. The 
amount of oxygen consumed over a given period of time can be calculated 
with air flow through the cage measured in parallel. Data for oxygen consump-
tion are expressed as ml O2 h-1animal-1. The system also monitors CO2 pro-
duction, therefore, the respiratory exchange ratio (RER) and heat production 
can be calculated (please see below). 
 
The respiratory exchange ratio (RER) is calculated as the ratio VCO2/VO2. 
 
Heat production (HP) is calculated from VO2 and RER using the formula: 

 
HP [mW] = (4.44 + 1.43 x RER) x VO2 [ml h-1]. 
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The test is performed at regular room temperature (23°C) with a 12:12 hrs 
light/dark cycle in the room (lights on 06:30 CET, lights off 18:30 CET). Paper 
tissue is provided as bedding material. Each mouse is placed individually in 
the chamber for a period of about 21 hours (from 14:00 CET to 11:00 CET 
next day) with free access to food and water. Metabolic chambers are set up 
in a ventilated cabinet continuously supplied with an overflow of fresh air from 
outside. 
 
 

 
 
 
Further data 
In addition, body mass before and after the gas exchange measurements are 
taken. Before returning the mice to their home cage rectal body temperature 
is also determined. Food intake is monitored by weighing and re-weighing the 
feeder before and after indirect calorimetry. 
 
 
Statistical Analysis 
All values are presented as means ± SEM. Two-way-ANOVA (SigmaStat, 
Jandel Scientific) was used to test for effects of the factors strain and sex 
(ANCOVA with body mass as covariate). The Fisher test was applied for post 
hoc multiple comparisons.  
 
 
3.3.5 Parameters 
 
Recorded and calculated data during metabolic phenotyping 
Oxygen consumption (VO2), Carbondioxide production (VCO2), Respiratory 
exchange ratio (RER), heat production (HP), body weight before and after 
indirect calorimetry, food consumption, and rectal temperature. 
 
 
3.3.6 Results and Discussion 
 
We detected a stepwise reduction in body mass between heterozygous and 
homozygous HST012 mice compared with wild-type control littermates. Body 
temperature and metabolic rate were also decreased in mutants; both mean 

change 
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heat production and minimum metabolic rate monitored over 21 hours were 
lowest in homozygous mutants and intermediate in heterozygous mice. How-
ever, food intake (not corrected for spillage) was significantly increased. No 
significant effect of the mutation on metabolic fuel utilization could be de-
tected.  
 
Prior to the metabolic screening, no effects of the mutation on energy metabo-
lism parameters were reported. The difference in body mass and, possibly, 
body composition indicated that the mutation affected energy regulation. Even 
though the difference in metabolic rate can be explained by differences in 
body composition, increased food intake in mutant mice was noteworthy. It is 
unclear whether the reduction in body temperature is due to lower metabolic 
rate or even a compensatory reduction to reduce energetic needs for heat 
production indicating energy shortage in these mice.  

 
 

3.3.7 Suggestions for Secondary Screening 
 
Due to the differences in energy metabolism parameters detected in the pri-
mary screen we suggest conducting a secondary screen. Firstly, effects of the 
mutation on food intake and energy assimilation should be confirmed and de-
scribed in more detail (measuring food intake of single caged mice over sev-
eral days). During the study body temperature should be monitored. Alto-
gether, the mutation causes a moderate phenotype under ad libitum condi-
tions. Therefore, we suggest conducting a fasting test subsequently to evalu-
ate energy regulation in detail. 
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Table 9: Metabolic Parameters Recorded in the Primary Screen 
Data are presented as mean ± standard error of mean. 

HST012 +/+ HST012 +/- HST012 -/- 2 – Way - ANOVA 
Parameter 

male 
(n=10) 

female
(n=10) 

male 
(n=8) 

female
(n=8) 

male 
(n=10) 

female
(n=10) 

p 
genotype 

p 
sex 

P 
interaction 

Body weight 
[g] 

31.6 ± 
0.6 

28.2 ± 
1.0 

29.0 ± 
0.7 

24.9 ± 
0.6 

26.4 ± 
0.7 

24.0 ± 
0.4 <0.001 <0.001 n.s. 

Rectal body tem-
perature [°C] 

36.62 ± 
0.1 

36.99 ± 
0.1 

36.11 ± 
0.2 

36.63 ± 
0.3 

35.57 ± 
0.2 

36.31 ± 
0.2 < 0.001 < 0.001 n.s. 

Food consumption 
[g day-1] 

5.1 ± 
0.2 

4.9 ± 
0.3 

5.4 ± 
0.2 

4.6 ± 
0.1 

6.1 ± 
0.3 

6.0 ± 
0.3 < 0.001 0.05 n.s. 

O2 consumption, 
mean [ml h -1] 

100.39 
± 2.2 

102.89 
± 3.0 

93.42 ± 
2.5 

92.86 ± 
2.5 

85.78 ± 
1.8 

89.0 ± 
1.9 <0.001 n.s. n.s. 

RER, mean 0.86 ± 
0.01 

0.84 ± 
0.01 

0.88 ± 
0.01 

0.83 ± 
0.01 

0.86 ± 
0.01 

0.85 ± 
0.01 n.s. < 0.001 n.s. 

Minimum metabolic 
rate [mW] 

323.1 
± 11.6 

314.1 
± 18.0 

272.9 
± 7.1 

288.2 
± 6.8 

226.7 
± 7.4 

276.2 
± 7.8 <0.001 <0.05 <0.05 

21 hrs heat produc-
tion [mW] 

570.2 
± 12.8 

575.3 
± 13.6 

532.5 
± 13.2 

519.4 
± 13.6 

487.3 
± 10.4 

501.6 
± 9.7 <0.001 n.s. n.s. 
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3.4 Clinical Chemistry and Hematology 
 
3.4.1 Introduction 
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).  

 
 

3.4.2 Summary 
Twenty-one different clinical-chemical plasma parameters were measured 
including various enzyme activities, as well as plasma concentrations of spe-
cific substrates and electrolytes. Additionally, we determined ten basic hema-
tological parameters and blood gas values. Besides the previously known 
phenotype of impaired kidney function, indicated by increased urea and 
creatinine values, we detected reduced blood lipid values indicating an influ-
ence on energy metabolism, and increased ALP activity and calcium concen-
trations that might be due to changes in bone metabolism. Blood gas analysis, 
hematology and iron metabolism-related parameters revealed subtle changes 
that might be due to secondary effects or simply findings by chance due to 
biological variation. 
 
 
3.4.3 Mice 
Blood gas values of 10 female mice per genotype aged about 11 weeks were 
measured in week 19 of 2008. Groups of male mice, also 10 per genotype, 
were analyzed for blood gas values one week later at the age of about 12 
weeks. Blood gas measurement was repeated using a different method of 
sample collection in week 48 of 2008, using mainly the same mice (some 
males that were killed for the Molecular Phenotyping Screen had to be substi-
tuted) at the age of about 9 month. 

In calendar week 24 of 2008, blood samples for clinical chemistry, hema-
tology and other blood based tests were collected from the male mice at the 
age of 16 to 17 weeks. The female mice were tested one week later. A sec-
ond sample was collected three weeks after the first one. The mice investi-
gated were kept on an inbred C3HeB/FeJ background. 
 
 
3.4.4 Materials and Methods 
 
Blood gas analysis 
Blood pH, oxygen partial pressure and carbon dioxide partial pressure were 
measured in capillary blood collected from the retro-orbital sinus of isoflurane-
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anesthetized mice using non-heparinized capillaries (1.0 mm in diameter; 
Neolab; Munich, Germany) and the ABL5 blood gas analyzer (Radiometer 
GmbH, Willich, Germany). Before sample collection for the first measurement, 
body temperature of each mouse was measured. Thereafter the mouse was 
anesthetized, the retroorbital plexus was punctured using the glass capillary, 
and blood was allowed to drop into a heparin coated sample tube (Li-heparin, 
KABE; Nümbrecht, Germany; Art.No. 078028) and immediately used to de-
termine temperature corrected blood gas values. 
For the second test, body temperature was not determined. This time blood 
leaking from the glass capillary was directly soaked into an 85µl blood gas 
capillary (KABE, Nümbrecht, Germany) and immediately used to determine 
blood gas values at 37°C. 
 
 
Blood Withdrawal and Storage 
For the analysis of blood based parameters blood samples were taken from 
isoflurane-anesthetized mice by puncturing the retro-orbital sinus with non-
heparinized capillaries (1.0 mm in diameter; Neolab; Munich, Germany). The 
time for sample taking was recorded in a work list. Each blood sample was 
divided into two portions. The major portion was collected in a heparinized 
tube (Li-heparin, KABE; Nümbrecht, Germany; Art.No. 078028). The smaller 
portion was collected (using the same capillary) in an EDTA-coated tube 
(KABE, Art.No 078035). Each tube was immediately inverted five times to 
achieve a homogeneous 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, 9503 x g; Biofuge, Heraeus; Hanau, Germany). Plasma was 
distributed between the Immunology Screen (30 µl), the Allergy Screen 
(30 µl), the Clinical Chemical Screen (130 µl) and the Cardio-Vascular Screen 
(residual), 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 9503 x g. In addi-
tion, the Clinical Chemical Screen received the EDTA-blood sample for hema-
tological investigations. 
 
Clinical Chemistry 
The screen was performed using an Olympus AU 400 autoanalyzer and 
adapted reagents from Olympus (Hamburg, Germany). Creatinine was meas-
ured using a kit from Biomed (Oberschleißheim, Germany). In the primary 
screen, 21 different parameters were measured including various enzyme ac-
tivities, as well as plasma concentrations of specific substrates and electro-
lytes. 
 
Hematology 
A volume of 50 µl 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 using the C57BL/6 mouse chip card (ABC-Blutbild-
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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 corpuscu-
lar 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 multiplying the MCV with the red blood cell 
count. Mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglo-
bin concentrations (MCHC) are calculated from hemoglobin/red blood cell 
count (MCH) and hemoglobin/hematocrit (MCHC), respectively.  
 
