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The Collaborative Cross mouse genetic reference population
designed for dissecting complex traits

Hanifa Abu Toamih Atamni', Mahmoud Egbaria', Yaser Salaymeh', Aysar Nashif* and Fuad A. Iraqgi'

(1. Department of Clinical Microbiology and Immunology, Sackler Faculty of Medicine, Tel Aviv University, Ramat Aviv, Tel Aviv,

Israel ;2. Department of Prosthodontics, Dental School at Hadassah, Hebrew University, Jerusalem, Israel)

[ Abstract]  Complex traits are multifactorial traits controlled by polygenic host factors. These trait-related
phenotypic characteristics and performance including body weight, blood chemistry, immune cell profiles, as well host
susceptibility to infectious and chronic diseases. In recent years, tremendous efforts were invested aiming to map the host
genetic factors attribute to these traits and subsequently clone the gene/s underlying these loci. In parallel to human
studies, a number of mouse models and approaches were developed aimed to enhance the mapping process and the gene
cloning. These include of using resources such as F2, backcross, advanced intercross lines, outbred populations,
consomic, congenic and recombinant inbred lines (RIL). The constraints of these approaches were the limited resolution
mapping of genomic regions of the quantitative trait loci (QTL) associated with the trait of interests, and the limited genetic
diversity observed in the parental founders. To overcome these limitations, a new genetically highly diverse recombinant
inbred lines of mouse population was established, namely the Collaborative Cross (CC) , created from full reciprocal mating
of 8 divergent strains of mice: A/J, C57BL/6J, 12951/Svim], NOD/LtJ, NZO/HiLt], CAST/Ei, PWK/PhJ, and WSB/
EiJ. By intercrossing these eight founders to generate the different CC lines, the genetic makeup of the newly developed
resource is completely different from the eight parental lines, and will show heterosis, which subsequently will response
differently comparing with their original founders. Finally, our results suggest that it is not essential to defining the

phenotypic response of the eight parental lines, prior of assessing the CC lines, because it is believed that genetic
interaction of the new genetic makeup of the new lines will reveal new phenotypic response, which completely different from
the parental lines. In this report, we present to the community the power of the CC for dissecting variety of complex traits
including host susceptibility to infectious and chronic diseases as well body performance traits. Based on our results from a
variety of studies, we recommend to the community, that the best strategy of using this population is to aim of phenotyping
about 50 and more of CC lines, with limited number of biological replicates (3 —4 mice per line) , and subsequently using
the publicly available high dense genotype information of the CC lines as well the sequence database of the eight founders,
it will be possible performing QTL mapping to a unprecedented precision genomic regions less than 1 MB, subsequently
lead to identify potential strong candidate genes. These achievements are believed cannot be obtained with any other
currently available mouse resource populations.

(FESES] R-33 [ XEKIRIREE] A
doi: 10.3969. j. issn. 1671 —7856. 2016. 08. 001

[ XEHE)1671-7856(2016) 08-0001-19

challenges, and since susceptibility itself is

Background

Controlled and standardized investigations of the
genetics of susceptibility towards complex disease with
complex etiologies, including infectious and chronic
diseases are almost impossible to be performed in
humans due to multiple limitations. Major limitations

are due to difficulty of controlling environmental

“complex trait” , meaning that, it is controlled by the
cumulative effect and interactions of numerous genetic
loci and environmental factors. In crosses between

genetically defined strains of mice, chromosomal
regions responsible for the genetic variance of complex
traits can be mapped as quantitative trait loci ( QTL)

in experimental populations available for precise study
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under defined conditions ( Iraqi et al. 2000a and
2000b). Importantly, comparative mapping shows that
the majority of murine genes have known homologues in
the human genome emphasizing the relevance of QTL
analysis and gene identification in the mouse model for
understanding complex disease in humans. Once QTL
or the corresponding genes have been identified in the
mouse, genetic analysis can then be extended
successfully to humans. It is well know that the usage
of mouse models is tightly established in research of
human medicine ( Klopocki et al. 2010; Rankinen et
al. 2006; Wicker et al. 2005). In recent years,
evidence of genetic loci controlling a wide variety of
complex traits has accumulated through QTL mapping
studies in mice and other species; yet for the most
part, albeit with some important exceptions, the genes
underlying these mapped loci remain unknown. This
resulted in the realization that a new model-population
dedicated to genetic analysis of complex traits was