Second sample analysis 
A second sample was collected from all animals investigated in the first bleed-
ing in order to retest a subset of the parameters measured in the first sample 
to check the reproducibility of the first results and to provide the steroid screen 
with plasma samples for their analyses.  
 
Analysis of Data 
Data were statistically analyzed using Excel and Sigma Stat 3.1 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. 
 
 
3.4.5 Parameters 
 
Proteins and plasma enzyme activities 
Alkaline phosphatase (EC 3.1.3.1), α-Amylase (EC 3.2.1.1), 
Creatine kinase (EC 2.7.3.2), Aspartate-aminotransferase 
(ASAT/ GOT; EC 2.6.1.1), Alanine-aminotransferase (ALAT/ 
GPT; EC 2.6.1.2), Ferritin, Transferrin, Total protein, Albumin 
Plasma concentrations of specific substrates 
Glucose, Cholesterol, Triglycerides, Urea, Creatinine, Non-
esterified fatty acid (NEFA) 
Plasma concentrations of electrolytes 
Potassium, Sodium, Chloride, Calcium, Inorganic phosphate, 
Iron 
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) 
Blood gas analysis 
Body temperature, Blood pH, oxygen partial pressure (pO2), 
Carbon dioxide partial pressure (pCO2), Oxigen saturation 
(sO2), Bicarbonate concentration (HCO3

-), Actual base ex-
cess (ABE)  
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3.4.6 Results 
 
Blood gas analysis 
In the first test, blood pH and pCO2 were significantly influenced by the geno-
type, with the pH being increased and the pCO2 being reduced in heterozy-
gous as well as homozygous mutant animals compared to the wild-type group 
(Table 10). However, pO2 values in general were lower than we usually saw it 
in capillary blood of C3H mice before, suggesting, that a technical problem 
might have led to wrong values. Therefore blood gas analysis was repeated 
using a different method of sample collection in older mice. This time, only the 
female homozygous mutant mice displayed a slightly higher blood pH (Table 
11). 
 
Clinical Chemistry  
In the first test, ANOVA revealed a significant influence of the genotype on 
potassium, calcium, inorganic phosphorus, creatinine, urea, cholesterol, 
triglyceride, NEFA, and transferrin concentrations as well as ALP activity. Ad-
ditionally genotype x sex interactions influenced urea and NEFA values. Po-
tassium, creatinine and urea were increased in both, heterozygous and ho-
mozygous mutants of both sexes, compared to wild-type controls, while cal-
cium levels were elevated in the homozygous group only. Urea values of ho-
mozygous mutant mice were also significantly higher than those of the het-
erozygous group. Blood lipid values - cholesterol, triglycerides and NEFA – as 
well as transferrin concentration were significantly decreased in mutant ani-
mals, heterozygous as well as wild-type. However, in the case of NEFA in fe-
males this was only a tendency. Additionally, ALP activity was significantly 
increased in homozygous mutants of both sexes (Table 12). In the second 
test, the measurement of affected parameters was repeated and magnesium 
and uric acid values were determined additionally. We were able to confirm 
the findings of increased creatinine and urea concentrations, as well as de-
creased blood lipid concentrations, although the differences were less strong 
compared to the first test (Fig. 4). Also the findings of an increased calcium 
concentration and ALP activity in homozygous mutant mice were confirmed 
(Fig. 5). Transferrin this time displayed no significant differences, but iron con-
centration was lower than in controls instead. The increased potassium values 
in mutants were not confirmed. There was only a tendency in female mutants 
pointing to the same direction. Magnesium showed no significant influence of 
the genotype, and for uric acid, only the female homozygous mutant mice dis-
played significantly higher values than female wild-type mice (Table 4). Inter-
estingly, homozygous and heterozygous males showed very similar values for 
many parameters, while in the female group heterozygous animals repre-
sented an intermediate phenotype (Fig. 4 and 5). 
 
Hematology 
In the first test ANOVA revealed a significant influence of the genotype on 
platelet count (PLT), hemoglobin (HGB), hematocrit (HCT), MCV, MCH and 
red cell distribution width (RDW). Additionally RDW was influenced by a sig-
nificant genotype x sex interaction. HGB, HCT and MCV were reduced in 
both, homozygous and heterozygous mutant animals, with the males being 
more affected than the females. The male also showed a tendency towards a 
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reduced red blood cell count. The MCV values of homozygous mutant mice 
were also significantly lower than those of the heterozygous group. PLT, MCH 
and RDW were significantly reduced in homozygous mutants and in the case 
of RDW heterozygous males. For PLT the heterozygous mice showed a ten-
dency to the same direction (Table 13). In the second test, only the findings 
concerning HGB, HCT and MCV were confirmed (Table 14, Fig. 6). 
 
 
3.4.7 Discussion 
  
Blood gas analysis  
The differences seen in blood gas values were very small, and in the first test 
possibly false positive due to technical problems. There might be a tendency 
to develop alkalosis in the mutant animals, but the effect is very small and of 
unclear relevance. There were clearly no major effects on blood gas values. 
 
Clinical Chemistry 
The clinical chemical analyses confirmed the previously known features of 
increased creatinine and urea levels in homozygous mutant animals and 
could show that also heterozygous mutants are affected, showing a similar 
phenotype as the homozygous mice in the male group and an intermediate 
phenotype in the female group. Additionally we could demonstrate an effect 
on blood lipid values that were reduced in both heterozygous and homozy-
gous mutant mice. Fitting to this a reduced body weight and an altered body 
composition were found in the Dysmorphology screen, and the results of the 
Metabolism screen indicated relatively low energy expenditure, if differences 
in body composition are taken into account. All these findings together indi-
cate an influence of the mutation on energy metabolism even in the heterozy-
gous state. The increased calcium and ALP values in homozygous mutant 
animals go with the finding of a reduced bone mineral density (BMD) in the 
Dysmorphology screen, indicating, that bone metabolism is affected, probably 
also even in the heterozygous mice, since the reduction of BMD was also de-
tectable in heterozygous mice. The differences in transferrin and iron were 
very small and might be findings by chance or could indicate small effects on 
iron metabolism. 
 
Hematology 
Differences detected in the hematological investigation were small and repre-
sent most likely secondary effects of uremia – the so called renal anemia – 
which is due to a reduced life span of erythrocytes and reduced erythropoietin 
production. However, the differences seen in iron and transferrin could be a 
hint, that also small changes in iron metabolism might contribute to the 
changes seen in the peripheral red blood cell count. However, since the dif-
ferences are very small, these findings are judged to be secondary effects 
without clinical relevance.  
 
Comparison to baseline data 
Sex-related differences were detected for many parameters, reflecting the 
physiological differences, often observed in various mouse strains (Kile et al., 
2003). The clinical-chemical parameters were situated within the normal varia-
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tion range of C3H mice as supported by previously published data (Hough et 
al., 2002; Loeb and Quimby, 1999; Rathkolb et al., 2000; Kile et al., 2003; 
own unpublished results). 
  
 
3.4.8 Recommendations for Secondary Screening 
We were able to demonstrate an interesting comorbidity affecting kidney func-
tion and energy metabolism (food intake, energy assimilation, body tempera-
ture and energy regulation) in two mutant mouse lines (HST009 and HST012) 
with impaired kidney function and the same is already known for the third line 
HST001. Taken the effects seen in these three lines together, the effect on 
energy metabolism does not seem to be correlated with the severity of kidney 
dysfunction, making a secondary effect unlikely. Therefore more detailed in-
vestigations on the effects on energy metabolism in collaboration with the Me-
tabolism Screen are recommended. Additionally we suggest to measure the 
values of energy metabolism related hormones using the Bioplex system try-
ing to clarify the regulatory pathway connecting kidney function and energy 
metabolism. 
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Table 10: Blood gas analysis, 1st sample.  
Data are presented as mean ± standard error of mean. 

Control Heterozygous Homozygous Group: HST012 
Age: 11-12 
weeks 

(A) (B) (C) 
  ANOVA   

  male female male female male female genotype sex interaction 
number of ani-
mals tested 10 10 10 10 10 10 

p - value p - value p - value 
Temp (°C) - bo-
dy 

38.12 ± 
0.38 

37.94 ± 
0.17 

38.09 ± 
0.28 

38.1 ± 
0.16 

37.68 
± 0.24 

38.08 ± 
0.2 n.s. n.s. n.s. 

pH 7.31 ± 
0.007 

7.32 ± 
0.005 

7.33 ± 
0.01 

7.34 ± 
0.007 

7.33 ± 
0.007 

7.34 ± 
0.007 p<0.05 p<0.05 n.s. 

pCO2 (mmHg) 48.3 ± 
0.94 

46.9 ± 
1.39 

47 ± 
1.26 

41.6 ± 
1.17 

44.5 ± 
1 

42.2 ± 
1.23 p<0.01 p<0.01 n.s. 

pO2 (mmHg) 44.5 ± 
2.73 

49 ± 
2.02 

43.8 ± 
2.34 

48.9 ± 
2.37 

42.2 ± 
2.59 

44.2 ± 
2.59 n.s. p=0.059 n.s. 

sO2 (%) 70.7 ± 
3.54 

77.4 ± 
2.44 

71.1 ± 
2.89 

78.3 ± 
1.97 

70.2 ± 
3.5 

72.3 ± 
3.04 n.s. p<0.05 n.s. 

HCO3- (mmol/l) 23.2 ± 
0.49 

22.9 ± 
0.57 

23.4 ± 
0.5 

21.6 ± 
0.56 

22.4 ± 
0.5 

21.8 ± 
0.53 n.s. p<0.05 n.s. 

ABE (mmol/l) -2.7 ± 
0.56 

-2.6 ± 
0.4 

-2.1 ± 
0.46 

-2.9 ± 
0.5 

-2.7 ± 
0.47 

-2.9 ± 
0.41 n.s. n.s. n.s. 
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Table 11: Blood gas analysis, 2nd sample.  
Data are presented as mean ± standard error of mean. 

Control Heterozygous Homozygous Group: HST012 
Age: 9 months (A) (B) (C) 

  ANOVA   

  male female male female male female genotype sex interaction 
number of ani-
mals tested 10 10 10 10 9 10 

      
Temp (°C) ana-
lysis 37 ± 0 37 ± 0 37 ± 0 37 ± 0 37 ± 0 37 ± 0 n.a. n.a. n.a. 

pH 7.33 ± 
0.009 

7.31 ± 
0.009 

7.34 ± 
0.01 

7.31 ± 
0.01 

7.33 ± 
0.014 

7.35 ± 
0.01 n.s. n.s. p<0.05 

pCO2 (mmHg) 45.5 ± 
1.8 

46.3 ± 
1.53 

45 ± 
1.06 

45.1 ± 
1.51 

46.2 ± 
0.95 

42.6 ± 
0.78 n.s. n.s. n.s. 

pO2 (mmHg) 63.8 ± 
7.24 

57.2 ± 
1.41 

56.8 ± 
5.48 

51.8 ± 
2.16 

48.8 ± 
2.25 

51.8 ± 
1.94 n.s. n.s. n.s. 

sO2 (%) 87.4 ± 
1.85 

81.4 ± 
5.02 

84.1 ± 
2.81 

82.3 ± 
2.12 

80.1 ± 
2.21 

84 ± 
1.69 n.s. n.s. n.s. 

HCO3- (mmol/l) 22.3 ± 
1.46 

22.5 ± 
0.72 

23.5 ± 
0.56 

22.2 ± 
0.57 

23.89 
± 0.63 

23 ± 
0.47 n.s. n.s. n.s. 

ABE (mmol/l) -2.4 ± 
0.52 

-3.4 ± 
0.56 

-2.1 ± 
0.57 

-3.6 ± 
0.58 

-1.9 ± 
0.74 

-2 ± 
0.56 n.s. n.s. n.s. 
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Table 12: Clinical Chemistry, 1st sample.  
Data are presented as mean ± standard error of mean. 

Control Heterozygous Homozygous Group: HST012 
Age 16 weeks (A) (B) (C) 

  ANOVA   

  male female male female male female genotype sex interaction 
number of animals 
tested 10 10 10 10 10 10 

p - value p - value p - value 

Sodium [mmol/l] 
152 ± 
1.19 

147.8 ± 
1.28 

152.8 ± 
0.68 

147.4 ± 
0.73 

153.8 
± 1.25 

147 ± 
0.86 n.s. p<0.001 n.s. 

Potassium [mmol/l] 
4.34 ± 
0.09 

4.1 ± 
0.06 

4.56 ± 
0.06 

4.44 ± 
0.05 

4.6 ± 
0.13 

4.42 ± 
0.09 p<0.01 p<0.05 n.s. 

Calcium [mmol/l] 2.2 ± 0.02
2.31 ± 
0.02 

2.19 ± 
0.03 

2.32 ± 
0.02 

2.31 ± 
0.03 

2.35 ± 
0.02 p<0.01 p<0.001 n.s. 

Chloride [mmol/l] 
108.2 ± 

1.2 
107.8 ± 

0.61 
109.6 ± 

0.64 
107.2 ± 

0.66 
109.7 
± 1.03 

106.8 ± 
0.7 n.s. p<0.01 n.s. 

inorg. Phosphorus 
[mmol/l] 1.4 ± 0.09

1.26 ± 
0.08 

1.08 ± 
0.06 

1.02 ± 
0.1 

1.2 ± 
0.1 

1.1 ± 
0.09 p<0.05 n.s. n.s. 

Total Protein [g/dl] 
5.28 ± 
0.07 

5.3 ± 
0.09 

5.2 ± 
0.04 

5.18 ± 
0.05 

5.32 ± 
0.12 

5.22 ± 
0.08 n.s. n.s. n.s. 

Albumin [g/dl] 
2.8 ± 
0.042 

2.9 ± 
0.045 

2.782 ± 
0.033 

2.86 ± 
0.031 

2.9 ± 
0.045 

2.88 ± 
0.053 n.s. n.s. n.s. 

Creatinine [mg/dl] 
0.142 ± 

0.02 
0.155 ± 

0.01 
0.201 ± 

0.01 
0.213 ± 

0.01 
0.202 
± 0.02 

0.242 ± 
0.02 p<0.001 n.s. n.s. 

Urea [mg/dl] 
59.5 ± 
1.43 

60.2 ± 
2.95 

69 ± 
1.41 

76.6 ± 
2.8 

106.8 
± 2.64 

94.6 ± 
2.76 p<0.001 n.s. p<0.001 

Cholesterol [mg/dl] 
155.9 ± 

4.67 
126.4 ± 

4.63 
134.6 ± 

3.15 
112.5 ± 

2.69 
140.9 
± 4.86 

115 ± 
3.33 p<0.001 p<0.001 n.s. 

Triglycerides 
[mg/dl] 

294 ± 
23.8 

293 ± 
24.3 

194 ± 
14.7 

250 ± 
17.9 

200 ± 
18 

192 ± 
22.1 p<0.001 n.s. n.s. 
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Table 12: Clinical Chemistry, 1st sample.  
Data are presented as mean ± standard error of mean. 

NEFA [mmol/l] 
3.62 ± 
0.11 

1.44 ± 
0.06 

2.95 ± 
0.09 

1.28 ± 
0.08 

3.11 ± 
0.16 

1.33 ± 
0.03 p<0.001 p<0.001 p<0.05 

LDH [U/l] 
227.4 ± 
39.12 

230.2 ± 
17 

250.8 ± 
35.11 

239.3 ± 
11.1 

308.5 
± 

44.28 
215.2 ± 
12.91 n.s. n.s. n.s. 

ALAT [U/l] 20 ± 0.89
22.6 ± 
1.46 

20.8 ± 
3.3 

20.8 ± 
1.16 

28.6 ± 
3.88 

21 ± 
1.87 n.s. n.s. n.s. 

ASAT [U/l] 
42.2 ± 
1.94 

47.2 ± 
3.21 

48.8 ± 
6.07 

49.6 ± 
2.98 

63.2 ± 
9.44 

51.2 ± 
3.45 p=0.059 n.s. n.s. 

ALP [U/l] 
97.4 ± 
2.68 

118.2 ± 
5.21 

97.6 ± 
3.17 

126.4 ± 
3.26 

115.8 
± 2.72 

134.4 ± 
5.69 p<0.001 p<0.001 n.s. 

α-Amylase [U/l] 
613 ± 
18.7 

532 ± 
10.8 

600 ± 
19.3 

527 ± 
10.2 

599 ± 
19.2 

557 ± 
12.6 n.s. p<0.001 n.s. 

Glucose [mg/dl] 142.6 ± 9
130.9 ± 

9.2 
144.2 ± 

14.1 
138.5 ± 

5.5 
133.6 
± 11.4 

144.7 ± 
7.2 n.s. n.s. n.s. 

Ferritin [ng/ml] 
26.1 ± 
0.96 

29.7 ± 
1.57 

26.8 ± 
3.45 

29.8 ± 
2.81 

60 ± 
35.44 

28.2 ± 
3.06 n.s. n.s. n.s. 

Transferrin [mg/dl] 
132.8 ± 

1.16 
132.8 ± 

1.96 
128.8 ± 

1.03 
128.6 ± 

1.28 
130.7 
± 1.99 

127.4 ± 
1.03 p<0.05 n.s. n.s. 

Iron [µg/dl] 
183.7 ± 

7.21 
174.8 ± 

5.15 
180.9 ± 

5.29 
183.3 ± 
10.44 

182.1 
± 5.75 

158.3 ± 
5.88 n.s. n.s. n.s. 
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Table 13: Clinical Chemistry, 2nd sample.  
Data are presented as mean ± standard error of mean. 

Control Heterozygous Homozygous Group: HST012 
Age 19 weeks (A) (B) (C) 

  ANOVA   

  male female male female male female genotype sex interaction 
Number of ani-
mals tested 6 10 10 10 6 10 

 p - value p - value p - value 
Potassium 
[mmol/l] 4.7 ± 0.1 4.28 ± 0.09

4.68 ± 
0.05 

4.52 ± 
0.11 4.73 ± 0.07 4.48 ± 0.08 n.s. p<0.001 n.s. 

Calcium [mmol/l] 2.31 ± 0.02 2.28 ± 0.02
2.27 ± 
0.01 

2.32 ± 
0.01 2.35 ± 0.02 2.34 ± 0.01 p<0.001 n.s. p<0.05 

Magnesium 
[mmol/l] 0.78 ± 0.03 0.85 ± 0.02

0.75 ± 
0.01 

0.87 ± 
0.02 0.79 ± 0.02 0.9 ± 0.01 n.s. p<0.001 n.s. 

inorg. Phospho-
rus [mmol/l] 1.1 ± 0.11 1.22 ± 0.09

0.98 ± 
0.07 

1.32 ± 
0.13 1.03 ± 0.06 1.16 ± 0.09 n.s. p<0.05 n.s. 

Uric Acid [mg/dl] 
1.11 ± 
0.071 

1.56 ± 
0.053 

1.28 ± 
0.236 

1.66 ± 
0.124 

1.13 ± 
0.051 

1.91 ± 
0.103 n.s. p<0.001 n.s. 

Creatinine 
[mg/dl] 

0.176 ± 
0.01 

0.146 ± 
0.02 

0.186 ± 
0.01 

0.186 ± 
0.02 

0.187 ± 
0.01 

0.233 ± 
0.01 p<0.01 n.s. p<0.05 

Urea [mg/dl] 70.4 ± 5.09 54.7 ± 2.44
70.2 ± 

2.2 
72.3 ± 
1.96 97.7 ± 7.37 91 ± 2 p<0.001 p<0.05 p<0.05 

Cholesterol 
[mg/dl] 176.5 ± 8.4 133.6 ± 3.3

159.4 ± 
3.18 

128 ± 
5.02 

167.7 ± 
5.37 

123.7 ± 
2.74 p<0.05 p<0.001 n.s. 