needed to understand complex human diseases. After

HH Csiaia

Parental
Inbred
Strains

much discussion in the genetics community the
Collaborative Cross ( CC) was designed to provide a
new mouse resource for high resolution analysis of
complex traits, with particular emphasis on traits
relevant to human health in its broadest aspects
(Threadgill et al. 2002; Churchill et al. 2004 ). This
unique reference genetic resource will eventually
comprise a set of approximately 350 recombinant inbred
lines (RIL) created from full reciprocal matings of 8
divergent strains of mice; A/J, C57BL/6J, 12951/
SvlmJ, NOD/LtJ, NZO/HiltJ, CAST/Ei, PWK/PhJ,
and WSB/Ei]J. Controlled randomization was performed
during the breeding process to break up large linkage
disequilibrium blocks and to recombine the natural
genetic variation present in these inbred strains with
the aim to create a unique and inexhaustible resource
of RI strains exhibiting a large phenotypic and genetic
diversity ( Roberts et al. 2007). Figure 1 shows the
development of an individual CC line and the ultimate

mosaic genotype structure after a series of inbreeding
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Fig.1 Single CC line (CC784) funnel breeding scheme by eight founder strains. Each CC line

originates from an independently breeding funnel of the eight CC founders so that every

recombination site in the CC population is, uniquely generated. In this example,

a CC line is produced from the breeding line with laboratory code. [ Threadgill and Churchill 2012 ]
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generations.

Based on simulation studies, the 100 RIL being
developed at our lab should allow mapping a QTL
explaining a total of 5% of the RIL phenotypic
variation ( equivalent to 2. 5% of F2 variation) to an
average mean location error of 3.5 ¢M ( Valdar et al.
2006 ). Initially, all CC mice were genotyped with
mouse diversity array ( MDA ) that consist 620, 000
SNP markers ( Yang et al. 2009). We filtered out all
SNPs with heterozygous or missing genotypes in the 8
CC founders, or that were not in common between the
arrays, leaving 170, 935 SNPs. The SNPs were
mapped onto build 37 of the mouse genome. The
HAPPY HMM ( Mott et al. 2000) computed a descent
probability distribution for each of the 170,935 SNPs
intervals, which we reduced to 8533 intervals by
averaging the matrices in groups of n =20 consecutive
SNPs. This reduction reduced further the effects of
genotyping error and made analysis faster. Mean
heterozygosity was computed across each window of 20
SNPs. Figure 2 shows the genomic reconstruction of a
CC line after genotyping with the MDA and using
HAPPY software ( Mott et al. 2005). Recently, all
mice were regenotyped at an advanced generations with
new 7500 custom design SNP array, mouse universal
genotype array ( MUGA) , which provided the genome
architecture of the CC lines (Iraqi et al., 2011).

Finally, after 5 advanced generations, all CC lines

were genotyped with MegaMUGA | and the genotypes of
the three SNP arrays were merged to prepare a single
genotype file, which was used in QTL mapping ( Levy
et al. 2015).

Three founders of the CC ( CAST/EiJ, PWK/
PhJ, and WSB/EiJ) are wild-derived, representing
the subspecies M. m castaneus, M. m musculus and M.
m. domesticus respectively, and which contribute a
large number of sequence variants not segregating
descended from M. m.

among classical strains

domesticus ( most classical strains differ from the
reference C57BL/6] at about 4 million SNPs, whereas
PWK and CAST each differ at about 17 million SNPs,
and WSB at 6 million ( Keane et al. 2011).

Consequently quantitative trait locus ( QTL )
mapping using the CC succeeded to uncover novel
QTLs involving contrasts between the wild-derived
strains, as shown in a pilot experiment in which we
fine-mapped QTLs
infection by Aspergillus fumigatus, we mapped eight

associated with survival after
QTLs, five of which involved contrasts with wild-
derived strains and which would not have been present
in a cross between classical laboratory inbred strains
(LIS) (Fig. 3).

phenotyping a relatively modest number of CC lines

These studies confirm that by

(around 70 lines), with sufficient replication, it is

possible to map QTLs to a resolution of about 1Mb
(Valdar et al. 2006).