Triglycerides 
[mg/dl] 284 ± 34.6 340 ± 29.2 

222 ± 
13.7 

304 ± 
23.4 231 ± 34.8 242 ± 22.8 p<0.05 p<0.05 n.s. 

NEFA [mg/dl] 1.92 ± 0.12 1.91 ± 0.08
1.63 ± 
0.06 

1.72 ± 
0.09 1.77 ± 0.13 1.67 ± 0.06 p<0.05 n.s. n.s. 

ALP [U/l] 
100.7 ± 

3.33 117.8 ± 8 
90.4 ± 

3.9 
128.8 ± 

5.68 116 ± 4.59 
143.2 ± 

6.92 p<0.01 p<0.001 n.s. 
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Table 13: Clinical Chemistry, 2nd sample.  
Data are presented as mean ± standard error of mean. 

Ferritin [ng/ml] 21.2 ± 4.96 22.8 ± 1.2 
18.5 ± 
1.74 

23.4 ± 
2.38 

80.9 ± 
61.94 24.1 ± 1.31 n.s. n.s. n.s. 

Transferrin 
[mg/dl] 136 ± 3.32 

135.3 ± 
1.71 

136.3 ± 
2.6 

134.5 ± 
1.6 

133.7 ± 
1.94 

134.2 ± 
1.21 n.s. n.s. n.s. 

Iron [µg/dl] 
209.8 ± 

8.08 
256.6 ± 
12.71 

191.5 ± 
3.98 

221.5 ± 
7.68 

176.1 ± 
4.32 

207.5 ± 
3.94 p<0.001 p<0.001 n.s. 
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Table 14: Hematology, 1st sample.  
Data are presented as mean ± standard error of mean. 

Control Heterozygous Homozygous Group HST012 
Age 16 weeks (A) (B) (C) 

  ANOVA   

  male female male female male female genotype sex interaction 
number of animals 
tested 10 10 10 10 10 10 

p - value p - value p - value 
WBC [10³/µl] 6.07 ± 0.39 6.09 ± 0.48 5.97 ± 0.32 5.78 ± 0.39 6.68 ± 0.34 6.46 ± 0.4 n.s. n.s. n.s. 

RBC [106/µl] 9.31 ± 0.05 8.59 ± 0.1 9.01 ± 0.09 8.59 ± 0.09 8.99 ± 0.11 8.64 ± 0.1 n.s. p<0.001 n.s. 

PLT [10³/µl] 812 ± 12.8 830 ± 22.6 793 ± 12.3 793 ± 12 732 ± 21.9 780 ± 20.9 p<0.01 n.s. n.s. 

Hemoglobin [g/dl] 14.8 ± 0.09 14.3 ± 0.17 14.1 ± 0.06 14.1 ± 0.15 14 ± 0.1 14.1 ± 0.13 p<0.001 n.s. p=0.064 

Hematocrit [%] 49.5 ± 0.24 45.8 ± 0.57 46.9 ± 0.47 45.2 ± 0.44 46.3 ± 0.49 44.8 ± 0.58 p<0.001 p<0.001 P=0.05 

MCV [fl] 53 ± 0.26 53.4 ± 0.27 52.1 ± 0.23 52.7 ± 0.15 51.5 ± 0.31 51.9 ± 0.23 p<0.001 p<0.05 n.s. 

MCH [pg] 15.9 ± 0.14 16.7 ± 0.1 15.7 ± 0.1 16.5 ± 0.07 15.5 ± 0.12 16.3 ± 0.11 p<0.01 p<0.001 n.s. 

MCHC [g/dl] 29.9 ± 0.18 31.3 ± 0.12 30.2 ± 0.19 31.3 ± 0.11 30.2 ± 0.14 31.5 ± 0.2 n.s. p<0.001 n.s. 

RDW [% of MCV] 13.9 ± 0.08 13.9 ± 0.06 13.5 ± 0.08 13.9 ± 0.15 13.6 ± 0.04 13.5 ± 0.13 p<0.01 n.s. p<0.05 

MPV [fl] 5.59 ± 0.07 5.64 ± 0.08 5.58 ± 0.13 5.52 ± 0.08 5.56 ± 0.12 5.61 ± 0.07 n.s. n.s. n.s. 
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Table 15: Hematology, 2nd sample.  
Data are presented as mean ± standard error of mean. 

Control Heterozygous Homozygous Group HST012 
Age 19 weeks (A) (B) (C) 

  ANOVA   

  male female male female male female genotype sex interaction 
number of animals 
tested 6 10 10 10 6 10 

p - value p - value p - value 
WBC [10³/µl] 6.3 ± 0.48 5.76 ± 0.5 5.64 ± 0.31 5.45 ± 0.35 6.46 ± 0.45 6.21 ± 0.26 n.s. n.s. n.s. 

RBC [106/µl] 8.79 ± 0.14 9.03 ± 0.1 8.44 ± 0.07 8.91 ± 0.08 8.56 ± 0.16 8.91 ± 0.1 n.s. p<0.001 n.s. 

PLT [10³/µl] 759 ± 37.4 786 ± 22 797 ± 22.9 769 ± 24.7 726 ± 28.5 734 ± 20.9 n.s. n.s. n.s. 

Hemoglobin [g/dl] 14.5 ± 0.08 14.8 ± 0.15 14 ± 0.14 14.3 ± 0.09 14.2 ± 0.32 14.3 ± 0.17 p<0.05 n.s. n.s. 

Hematocrit [%] 46.6 ± 0.57 48.2 ± 0.49 44.5 ± 0.5 46.9 ± 0.37 45.3 ± 0.99 46.4 ± 0.57 p<0.01 p<0.001 n.s. 

MCV [fl] 53 ± 0.45 53.6 ± 0.27 52.5 ± 0.27 52.6 ± 0.27
52.83 ± 

0.48 52.2 ± 0.33 p<0.05 n.s. n.s. 

MCH [pg] 16.6 ± 0.18 16.4 ± 0.11 16.6 ± 0.1 16.1 ± 0.09 16.6 ± 0.18 16 ± 0.16 n.s. p<0.001 n.s. 

MCHC [g/dl] 31.2 ± 0.23 30.6 ± 0.17 31.6 ± 0.12 30.6 ± 0.11 31.3 ± 0.12 30.8 ± 0.19 n.s. p<0.001 n.s. 

RDW [% of MCV] 14.5 ± 0.26 14.5 ± 0.14 14.4 ± 0.13 14.7 ± 0.16 14.5 ± 0.19 14.5 ± 0.16 n.s. n.s. n.s. 

MPV [fl] 5.61 ± 0.14 5.63 ± 0.09 5.48 ± 0.07 5.64 ± 0.07 5.52 ± 0.18 5.68 ± 0.11 n.s. n.s. n.s. 
 



Confidential Data 43

Creatinine [mg/dl]

0

0,05

0,1

0,15

0,2

0,25

0,3

male female

 

Urea [mg/dl]

0

20

40

60

80

100

120

male female

 
Cholesterol [mg/dl]

0

20
40

60
80

100

120
140

160
180

200

male female

 

Triglycerides [mg/dl]]

0

50

100

150

200

250

300

350

400

male female

 
Figure 4: Clinical chemistry of HST012 mice: Creatinine, urea and blood lipid values measured in the first and second samples; 
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Figure 5: Clinical chemistry of HST012 mice; Calcium concentrations and ALP activities measured in the first and second samples 
 
WT blue, Heterozygous purple, homozygous pink 
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Figure 6: Hematology of HST012 mice; Hemoglobin and MCV measured in the first and second samples 
 
WT blue, Heterozygous purple, homozygous pink 
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3.5 Immunology Screen 
 
3.5.1 Introduction 
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). In primary screen we measure leukocyte populations in peripheral 
blood and immunoglobulin levels in blood plasma.  

The proportions of leukocyte populations in peripheral blood are ge-
netically regulated (eg. Mice: Chen and Harrison 2002; Men: Hall, et al., 
2000,). As a consequence, inbred strains differ in the frequency of leukocyte 
subsets in the lymphoid organs and in peripheral blood. Moreover, several CD 
antigens are restricted to specific mouse strains (eg. Carlyle et al., 2006) or 
interstrain differences occur concerning the level of expression of certain CD 
antigens (eg. Haegel and Ceredig 2005). Strain specific differences in the 
immune response are further reflected in different susceptibilities to infectious 
agents (eg. Medina et al., 2001).  

In individual mice, the number of circulating leukocytes and the propor-
tions of subpopulations show daily rhythmic variations (Yellon and Tran 1992) 
and depend further on homeostatic proliferation and/or retraction (Freitas and 
Rocha 2000), as well as on activation through environmental and/or microbial 
factors (eg. Grewal et al., 1997), which might be related to subtle behavioral 
characteristics (eg. Kim et al. 1999). Furthermore, sex-dependent factors are 
documented to influence the immune status (Krzych et al., 1978) and have an 
impact on infection susceptibility (Pasche et al., 2005). 

The levels of Ig classes and IgG isotypes are characteristic of a special 
inbred mouse strains and seem to underlie genetic control mechanisms 
(Sant'Anna et al., 1985).  

 
3.5.2 Summary 
A statistically higher expression of CD62L within the CD8 cell cluster occurred 
in female mutants. In male mutant mice, the proportion of Ly6C expressing 
cells within the CD8+ T-cell cluster was decreased, in females a higher pro-
portion of Ly6C, CD44 co-expressing CD8 T-cells was found. The analysis of 
the blood plasma did showed slightly higher levels of IgG2a antibodies in fe-
male HST012 mutant mice. 
 
3.5.3 Mice 
We analyzed 20 mutant (10 females and 10 males) and twenty (10 females 
and 10males) of age- and sex-matched littermate controls. 
 