IL-18

it pal

ATATIREICOE
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Fig.2 Reconstructions of the genomes of representative CC lines IL — 18 and IL — 507 from the hidden
Markov model (HMM) implemented by HAPPY program. The X-axis shows the 19 autosomes,

the Y-axis shows 8 parental founder strains of the CC lines. The black horizontal bands

represent genetically fixed loci, contributed only by one founder, while gray bands

represent loci with residual heterozygosis [ Durrant et al. 2011 ].
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Fig.3 Estimated effects on survival time after Aspergillus fumigatus infection, for the eight CC founder

strains for each of seven QTLs identified in a screen of 66 CC lines. Effects are shown as deviations

relative to WSB/EiJ, which is arbitrarily assigned the trait effect of 0. The X-axis of each plot shows

the founder strains. The Y-axis shows the estimated effect on survival for the haplotype of the

corresponding CC founder. QTLs A, B, C, G and to some extent D all involve a contrast between

a wild-derived strain ( CAST, PWK or WSB) and the other founders. [ Durrant et al. 2011 ].

In a recent study, we have shown that the genetic
background of the CC mice is the main determinant of
gut microbiome diversity (Kovacs et al. 2011). These
results are another strong proof that the genetic makeup
of the CC is unique and can lead to understand their
effect on host response and performance.

Further, by incorporating variation data from the
genome sequences of the CC founders — available from
the Sanger Mouse Genomes Project ( Keane et al.
2011)
differences across the founders are consistent with the
pattern of action of the QTL ( Yalcin et al. 2005) , the

list of candidate genes under QTLs can be significantly

— and restricting attention to variants whose

refined. These studies confirm that by phenotyping a
relatively modest number of CC lines ( around 70
lines) , with sufficient replication, it is possible to map
QTLs to a resolution of about 1 Mb ( Durrant et al.
2011; Vered et al. 2014; Levy et al. 2015; Aylor et
al. 2011; Philip et al. 2011; Kelada et al. 2011;
Xiong et al. 2014; Ram et al. 2014; Gralinski et al.
2015; Rogala et al. 2014; Phillippi et al. 2014;
Ferris et al. 2013 ; Thaisz et al. 2012 ; Bottomly et al.
2012; Mathes et al. 2011; 2011;
Zombeck et al. 2011).

Mouse Genetic Resource populations ( GRPs) are

Gelinas et al.

popular for the study of complex traits and biological
systems in both medical and life sciences applications

because genotyping is only required once ( what has

been described as the “ genotype once, phenotype
many times” paradigm ), replicate individuals can be
produced with the same genotype at will allowing for
optimal case/control and gene-by-environment designs
( Broman 2005).

Herein we demonstrate our various studies using
the CC mouse population for dissecting the genetic
phenotypic  variation

architecture underlying the

observed among certain, populations, defined as
complex trait in either basic biological/physiological
differences or host response towards infectious or
chronic diseases. Infectious disease studies in our lab
scanned independently the CC population response
towards various known pathogens, such as Aspergillus

2011 ), Klebsiella

pneumoniae ( Vered et al. 2014 ), co-infection with

Sfumigatus ( Durrant et al.
Porphyromonas gingivalis and Fusobacterium nucleatum
( Shusterman et al. 2013), Pseudomonas aeruginosa
( Lore et al.
microbial toxins ( LPS/LPA) for study of sepsis. As

well, complex chronic diseases, cancer and behavioral

2015 ), and host response towards

diseases with complex etiologies were studies at our lab
using the power of the CC population. Including study
of high-fat diet induced type 2 diabetes (T2D) and
2016 ),

development of colon cancer ( Dorman et al. 2016),

metabolic  syndrome ( Atamni et al.

and autism. Additionally, we are scanning the CC

population for genetic factors underlying basic
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phenotypic variation in normal state without disease in
the background, this includes influencing immune
response cell lineages in peripheral blood, body
composition  traits  using  dual-energy
absorptiometry ( DEXA ).

susceptibility to all of these complex traits is important

X-ray
Understanding the host

since all affecting all systems under the same genetic
background.
Published

Cross population

Results Using Collaborative

1 Infectious diseases

1.1 Map host

Jumigatus infection

susceptibility to Aspergillus

Invasive disseminated aspergillosis is a serious
disease in humans, inflicting severe damage to the
kidneys, liver, spleen, brain, heart and other organs
(Latgé 1999, Soubani and Chandrasekar 2002 ). The
risk of acquiring invasive pulmonary aspergillosis is
also higher in individuals with defective immune
systems, such as those suffering from neutropenia.
Users of corticosteroids or other immunosuppressive
therapies, such as those used to prevent rejection
following organ transplantation, and late-stage human
immunodeficiency virus infection are also at higher
risk. Towards mapping of host succeptability to
Aspergillus fumigatus ( AF ), in previous study we
from 66 CC lines for
susceptibility to Aspergillus fumigatus infection. The

phenotyped 371 mice

survival time after infection ranged from 4 to 28 days

and varied significantly between CC lines (P <0.05).

40 =

Survival time (days)
]
1

Figure 4 shows the mean survival profile of the CC
lines after infection with AF. Broad sense heritability
was 0.18. QTL mapping based on survival analysis
and ancestral haplotype reconstruction of the CC
genomes identified genome-wide significant QTLs on
chromosomes 2, 3, 8, 10 (two QTL), 15 and 18.
QTL mapping resolution varied between 2 and 11.6
Mb. Use of variation data from the genomes of the CC
founder strains refine these QTLs further and suggest
several candidate genes ( Durrant et al. 2011). To our
knowledge this was the first report mapping
susceptibility loci for invasive aspergillosis in immune-
competent mice.

1.2  Map host susceptibility to Klebsiella
pneumoniae infection.

Klebsiella pneumoniae (Kp), is one of the major
pulmonary pathogens causing severe pneumonia and
sepsis mainly in immunocompromised patients. Using
the Collaborative Cross population as a high genetically
diverse reference and intraperitoneal injection of Kp as
infectious challenge, enabled us dissecting the genetic
architecture contributing to Kp host susceptibility at
different time points during the challenge. For this
purpose, 328 mice generated from 73 CC lines were
challenged with K -2, strain of Kp, at concentration
of 10*CFU/ml ( Colony forming units per ml) injected
intraperitoneally (IP). Mice response towards the
infection was monitored daily following the challenge
for 15 days, at terms of body weight and survival. In
Vered et al. 2014 we have published our findings,

while body weight variation between the CC lines were

0~

Fig.4 Mean survival time (days) of different CC lines in response to Aspergillus fumigatus infection. The X-axis represents the different

CC lines while Y-axis represents the mean survival days ( £+ SEM). Full details of the analysis are presented in Durrant et al. 2011.
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not significant during the infection period, significant
variation (P <0.05) was observed in mean survival
time between the different CC lines ( Fig. 5A ).
Survival time following the Kp infection varied among
the C lines to result in survival between 2 to 15 days
post infection, importantly we noticed that mice that
survived more than 7 days could survive the complete
challenge period, which might be critical time point for

the disease. The wide variation observed in response to

infection proves that host response to infection is highly
Indeed broad sense
heritability (H*) confirm this, where H* was 0. 45.

Next step aimed to map the genetic regions underlying

heritable, controlled by genes.

the significant variances of the mean survival time at
different time points between days 1 to 2. Using only
48 CC lines of the unique mouse model of CC
population enables successful mapping of at least three

QTLs associated with host susceptibility to Klebsiella
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Fig.5 Genetic dissection of host response to Klebsiella pneumonia infection. Fig. 5 A. shows phenotypic profile of mean survival

time (days) of the different CC lines and four inbred strains after infection with Klebsiella pneumonia. X-axis represents the CC lines

Y-axis represents the mean survival time in days ( £ SEM). Fig. 5 B and C present the QTL mapping results using the phenotypic and

genotypic data of the CC lines. In total results revealed three significant QTLs associated with survival time after infection with Kp, on
days QTL on chromosome 4 named Kprll (Fig. 5 B) and on day 8 two QTLs named Kprl2 and Kpri3 on chromosomes 8 and 18,
respectively (C). The X-axis shows the 19 chromosomes, Y-axis logP of the linkage analysis. [ Vered et al.2014 ]
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pneumonia ( Fig. 5B). Linkage analysis has confirmed
QTLs,

Klebsiella pneumonia resistant locus 1, 2, and 3

the mapping of three significant named
(Kpril, Kprl2 and Kpri3) , located on chromosomes 4 ,
8, and 18, respectively. The mapped QTLs were
specific to certain time points during the infection,
( genes ) changing
during response progress (Chr. 4 - day 2 and Chr. 8
and 18 for day 8).