3.5.4 Material and Methods 
Peripheral blood leukocytes (PBLs) were isolated from 500 µl blood by eryth-
rocyte lysis with NH4Cl (0.17M) - Tris buffer (pH 7.45) directly in 96-well mi-
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crotiter 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 identifica-
tion of dying/dead cells (Zamei et al., 1996), which might bind antibodies un-
specifically, and/or loose specific antigens upon apoptosis (Diaz et al., 2004).  
Samples were acquired automatically from 96 well plates with an HTS on a 
LSRII flow cytometer (Becton Dickinson, USA) until a total number of 30000 
living CD45+ cells is reached for each well. For analysis, intact cells are first 
identified by their FSC/SSC profile. These cells were gated on the basis of 
their propidium iodide/PE signal (compensated parameters), allowing the 
dead cells to be gated out. Living cells were then gated using their SSC/CD45 
signal, gating out remaining erythrocytes, thrombocytes and debris (Weaver 
and Broud 2002). CD45+ cells are subsequently analyzed by software based 
analysis (Flowjo, TreeStar Inc, USA). In former experiments, FMO (Fluores-
cence minus one) controls from wt mice have been used to define ‘positive’ 
and ‘negative’ regions (Baumgarth and Roederer, 2000). 

The plasma levels of IgM, IgG1, IgG2a, IgG2b, IgG3, and IgA were de-
termined simultaneously in the same sample using a bead-based assay (Ful-
ton et al., 1997) with monoclonal anti-mouse antibodies conjugated to beads 
of different regions (Biorad, USA), and acquired on a Bioplex reader (Biorad). 
The presence of rheumatoid factor and anti-DNA antibodies was evaluated by 
indirect ELISA with rabbit IgG (Sigma-Aldrich, Steinheim, Germany) and calf 
thymus DNA (Sigma-Aldrich), respectively, as antigens and AP-conjugated 
goat anti-mouse secondary antibody (Sigma-Aldrich). Serum samples from 
MRL/MpJ-Tnfrsf6lpr mice (Jackson Laboratory, Bar Harbor, USA) were used 
as positive controls in the autoantibody assays. 
 
3.5.5 Parameters 
 
Flow cytometry 
measured parameters and defined cell populations 
Main lineages: 
Staining 1: T-cells (CD3+), CD4+ T-cells, CD8+ T-cells, γ/δ T-cells 
(CD3+ γ/δ TCR+), T reg cells (CD4+CD25+), 
Staining 2: NK cells (NK1.1+ CD5-).B-cells (CD19+), B1 B-cells 
(CD19+CD5+), mature B-cells (CD19+IgD+), granulocytes 
(CD11b+Gr1++),  
Subpopulations: 
Further subpopulations are identified by bi-variate gating with the 
following markers:  
Staining 1: CD25, CD62L, Ly-6C, CD44. 
Staining 2: CD19+ cells: IgD, B220, CD11b, MHC-II(I-A, I-E), CD5, 
Gr1; CD19- cells: Gr1, B220, CD5, MHCII, CD11b.  
Bioplex/ELISA 
IgM, IgG1, IgG2b, IgG2a IgG3, IgA; anti-DNA antibodies, rheumatoid 
factor 
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3.5.6 Results and Discussion 
The analysis of HST012 mutant mice in the primary Immunology Screen re-
vealed no statistically significant differences in the frequencies of main leuko-
cyte populations between mutant mice compared to controls.  
 
A statistically higher expression of CD62L within the CD8 cell cluster occurred 
in female mutants. In male mutant mice, the proportion of Ly6C expressing 
cells within the CD8+ T-cell cluster was decreased (Table 16). These findings 
ocurred also, comparing heterozygous mutant mice with controls. CD62L, L-
selectin, is an essential molecule for the homing of naïve T-cells to lym-
phnodes (Rosen 2004). The higher expression of CD62L on T-cells hints to a 
more ‘naïve’ T-cell phenotype, as CD62L mostly gets lost upon activation. In 
our screening experiences, some variability in the expression of CD62L on T-
cells is a frequently occurring phenomenon. High CD62L expression in pe-
ripheral blood from humans has been further related to panic disorder (Manfro 
et al. 2000) and nephropathy (De March et al. 1999).  
 
Ly6C expression on T-cell has most often been related to memory T-cells or 
to homeostasis-driven proliferated T-cells, which co-express Ly6C and CD44 
(Goldrath et al.2000). HST012 male mutants did not show a lower proportions 
of Ly6C and CD44 co-expressing T-cells, however, female mutant mice 
showed a inverse trend, and a significantly higher proportion of CD44+Ly6C 
co-expressing CD8 T-cells (Table 17). 
 
Analysis of the plasma immune globulin levels did show slightly higher levels 
of IgG2a in mutant females compared to controls. However, the relevance of 
this small difference is unclear. Moreover, we saw very high antibody levels in 
male mice, both mutants and controls (Table 18).  
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Table 16: Basic parameters analyzed in the Immunology Screen. Flow Cytometry 
Frequencies of main leukocyte subsets in blood of male and female HST012 homozygous mutant and control
mice [% of CD45+viable leukocytes, respectively of parent gate].  
 

 
 

Control 
(A) 

Mutant -/- 
(B) 

A ~ B 

Parameter Male Female  Male Female  Male Female 
 (n=9) (n=10) p - value (n=10) (n=10) p - value p - value p - value 

Tcells(C
D3) 27 ± 1.34 37.8 ± 1.15 p<0.001 31.1 ± 1.99 35.9 ± 2.25 n.s. n.s. n.s. 

8+Tcells 10.17 ± 0.57 13.52 ± 0.41 p<0.001 11.47 ± 0.67 13.36 ± 0.74 n.s. n.s. n.s. 

4+Tcells 15.23 ± 0.85 21.66 ± 0.69 p<0.001 17.57 ± 1.46 20.59 ± 1.5 n.s. n.s. n.s. 

gdTcells 0.7 ± 0.07 1.3 ± 0.1 p<0.001 0.9 ± 0.06 1.2 ± 0.08 p<0.01 n.s. n.s. 

4+/Tregs 2.62 ± 0.31 3.17 ± 0.12 n.s. 2.56 ± 0.17 3.15 ± 0.23 n.s. n.s. n.s. 

4+/44+ 48.42 ± 2.11 59.29 ± 0.45 p<0.001 50.96 ± 1.33 58.59 ± 0.62 p<0.001 n.s. n.s. 

4+/62L+ 
17.836 ± 

2.643 
12.254 ± 

1.955 n.s. 
23.77 ± 
2.414 

18.602 ± 
2.54 n.s. n.s. n.s. 

4+/6C+ 2.2 ± 0.27 2.8 ± 0.18 n.s. 2.2 ± 0.2 2.3 ± 0.16 n.s. n.s. n.s. 

8+/44+ 42.88 ± 3.18 53.54 ± 0.62 p<0.01 39.06 ± 4.02 51.9 ± 0.6 p<0.05 n.s. n.s. 

8+/62L+ 28.2 ± 2.99 29.5 ± 3.08 n.s. 33.6 ± 1.91 39.8 ± 3.56 n.s. n.s. p<0.05 

8+/6C+ 49 ± 1.2 45 ± 0.9 p<0.05 43 ± 1 43 ± 1.3 n.s. p<0.01 n.s. 

ln4-ln8 0.4 ± 0.04 0.5 ± 0.02 n.s. 0.4 ± 0.04 0.4 ± 0.03 n.s. n.s. n.s. 

Bcells 33.9 ± 1.92 21.6 ± 0.93 p<0.001 34.9 ± 2.41 21.4 ± 0.86 p<0.001 n.s. n.s. 

19+/IgD 92.6 ± 0.49 90.6 ± 0.58 p<0.05 93.3 ± 0.35 89.8 ± 0.78 p<0.01 n.s. n.s. 
Granulo-
cytes 22.6 ± 2.29 25.5 ± 1.3 n.s. 19.1 ± 2.26 25.7 ± 2.1 p<0.05 n.s. n.s. 

NKTcells 0.46 ± 0 0.7 ± 0 p<0.001 0.46 ± 0 0.73 ± 0 p<0.001 n.s. n.s. 

NK 6.1 ± 0.3 6.5 ± 0.3 n.s. 4.9 ± 0.3 7.2 ± 0.4 p<0.001 p<0.05 n.s. 
Monos 
(CD11b+NK-
nonGr) 9.8 ± 0.79 11.7 ± 0.79 n.s. 8.6 ± 0.44 11.2 ± 0.42 p<0.001 n.s. n.s. 
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Table 17: Basic parameters analyzed in the Immunology Screen. Flow Cytometry 
Frequencies of main leukocyte subsets in blood of male and female HST012 heterozygous mutant and control 
mice [% of CD45+viable leukocytes, respectively of parent gate].  
 

 
 

Control 
(A) 

 

Mutant heterozygous 
(B) 

 

A ~ B  

Parameter Male Female   Male Female   Male Female 
 9 10 p - value 10 10 p - value p - value p - value 

Tcells 
(CD3) 27 ± 1.34 37.8 ± 1.15 p<0.001 28.3 ± 1.72 36.4 ± 1.08 p<0.01 n.s. n.s. 

8+Tcells 10.17 ± 0.57 13.52 ± 0.41 p<0.001 10.55 ± 0.64 13.31 ± 0.25 p<0.01 n.s. n.s. 

4+Tcells 15.23 ± 0.85 21.66 ± 0.69 p<0.001 15.92 ± 1.27 20.5 ± 0.92 p<0.01 n.s. n.s. 

gdTcells 0.7 ± 0.07 1.3 ± 0.1 p<0.001 0.8 ± 0.07 1.3 ± 0.07 p<0.001 n.s. n.s. 

4+/Tregs 2.62 ± 0.31 3.17 ± 0.12 n.s. 2.84 ± 0.12 3.29 ± 0.2 n.s. n.s. n.s. 

4+/44+ 48.42 ± 2.11 59.29 ± 0.45 p<0.001 50.73 ± 2.06 59.57 ± 0.4 p<0.01 n.s. n.s. 

4+/62L+ 
17.836 ± 

2.643 
12.254 ± 

1.955 n.s. 21.19 ± 2.102
19.989 ± 

2.428 n.s. n.s. p<0.05 

4+/6C+ 2.2 ± 0.27 2.8 ± 0.18 n.s. 2.3 ± 0.28 2.9 ± 0.15 n.s. n.s. n.s. 

8+/44+ 42.88 ± 3.18 53.54 ± 0.62 p<0.01 42.29 ± 3.58 52.15 ± 0.56 p<0.05 n.s. n.s. 

8+/62L+ 28.2 ± 2.99 29.5 ± 3.08 n.s. 33.2 ± 3.05 39 ± 2.79 n.s. n.s. p<0.05 

8+/6C+ 49 ± 1.2 45 ± 0.9 p<0.05 44 ± 1.1 40 ± 1.2 p<0.05 p<0.01 p<0.01 

ln4-ln8 0.4 ± 0.04 0.5 ± 0.02 n.s. 0.4 ± 0.03 0.4 ± 0.05 n.s. n.s. n.s. 

Bcells 33.9 ± 1.92 21.6 ± 0.93 p<0.001 31.8 ± 1.64 21.3 ± 1.41 p<0.001 n.s. n.s. 

19+/IgD 92.6 ± 0.49 90.6 ± 0.58 p<0.05 93.9 ± 0.46 92.1 ± 0.61 p<0.05 n.s. n.s. 

Granulocytes 22.6 ± 2.29 25.5 ± 1.3 n.s. 19.8 ± 2.54 27.4 ± 1.74 p<0.05 n.s. n.s. 

NKTcells 0 ± 0 1 ± 0 p<0.001 0 ± 0 1 ± 0 p<0.001 n.s. n.s. 

NK 6.1 ± 0.3 6.5 ± 0.3 n.s. 6.2 ± 0.5 6.8 ± 0.5 n.s. n.s. n.s. 
Monos 
(CD11b+NK-
nonGr) 9.8 ± 0.79 11.7 ± 0.79 n.s. 9.4 ± 0.47 11.5 ± 0.64 p<0.05 n.s. n.s. 
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Table 18: Basic parameters analyzed in the Immunology Screen. Flow Cytometry 
Frequencies of CD8 T-cell subsets in blood of male and female HST012 mutant and control mice [% of CD8+T-
cells, respectively of parent gate]. 

 
 

Males 
 

Females 
 

T-Test 

Parameter Control +/- -/- Control +/- -/- Males Females 
 (n=9) (n=10) (n=10) (n=10) (n=10) (n=10) p - value p - value 

8a+3+/ 
Ly6C+ 49 ± 1.2 44.1 ± 1.1 43 ± 1.01

39.8 ± 
1.22 44.8 ± 0.87 42.5 ± 1.34 

Control ~ 
+/-.  -/- 
p<0.01 

Control ~
+/- 

p<0.01 
8a+3+ 
Ly6C+/ 
CD44+ 

44.92 ± 
3.07 44.7 ± 3.24 

41.76 ± 
3.77 

54.48 ± 
0.74 

55.62 ± 
0.63 53.49 ± 0.5 

n.s. Control ~  -
/- 

p<0.05 

8a+3+/ 
Ly6C+ 
CD44+ 

21.87 ± 
1.31 

19.73 ± 
1.56 

18.11 ± 
1.84 

21.76 ± 
0.89 

24.93 ± 
0.64 

22.78 ± 
0.79 

 
n.s. 

Control ~ 
+/-. -/- 
p<0.05 

 
 

Table 19: Basic parameters analyzed in the Immunology Screen. Bioplex/ELISA 
Concentration [µg/ml] of antibodies of different isotypes, and levels of autoantibodies (OD) in blood plasma from 
mutant and controls mice 

 
 

Males 
 

Females 
 

T-Test 

Parameter Control +/- -/- Control +/- -/- Males Females 
 (n=10) (n=10) (n=10) (n=10) (n=10) (n=10) p - value p - value 

IgG1 
23889.8 ± 

487.11 
23844.4 ± 

338.75 
23884.2 ± 

482.23 
242.5 ± 
23.81 

306.7 ± 
48.35 227.9 ± 23 

n.s. n.s. 

IgG2a 
3088.3 ± 
122.15 

2679.6 ± 
226.59 

2954.45 ± 
193.69 

458.32 ± 
40.26 

554.38 ± 
84.59 

596.71 ± 
46.37 

n.s. control 
versus -/- 

p<0.05 

IgG2b 
4148 ± 
458.96 

4738.45 ± 
428.4 

5342.4 ± 
627.44 

1484.85 ± 
182.8 

1311.78 ± 
92.39 

1373.19 ± 
225.75 

 
n.s. 

 
n.s. 

IgG3 
7112.8 ± 
172.87 

6693.9 ± 
432.48 

6814.8 ± 
181.09 

295.9 ± 
53.53 

382.3 ± 
89.78 

289.4 ± 
61.44 

n.s. n.s. 

IgM 
7783.85 ± 

355.66 
8016.95 ± 

448.89 
7773.6 ± 
221.74 

813.16 ± 
99.8 

874.94 ± 
99.11 

795.35 ± 
73.39 

n.s. n.s. 

IgA 
13007.8 ± 

475.63 
12889.4 ± 

356.2 
13099.6 ± 

397.35 
897.46 ± 

73.45 
960.98 ± 

134 
1023.53 ± 

102.64 
n.s. n.s. 

 Anti- D N A 
0.673 ± 
0.048 0.643 ± 0.06 

0.631 ± 
0.044 

1.217 ± 
0.071 

1.169 ± 
0.044 

1.223 ± 
0.085 

n.s. n.s. 

Rheumatoid 
factor 0.1 ± 0.02 0.1 ± 0.03 0.1 ± 0.02 0.5 ± 0.04 0.6 ± 0.07 

0.5 ± 0.02 
 

n.s. n.s. 
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3.6 Allergy Screen 
 
3.6.1 Introduction 
The goal of the Allergy screen within the German Mouse Clinic (GMC) is to 
search for IgE mutants in order to establish mouse models for allergic dis-
eases and to find new strategies for antiallergic therapy. IgE-mediated atopic 
disorders such as allergic asthma, allergic rhinitis, and atopic dermatitis are 
now considered as environmentally and exposure driven immune disorders 
leading to the expression of various clinical phenotypes in individuals with de-
fined genetic risk profiles (Arruda et al., 2005; Kabesch 2006). Genome 
screens with classical linkage and fine mapping approaches suggest that sus-
ceptibility to asthma is determined by multiple genes with each gene having a 
moderate dose effect (Wjst et al., 1999). In this respect, the development of 
phenotypically and genotypically defined animal models will be an important 
step (Bochner and Busse 2005). To detect allergy prone mouse mutants in 
systematic screening efforts, total plasma IgE was established as a powerful 
screening parameter (Alessandrini et al., 2001; Jakob et al., 2007). 
 
 
3.6.2 Summary 
The analysis did not reveal any differences in plasma IgE between knockout 
and control mice.  

 
 

3.6.3 Mice 
An age- and sex-matched group of 20 controls and 20 heterozygous mutant 
and 19 homozygous mutant animals at the age of 14 weeks were analyzed in 
the Allergy Screen. 
 
 
3.6.4 Material and Methods 
Fourteen-week-old male and female mice were screened for alterations in 
plasma total IgE concentrations. Blood samples were taken from animals by 
puncturing the retroorbital plexus under isoflurane anesthesia.  

Plasma was analyzed for total IgE, using a classical immunoassay iso-
type-specific sandwich ELISA. In brief, microtiter plates (96-well) were coated 
with 10 µg/ml anti-mouse-IgE rat monoclonal IgG (clone-PC284, The Binding 
Site) to detect total IgE. Serum samples were diluted 1:10 and standards for 
murine IgE (Mouse IgE, k clone C38-2 BD Pharmingen™) were appropriately 
diluted. As secondary antibodies, biotinylated rat anti-mouse IgE (clone R35-
118, BD Pharmingen™) were used followed by incubation with BD OptEIA 
Reagent Set B (Cat. No. 550534 BD Pharmingen™) Plates were analyzed 
using a standard micro well ELISA reader at 450 nm. Total murine IgE data 
are reported in ng/ml, based on a standard curve of purified murine IgE (Ales-
sandrini et al., 2001). 
 
 



Confidential Data 55

3.6.5 Results and Discussion 
The analysis of total IgE levels in plasma (Median ± Stdev) of HST012 mice 
revealed no statistically significant differences between the groups (Table 20, 
Fig. 7). In both mutant and control animals, the median concentration of total 
IgE was higher in females than in males but no significant difference between 
groups were found. This is a common finding for many mouse inbred strains 
(Allessandrini et al., 2000; Corteling et al., 2004; Seymour et al., 2002: Mel-
gert et al., 2005). 
 
Taken together, under standard screening conditions for primary Allergy 
screen, HST012 mice did not show changes in total plasma IgE levels that 
would reveal a major allergy phenotype. 
 
 

 
 
Figure 7: IgE levels in HST012 mice 
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Table 20: Total plasma IgE in HST012 mice 
Data are presented as median ± standard deviation. 
 
 Control 

(A) 
Heterozygous Mice 

(B) 
Homozygous Mice 

(C) A~B A~C B~C 

Total IgE 
[ng/ml] Male Female  Male Female  Male Female  Male Female Male Female Male Female 

1st sample 
 (n=10) (n=10) p - 

value (n=10) (n=10) p - 
value (n=9) (n=10) p-

value 
p-

value 
p-

value 
p-

value
p-

value 
p-

value 
p-

value 

 55.6 ±
126 

151.7± 
62 

 
n.s. 

102 ± 
98 

115 ± 
54 

 
n.s. 

76.6 ± 
46 

106.5± 
48 

 
n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
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3.7 Steroid Metabolism Screen 
 
3.7.1 Introduction 
Steroids control differentiation and proliferation processes of cells and tis-
sues. They participate in the regulation of apoptosis (Bansal et al., 1991), 
bone remodeling (Jerome, 2004) and neuroregeneration (Chowen et al., 
2000). Severe diseases are caused by monogenic mutations with loss of 
function of steroid pathway proteins. But defects in steroid metabolism con-
tribute as well to the pathogenesis of many different multifactorial diseases 
like cancer, diseases of cartilage and bone or neurological diseases (Mind-
nich et al., 2007; Möller et al., 2006; Prehn et al., 2007). The main focus of 
the Steroid Screen is the identification of new animal models for human ster-
oid-related diseases therewith supporting the development of their future 
medical treatment. For primary screening the key steroids dehydroepiandros-
terone (DHEA) and testosterone (Labrie et al., 1995) are extracted from 
plasma and quantified by ELISA. 