The mentioned QTLs demonstrate the power of the

suggesting different “ players ”

CC population to enable fine mapping with high
resolution suggesting narrow genomic intervals ( less
than 0. 6 Mb) , whereas the wild derived strains were
the main contributors for the genetic variance for the
hosts susceptibility. Gene browse results of the
significant QTLs for candidate genes, confirmed their
relevance towards the complex trait of susceptibility
towards Klebsiela pneumonia. Candidate genes located
within the QTLs intervals included known protein
coding genes that are involved in cell adhesion and
cytoskeleton structure, which plays major role
phagocytosis and for eliminating bacterial infection
(Kprll QTL; candidate genes Ikbkap - Inhibitor of
kappa light polypeptide gene enhancer in B-cells,
kinase complex-associated protein, Actl7a and Actl7b -
actin-like 7Ta and 7h, while for Kpril QTL; Cinnall -
catenin alpha-like 1 gene).

This was the first report of mapping multiple host
susceptibility loci for Kp in immune-competent mice,
which demonstrate significantly the complexity of host
response to Kp infection despite the fixed
conditions.  QTL

multiple Kp-specific regions on the genome, that differ

environmental analysis  suggests
from the QTL in response to Aspergillus fumigatus,
involving genes with different roles during infection and
host response. All these results and success of fine
mapping with unique resolution have confirmed the
valuable use of the three wild derived strains, as
founders of the CC population.

1.3 Map host susceptibility to oral mixed
infection ( P. gingivalis and F. nucleatum)

Periodontal infection ( periodontitis) is the most

common chronic inflammatory disease in humans,

which results in destruction of tooth-supporting tissues
and eventually leading to tooth loss. This process is
characterized by destruction of the periodontal
of periodontal pockets, and

1990 ). The

disease is initiated by periodontal pathogenic bacteria,

ligament, formation

alveolar bone resorption ( Williams.

which accumulate as subgingival biofilm and stimulate
an inflammatory response in the host gingiva ( Wilson.
1995). An excessive or sustained response leads to
chronic inflammation, which is a potent amplification
system for recruiting humoral and cellular components
of the immune system. Recently, several lines of
evidence suggest that there is a significant genetic
component associated with the susceptibility to chronic
periodontitis (Baker et al. 2000 and 2002). We use
the oral mixed infection system ( of the two anaerobic
gram negative bacteria Porphyromonas gingivalis and
Fusobacterium nucleatum) as was previously described
by Polak ( Polak et al. 2009 ). The phenotype is
measured as the residual alveolar bone volume, in
mm’ , after infection using the micro-CT scan, which
provides an accurate measurement of the attachment
loss around the animal teeth ( Wilensky et al. 2005).
As a step towards identifying and subsequently cloning
these genetic factors, we have assessed a total of 272
mice (103 females and 169 males) generated from
randomly selected 23 CC lines used as genetic
reference  ( genotype )  and  infection  with
Porphyromonas gingivalis and Fusobacterium nucleatum
as environmental challenge for bone loss evaluation
The study cohort consisted of two
1) Control -
phosphate buffered-saline ( PBS ) without bacteria
(CBV = control bone volume) and 2) Challenge -

infected with oral mixed infection ( P. gingivalis and

( phenotype ).

experimental groups; treated with

F. nucleatum), each CC line representative in both
groups. The bone loss phenotype in response to
infection was calculated by differences between the
bone volumes among these two groups for each CC
line. The study findings as published in Shusterman et
al. 2013, reveals highly significant variation (p <
0.05) in bone loss phenotype among the CC lines in

response to infectious challenge ( Fig. 6). The CC
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lines were clustered by sub-groups based on their
response to the infection in terms of bone volume,

25% of the

“ Infectious

susceptible, resistant and intermediate.

scanned CC lines were considered
Susceptible” since they showed bone loss in response
to the challenge (1126 / 1157 / 11.72 / TL182 / 1L196
and IL711), the rest 75% of the scanned CC lines
were either resistant or moderately susceptible with no
significant difference in bone volume. Estimated broad
sense heritability ( H>) was 0.4 for both CBV and
RBV, while 0.2 for LBV.