These two steroids were chosen for the tests because of the: 1) robust-
ness of the assay, 2) applicability to mouse model, 3) lack of circadian or 
other rhythm, 4) indicative value for steroid biosynthesis pathways. Due to low 
concentrations of plasma steroids, concentration differences can only be con-
sidered as significant when they differ in order of magnitude. Generally there 
are only limited published reference concentrations for the steroids in the ro-
dents. For DHEA in rat was reported to be 1 ng/mL, and for mouse testoster-
one 5 ng/mL (Kimura et al., 1998, Erben et al., 2002). 
 
 
3.7.2 Summary 
The analysis did not reveal any differences between mutants and control 
mice.  
 
3.7.3 Mice 
Three age- and sex-matched groups of 16 control (6 males, 10 females), 20 
heterozygous (10 males, 10 females) and 16 mutant (6 males, 10 females) 
mice aged 17 weeks have been analyzed in the Steroid Metabolism Screen. 
 
 
3.7.4 Material and Methods 
Male and female mice were screened for alterations in plasma concentrations 
of DHEA and testosterone. Blood was collected retro-bulbar from 12 weeks 
old narcotized mice (isoflurane) and plasma was prepared by centrifugation 
and stored at -20°C.  

Since no steroid ELISA kits are available for mouse samples, human 
ELISA kits have to be used, but analysis is disturbed by the mouse plasma 
matrix. Therefore, the steroids have to be extracted from the matrix by liq-
uid/liquid-extraction. 40 µl of plasma were extracted three times in each case 
with 400 µl tert-butylmethylether (TBME). The combined organic extracts 
were evaporated, dissolved de novo in TBME, subdivided for the two ELISA 
tests (15:25 respectively for DHEA and testosterone) and evaporated again. 
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The material was reconstituted for the respective kit, DHEA in assay puffer, 
testosterone in steroid free serum.  

The steroids are quantified by competitive ELISA according to the 
manufacturer's protocols. The plates were read in a standard microplate 
reader at a wavelength of 405 nm (DHEA) and 450 nm (testosterone). The 
concentrations are reported in pg/ml (DHEA) and ng/ml (testosterone) based 
on the respective kit standard curve. The sensitivity of the tests is 2.9 pg/ml 
for DHEA and 0.083 ng/ml for testosterone respectively. 
 
We used the following ELISA kits: 
Testosterone ELISA: DRG Instruments GmbH, Catalog No. EIA-1559 
DHEA ELISA: AssayDesigns, Catalog No. 901-093 
 
 
3.7.5 Results and Discussion 
 
At the age of 17 weeks, the analysis of DHEA and testosterone concentra-
tions in plasma HST012 mice revealed no statistically significant differences 
between mutants and controls (Table 21/22). In both groups of mutant and 
control animals, the testosterone levels were significantly higher in males than 
in females. These are the typical sex-specific differences in the concentration 
of testosterone.  
 

 
Table 21: Plasma levels of DHEA and testosterone of HST012 mice (17 weeks old) 
Data are presented as median (25 %/75 % - interquartile range)  

Control (A) Heterozygous (B) Mutant (C) 
Male Female  Male Female  Male Female  

 
 

(n=6) (n=10) p - value (n=10) (n=10) p - value (n=6) (n=10) p - value 

DHEA 
[pg/ml] 

20.5 
(<2.9 / 
28.2) 

22.7 
(7.4 / 
49.5) 

n.s. 
10.8 
(<2.9 / 
15.0) 

17.2 
(11.8 / 
28.8) 

n.s. 
19.4 
(12.4 / 
36.6) 

21.7 
(10.0 / 
64.2) 

n.s. 

Testosterone 
[ng/ml] 

0.100 
(<0.083 
/ 0.191) 

<0.083 
(<0.083/ 
<0.083) 

n.s. 
(0.055)

0.998 
(0.193 / 
5.095) 

<0.083
(<0.083 / 
<0.083) 

0.006 
0.342 

(<0.083 / 
1.326) 

<0.083 
(<0.083 / 
<0.083) 

0.033 

 
 

 
Table 22: Plasma levels of DHEA and testosterone of HST012 mice (17 weeks old) 
Data are presented as median (25 %/75 % - interquartile range) 

Control ~ Hetero Control ~ Mutant Hetero ~ Mutant  
 

Male 
P-Value 

Female 
P-Value 

Male 
P-Value

Female 
P-Value 

Male 
P-Value 

Female 
P-Value 

DHEA 
[pg/ml] n.s. n.s. n.s. n.s. n.s. n.s. 

Testosterone 
[ng/ml] n.s. n.s. n.s. n.s. n.s. n.s. 
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3.8 Molecular Phenotyping 
 
3.8.1 Introduction 
Comparative genome-wide expression profiling is a powerful tool in the effort 
to annotate the mouse genome with biological function. The analysis of RNA 
expression data of mouse lines might support the understanding of the mo-
lecular biology of such mutants and provide new insights into mammalian 
gene function. We demonstrated the feasibility to detect transcriptional af-
fected organs employing RNA expression profiling as a tool for molecular 
phenotyping (Seltmann et al, 2005). Within the German Mouse Clinic (GMC) 
we demonstrated the efficiency of systematic genome-wide expression profil-
ing for the detection of molecular phenotypes in organs of a mammalian 
model organism (Horsch et al., 2008). 

 
 

3.8.2 Summary 
Kidney was chosen for the HST012 mutant mouse line. In this report, we de-
scribe the results of using close to genome-wide 21K cDNA microarrays for 
the RNA expression profiling of the selected organ of four animals of the 
HST012 mutant mouse line. In total 8 chip hybridizations including biological 
and experimental replicates were performed. 

The data analysis and various statistical methods detected several 
genes differentially regulated between mutant and reference tissue. Several 
of the significantly regulated genes in kidney are annotated with hemolytic 
anemia, glomerulosclerosis, hypertension, diabetes and tumorigenesis 
 
3.8.3 Methods and Materials 
 
Organ Collection 
The molecular phenotyping screen archives organs of mutant and control 
mice for subsequent DNA-chip expression profiling analysis. Ten male mice 
(five mutants and five reference animals) of the HST012 mutant mouse line 
were provided to the molecular phenotyping screen. 

Organs were collected at the age of 17 weeks. To minimize the influence 
of circadian rhythm on gene expression, mice were killed between 9 am and 
12 am by carbon dioxide asphyxiation. The following 10 organs were col-
lected and archived in liquid nitrogen following our established SOPs (Stan-
dard operation protocols): spleen, kidney, testis, liver, heart, lung, thymus, 
skin/cartilage (outer ear), skeletal muscle and brain. Organs were immedi-
ately frozen and stored in liquid nitrogen until isolation of total RNA. The 100 
organ samples collected in this collaboration either may be used for further 
expression profiling analysis in the GMC or alternatively may be transferred to 
the collaborator. 
 
Isolation of total RNA 
Total RNA was isolated just before processing for expression profiling. For 
preparation of total RNA individual organs were thawed in buffer containing 
chaotropic salt (RLT buffer, Qiagen) and homogenized using a Polytron ho-
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mogenizer. Total RNA from individual samples was obtained according to 
manufacturer’s protocols using RNeasy Midi kits (Qiagen). The concentration 
was calculated from OD260/280 measurement and 2-µg-RNA aliquots were run 
on a formaldehyde agarose gel to check for RNA integrity. The RNA was 
stored at -80°C in RNase free water (Qiagen). 
 
Chip Hybridization 
Depending on the amount of RNA available for hybridization, in general two 
chip hybridizations were performed with RNA from all selected organs of each 
individual mutant mouse. Each chip hybridization was performed against the 
identical pool of the same organ of reference RNAs (reference RNA pool). For 
each individual mutant mouse the chip experiments include a color-flip ex-
periment (up to 6 hybridizations/organ). 
 
Reverse Transcription and Fluorescent Labeling 
For labeling 15 µg of total RNA were used for reverse transcription and indi-
rectly labeled with Cy3 or Cy5 fluorescent dye according the TIGR protocol 
(Hegde et al., 2000). Labeled cDNA was dissolved in 50 µl hybridization 
buffer (6x SSC, 0.5% SDS, 5x Denhardt’s solution and 50% formamide) and 
mixed with 50 µl of reference cDNA solution (pool from six control animals) 
labeled with the second dye. This hybridization mixture was injected on a pre-
hybridized microarray in a HS4800 Hybstation (Tecan) and incubated at 42°C 
for 16 hours. After hybridization slides were washed with 3x SSC, 1x SSC, 
0.5xSSC and 0.1x SSC at room temperature. Slides were dried with nitrogen. 
Dried slides were scanned with a GenePix 4000A microarray scanner and the 
images were analyzed using the GenePix Pro6.0 image processing software 
(Axon Instruments, USA) (Drobyshev et al., 2003; Seltmann et al., 2005; 
Greenwood et al., 2005; Mijalski et al., 2005; Horsch et al., 2008).  
 
Significance of Regulation 
TIGR software package for Microarray analysis (TM4; Chu et al., 2002, 
Saeed et al., 2003) was used for normalization (MIDAS: Microarray Data 
Analysis System; Quackenbush 2002) and identification of genes with signifi-
cant differential regulation (SAM, Significance Analysis of Microarrays; Tusher 
et al., 2001). Expression data were normalized performing a total intensity 
normalization to transform the mean log2 ratio to zero. To eliminate low-
quality array elements several filtering methods were applied. They include: 
Background checking for both channel with a signal/noise threshold of 2.0, 
one bad tolerance policy parameter and flip dye consistency checking (Yang 
et al., 2002).  
SAM was used to identify genes with statistically significant changes in ex-
pression. Genes were ranked according to their relative difference value d(i), 
a score assigned to each gene on the basis of change in gene expression 
levels relative to the standard deviation. Genes with d(i) values greater than a 
threshold were selected as significantly differentially expressed. The percent-
age of such genes identified by chance is the false discovery rate (FDR). To 
estimate the FDR, nonsense genes were identified by calculating permuta-
tions of the measurements. The selection of the top differentially expressed 
genes with reproducible up- or down-regulation includes less than 10% false 
positives (FDR). 
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Panther Classification system 
The Panther Classification system lists the molecular function, biological 
process and pathway of each of the regulated gene (Thomas et al., 2003) 
without any statistical estimation. 
 
BiblioSphere Pathway analysis 
To select pathways relevant for the selected genes of an organ we used the 
BiblioSphere Pathway Edition/Genomatix (Scherf et al., 2005). This software 
allows a view on our data, integrated in biological networks according to co-
citation levels: a) Two genes are co-cited within abstracts, b) two genes are 
co-cited in one sentence and c) two genes are co-cited restricted to sen-
tences with a function word. In a further analysis significant regulated genes 
were filtered for two categories of Gene Ontology terms (Biological Processes 
and Molecular Functions). A GOFilter consists of a hierarchy of terms and the 
corresponding annotations for the BiblioSphere analysis. A statistical analysis 
is also performed based on the number of observed and expected annota-
tions of each term. The z-score of the GO-terms indicates whether a certain 
annotation or group of annotations is over- or underrepresented in a dataset 
of genes. 
 
3.8.4 Results 
Selection of Organs and RNA isolation 
Kidney was selected as organ for expression profiling analysis. We isolated 
total RNA of four mutant mice and four wild type control animals (Table 23).  
 

Table 23: Amount of total RNA [µg] isolated 
from kidney 

Mouse ID Genotype Kidney 
30087241 -/- 667 
30087252 -/- 594 
30087217 -/- 668 
30087218 -/- 710 
30087242 +/+ 807 
30087243 +/+ 731 
30087244 +/+ 979 
30087245 +/+ 720 

 
Chip experiments 
Eight hybridizations were performed for the selected organ. 
 
Gene regulation in Kidney 
Table 24 summarizes the results of eight chip hybridisations performed with 
RNA from kidney. Statistical analysis identified 104 significantly regulated 
genes. The estimated number of falsely significant genes was calculated for 
1000 permutations, yielding a FDR of 0% for this data set including all chip 
experiments. A FDR of 0% is an indication that all selected genes were re-
producibly expressed in all four animals. 
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Table 24: Heat plots of gene expression profiles from eight DNA microarray experi-
ments of HST012 mutant versus control mice.  
One dye-flip pair represents two experimental replicates of each analyzed animal. One Array TAG ID is
the unique probe identifier from the Lion Bioscience clone set. Official gene symbols are given. The
scale bar encodes the log ratio of the fold induction; 0% of the elements are above the upper limit of the
colour range selection (red is up-regulated and green down-regulation in mutant mice). 
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Classification by molecular functions and biological processes 
All significantly regulated genes in kidney were classified (molecular functions 
and biological processes) using the PANTHER classification system. Addi-
tionally, genes were mapped to biological pathways (Table 25). 
 
 

Table 25: PANTHER classification: kidney 

Gene 
symbol Molecular function Biological processes Pathway 
Actg1 Actin and actin related protein Exocytosis  

Aldoa Aldolase Glycolysis Fructose galactose 
metabolism 

Anxa5 Transfer/carrier protein Lipid, fatty acid and steroid 
metabolism  

Atoh8 Basic helix-loop-helix tran-
scription factor mRNA transcription regulation  

Atp1a1 Ion channel Cation transport; Calcium ion 
homeostasis  

C1qtnf6 Complement component Complement-mediated immu-
nity  

Calm2 Calmodulin related protein Calcium mediated signaling; 
Cell cycle 

T-cell and B-cell 
activation 

Calm3 Calmodulin related protein Calcium mediated signaling; 
Cell cycle 

T-cell and B-cell 
activation 

Clcnkb Anion channel Anion transport  

Col18a1 Extracellular matrix structural 
protein Angiogenesis Integrin signalling 

pathway 
Cpa1 Metalloprotease Proteolysis  
Dpp10 Select regulatory molecule Cation transport  
Efcab1 G-protein modulator G-protein mediated signaling  

Egr1 KRAB box transcription factor mRNA transcription regulation 

Angiotensin II-
stimulated signaling 
through G proteins 
and beta-arrestin 

Fabp4 transfer/carrier protein Lipid and fatty acid transport  
Fbxo32    

Fgf1 Growth factor Cell surface receptor mediated 
signal transduction 

FGF signaling path-
way 

Fnbp1l signaling molecule Endocytosis  
Gclc ligase Sulfur redox metabolism  
Ghitm    

Grin2a Glutamate receptor Other receptor mediated sig-
naling pathway 

Ionotropic glutamate 
receptor pathway- 

Gsn Non-motor actin binding pro-
tein Cell structure FAS signaling path-

way 
Gsta3 transferase Detoxification  
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H1f0 Histone Chromatin packaging and 
remodeling  

H3f3b Histone Chromatin packaging and 
remodeling  

Ifitm1  Cell proliferation and differen-
tiation  

Il6st Interleukin receptor 
Cytokine and chemokine me-
diated signaling pathway, He-
matopoiesis 

Interleukin signaling 
pathway 

Itgav cell adhesion molecule Cell adhesion Integrin signalling 
pathway 

Mapre1 Non-motor microtubule binding 
protein Cell cycle  

Mark3 Non-motor microtubule binding 
protein Protein phosphorylation  

Morf4l1 transcription factor mRNA transcription regulation  
Nup155 transporter Nuclear transport  
Pcolce enzyme regulator Cell adhesion  
Prom1 Membrane traffic protein intracellular protein traffic  
Rps14 Ribosomal protein Protein biosynthesis  
Rps21 Ribosomal protein Protein biosynthesis  

S100a11 Signaling molecule DNA replication;DNA replica-
tion; Tumor suppressor  

Sat1 transporter Anion transport  
Scd1 oxidoreductase Fatty acid metabolism  

Tacstd2 receptor 
receptor mediated signaling 
pathway; Cell proliferation and 
differentiation 

 

Tap1 ATP-binding cassette (ABC) 
transporter 

Extracellular transport and 
import; Immunity and defense  

Ucp1 Mitochondrial carrier protein Cation transport  
Wfdc2 Serine protease inhibitor Proteolysis  
 
 
In a further analysis significantly regulated genes in kidney were filtered for 
two categories of Gene Ontology Terms (Molecular and Biological) using the 
GOFilter Structure of the BiblioSphere Pathway Edition. The z-score of the 
GO-terms indicates whether a certain annotation or group of annotations is 
over- or under-represented in the dataset of genes. For genes, differentially 
expressed in kidney no over-represented GO term for the two categories was 
identified. 
 
 
3.8.5 Discussion 
Significantly regulated genes could be identified in kidney between mutant 
and reference tissue.  
 
The function of some of the differentially regulated genes is listed briefly be-
low (Table 26). 
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The differential expression of Ghitm, H3f3b, Hba-a1, Hba-a2 and Rimbp2 in 
kidney was confirmed by up to five independent probes on the array. These 
different probes for the identical gene show similar regulation. The fact, that 
independent probes for the same gene show similar expression levels give 
additional confidence in these expression profiling data. 
 
Conclusion 
Using the statistical methods described above, a number of genes that are 
differentially expressed in kidney of HST012 mutant mice were identified. The 
relevance of these genes in terms of the studied allele should be evaluated. 
Please, contact us if you have questions concerning this analysis. 

 
Table 26: The function of some of the differentially regulated genes in kidney  
 
Gene ID Description PubMed ID 
Abcc4  lipophilic anion transporters, involvement in tumorigenesis 17273943 

Acsl5  Involved in different cancer types, role in fatty acid internalization 15900046 
15051725 

Ahnak  protein marker of endothelial cells, involved in angiogenesis 15493012 
Aldoa   Involved in hemolytic anemia 14615364 

Anxa5  Involved in tumorigenesis; upregulation is associated with hyper-
tensive heart disease and impairment of systolic function  

17988525 
17766279 

Atoh8  Altered expression in a mouse model of glomerulosclerosis 16937370 
Atp1a1  hypertension was associated with the Atp1a1 locus 12884521 
Cd24a  expressed on T-cells is essential for homeostatic proliferation 15477346 
Clcnkb  implicated in the prevalence of essential hypertension 17997379 

Col18a1  
inhibits endothelial cell proliferation and migration, as well as tubule 
formation; increased expression in injured kidney, mainly in the 
proximal tubule and collecting ducts 

17803469 

Cxcl12  mediators of leukocyte homeostasis, involved in kidney repair 15840024 

Fabp4  Change in expression levels indicate higher cardiovascular disease 
risk in patients with type 2 diabetes mellitus 18241614 

Fbxo32  Involved in cardiac hypertrophy 15489953 
Fgf1  Increased expression is associated with hypertension 17909102 
Gsta1  cancerogenesis 18414193 

Ifitm1  Upregulated in cancer, overexpression negatively regulated cell 
growth, whereas suppression blocked the antiproliferative effects 

17643099 
16847454 

Il6st  
 

plays an indispensable role in the expansion of hematopoietic pre-
cursor cells 12691915 

Ly6e  Differentially expressed in irradiated kidney 14680399 
Morf4l1  DNA-damage repair in mammalian cells 17961556 
Mt1  associated with the incidence of type 2 diabetes 18349110 
S100a11  Expressed in renal tumors 15780567 

Scd1 
Deficient mice had a reduced level of liver triglyceride and an im-
provement in insulin sensitivity, important role in regulating lipid 
metabolism and cell function in renal proximal straight tubules 

17605312 
16368743 

Ucp1  higher expression of uncoupling protein might prevent mitochon-
dria-mediated neuronal injury and, ultimately, diabetic neuropathy 16373902 

Wfdc15b  constitutively expressed in kidney and epididymis 12574366 
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