These finding strongly affirms existence of strong
genetic  background  underlying development of
periodontitis and confirms the usefulness of the CC
lines for QTL mapping for susceptibility to periodontal
infection. Therefore, the study was extended to the
assessment of ~ 100 CC lines for periodontitis using
this protocol, and recently we mapped QTL associated
with host susceptibility to periodontitis ( unpublished
data).

1.4 Map host susceptibility to Pseudomonas
aeruginosa.

Pseudomonas aeruginosa ( P. aeruginosa ) is

listed among the WHO ( World Health Organization )
0.012 -

0.01

0.008

Alveoler Bone Volume m"m3
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leading resistant pathogens with greatest public health
concern, to be one of major bacterial infections (10 —
15% of cases) in hospitals and healthcare systems
worldwide. Severe infection with P. aeruginosa is
typical among intensive care unit patients (ICU) with
high risk for development of ventilator-associated
pneumonia ( VAP) and Sepsis ( Gellatly and Hancock
2013). Wide variations are observed in host response,
mainly individuals at risk and Cystic Fibrosis patients
towards P. aeruginosa infection. So far many efforts
were invested in dissecting P. aeruginosa genotypic
features that might be underlying the variations in host
response leading to differential disease phenomenon’ s
and pathogenesis ( Bianconi et al. 2011 ; Cigana et al.
2009; Bragonzi et al. 2009;
2006). Yet,

instead on dissecting the host genetic background that

Nguyen and Singh

recent study approaches are focused

might be playing crucial role controlling the variations
in response severity ( Weiler and Drumm 2013 ).

address this approach, various studies in murine
models assessed multiple mice strains infected by P.
aeruginosa and repeatedly the results confirmed
significant variation in infection response between the

inbred strains ( Bragonzi 2010, De Simone et al.

ECBY WRBV

\.-5»"\5;»" 6‘? é;a &° @% q;\- &

Fig.6 Collaborative Cross ( CC) lines alveolar bone volume changes in response to oral mixed infection. A dark Gary column

presents control bone volume (CBV) and a light Gray column presents residual bone volume (RBV). Labeled with asterisk ( * )
are 6 CC lines of total 23 CC lines (1126, 1157, 172, 1L182, TL196, and IL711) showing a significant bone loss ( P <0.05) and

considered to be susceptible to the infection. X-axis represents the CC lines, Y-axis represents the alveolar bone volume mm’

( Shusterman et al. 2013).
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2014). As step forwards fine mapping of these regions
in the genome using the CC mouse population, Lore’ et
al. 2015 assessed total of 92 mice (50 males, 42
females) generated from 17 CC lines and challenged by
P. aeruginosa infection ( intratracheal injection ),
following the infection with P. aeruginosa, host
response was determined for 7 days in terms of survival
time (days) and body weight ( gram) changes. As
reported by Lore’ et al. 2015, the CC lines varied
significantly in their survival time ( Fig. 7A) ranging
between lethal response ( survival 1.5 days ) to
complete resistance ( 100% survival ). As well, the
CC lines varied in their body weight changes following
the challenge, where few CC lines showed significant
decrease in body weight and others showed recovery of
BW after day 5. Summarizing the mean survival time
(MST) and percentage change in body weight of day 1
(CBWI1) (Fig.7B).

CC population we demonstrate the role of strong genetic

Hereby, using few lines of the

components controlling the host response despite fixed

and strictly controlled environmental conditions.
Certainly estimated broad sense heritability calculations
shown to be high for both traits of the response post
infection, survival time with H* = 0.54 and body
weight loss with H> =0.28. Due to these promising
findings, number of CC lines were extended, and
mapped QTL
susceptibility to P. aeruginosa infection (unpublished

data).

recently we associated with host

Days post infection
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Fig.7 CC lines response to P.

1.5 Map host
( unpublished ) .

susceptibility to sepsis

Sepsis is a severe health complication, usually
triggered by immune response of the body against
infectious disease ( Levy et al. 2003). Usually, sepsis
is treated with antibiotic therapies together with

aggressive  operative intervention and  supportive

treatments for the body systems in intensive care unit
(ICU).
therapies and medical support, high morbidity and

Despite continues advances in antibiotic

mortality of sepsis are reported ( Friedman et al.
1998 ). Sepsis pathogenesis is studied from multiple
directions, one is based on dissecting the microbial
factors contributing to the disease and another is host
factors contributing to the sepsis development and
progress. Focusing on host response, so far studies
show that septic response of the host is triggered mainly
by microbial toxins, primarily Lipopolysccharide
components ( LPS) in gram negative bacteria and
lipoteichoic acid (LTA) in gram positive bacteria ( van
der Poll and Opal 2008 ; Mattsson et al. 1993). Due
to variations in sepsis incidence and severity among
populations, it is evident that strong genetic factors
might be controlling the development of sepsis in
response to interaction with microbial toxins during

infectious disease. Dissecting the genetic architecture

underlying the sepsis development and severity is

necessary for prevention and development of

personalized  implementations to  combat  sepsis
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aeruginosa airway infection. Fig. 7A shows the mean survival time (MST) in days ( £ SEM).

Fig. 7B show the percentage changes in body weight (CBW1) following the infection. X-axis represents the CC lines, Y-axis

represents the mean survival time in days ( £ SEM) in Fig.

”

“A” and % change in body weight in Fig.

« B”.
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deterioration. Hence, ongoing study in our lab using
the CC lines population as different host genetic
and LPS/LTA

environmental challenge for host exposure to microbial

references separately injections as
toxins. Hitherto, 296 mice generated from 16 CC lines
were given an i. p. injection of LPS ( dissolved in
PBS), thereafter host response was monitored for 72

body

changes.

hours in terms of survival time ( hours ),
temperature (° C) and weight ( gram )
showed ( Fig. 8A) a

significant variation in survival time, where some CC

Preliminary data analysis

lines exhibited increased LPS susceptibility and died
after an average of 30 hours in contrast with the LPS-
resistant CC lines that survived the 72 hours challenge.
More importantly, two way ANOVA of sex effect cross
CC lines revealed a significant sex effect (P <0.05),
in which for most of the scanned CC lines, males were
more prone to septic shock than females of the same
CC line (Fig.8B). At the level of thermal response,

A

Mean Survival (i
5

B A I g gt S
IS Y Y FIITITE Y 4

CC Line

A the imitial bty

1 3 4 ¢ ET I "I R T
Tiwe (Hr)

main response during the first 30 hours following the
LPS injection was characterized by hypothermia for
most of the CC lines, afterwards the CC lines varied in
either  hyperthermia or

their response towards

hypothermia ( Fig. 8C ).
observed in body weight changes after the challenge
(Fig.8D).

Our the

significance of variation in host response to the toxic

Similar variations were

preliminary data analysis confirms
microbial component LPS in terms of survival time and
also parameters of body temperature and weight
changes, suggesting the involvement of multiple body
systems to be controlled by strong genetic components.
Meanwhile, further CC line are being assessed with
LPS challenge to enrich the phenotypic data reference
and enable fine mapping of the genomic regions
responding to LPS. As well, similar experiment is

ongoing with LTA stimulation.
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Fig.8 CC lines septic response towards the microbial toxic component lipopolysccharide ( LPS). Fig. 8A

shows CC lines mean ( + SEM) survival time (Hr) profile during the 72 hours after the infection. Fig. 8B

shows the data split by sex in each CC line due to significant sex effect, X-axis represents the CC lines, Y-

axis represents the mean survival time in hours ( = SEM), in in Fig. B- white column for females, blue

column for males. Fig. 8C and D presents multiple patterns of temperature ( C) and body weight (D)

changes during the 72 hours post infection. Changes in temperature and body weight were calculated as

percentage of initial value. X-axis represents time after LPS injection ( Hr) , Y-axis represents percentage of

the initial body temperature (Fig. C) / weight (Fig. D).
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2 CC lines for study of Colorectal cancer

One form of the inherited colorectal cancer is
familial adenomatous polyposis ( FAP) syndrome, a
rare dominant genetic disease, which is characterized
by multiple intestinal polyps ( Moser et al. 1993,
Rubinfeld et al. 1993; Sheng et al. 2010; Silverman
et al. 2003 ; Suraweera et al. 2006). It is caused by a
functional mutation in the adenomatous polyposis coli
(Apc) gene. In order to investigate the syndrome in

. Min +/ —
vivo, Apc™"

mouse was developed, imitating the
polyp phenomenon in humans ( Joslyn et al. 1991;
Kinzler et al. 1991; Dietrich et al. 1993; Harada et
al. 1999; Hirohashi and Kanai 2003 ). In previous
studies, Min*"~ mouse was used for identifying the
genes (modifiers) affecting the function of Apc gene.
Currently, a number of chromosomal regions associated
with modifiers of Apc gene were mapped ( MOM 1 -
10), but failed to identify the actual genes in these
loci that affect the function of Apc gene, due to the low
resolution mapping of these regions ( Lawrence et al.
2007 ; Cormier et al. 2000; Morin et al. 1997 ; Moser
et al. 1992; Oikarineny et al. 2009 ; Silverman et al.
2002 ) The CC mice are a powerful tool for high
resolution mapping of loci associated with complex
traits, and can lead to suggest strong candidate genes
underlying these loci. As proof of concept about the
use of CC mouse population for mapping modifiers of
Apc, we have generated a ( CC-C57BL/6 lines carrying

Min/ +

the Apc mutation ) F1 mouse population, by

Min +/ -

crossing male mice of C57Bl/6] carrying Apc with

females of advanced inbreeding generations of CC

lines. The study cohort consisted of 27 F1 CC-C57BL/

Min/+ pmutation. The litters from

6 lines carrying the Apc
these mating were tested by polymerase chain reaction
(PCR) in order to distinguish the litter carrying Apc
mutant genes from the wild type. F1 heterozygous
mouse carriers for the mutated Apc gene were housed
and kept for a five-month period on a 12 — hour light/
dark cycle. During this period, body weight ( gram)

was monitored bi-weekly. At the terminal time point,

mice were sacrificed, packed cell volume was
measured (anemia indicator) and spleen and intestine
were removed. The spleen weight was measured
(inflammation indicator) and Intestines were divided
into small intestine and colon for further
characterization of length, weight and polyp count.
The number and sizes of polyps in the small intestine
and colon were recorded after fixation in 10% neutral
buffered formalin ( NBF) overnight, and stained with
methylene blue. Findings of the study were recently

2016,

significantly wide variation of all the phenotypic

published at Dorman et al. revealing a
parameters including total number of polyps ( Fig. 9)
among the CC-C57BL/6 lines carrying the Apc™™ ™
mutation,  despite  the  constant  environmental
conditions for the overall population. Hence, these
significant variations are suggested to be attributed by
the variation of the CC lines genetic backgrounds. And
indeed, a heritability calculation certifies this
statement with high H® value of 0.64 for the total
number of polyps. Additionally, Durman et al. 2016
assessed secondary effects of the disease, such as body
weight changes, anemia and splenomegaly ( enlarged
spleen). Estimated Pearson correlations ( Table 1)
reports significant negative correlation between the
number of polyps and packed cell volume (r = -

0.84, P <0.01), i e.

cancer) the lower packed cell volume (anemia), and

the more polyps ( colon

positive significant correlation between number of
polyps and Spleen % weight (r=0.74, P <0.01), i.
e. the more polyps (colon cancer) the larger spleen
(Splenomegaly ). As for body weight changes, it is
apparent that although when compared to control CC
lines most of the CC-C57BL/6 lines carrying the Apc
M’ * mutation gain less weight during the five months
period, and yet there is a significant variation in
patterns of body weight gain between the CC lines. At
the time of writing this report, linkage analysis was
performed and modifier for Apc genes and their ability

to induce colorectal cancer were mapped (unpublished

data).
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Fig.9 Average number of polyps ( £ SEM) in the 27 F1 CC-C57BL/6 — Min lines (n =1 - 16 mice/line).

X-axis represents CC lines and the C57BL/6 strain which is Apc "™ * mutation

carrier (first black column from the left) , Y-axis represents number of polyps. [ Dorman et al. 2016 ]

Tab.1 Pearson correlation values between traits: total polyps, intestine length, intestine % weight, % PCV, spleen %

weight and polyps per cm. * Correlation is significant at P <0.05 ™ Correlation is significant

at P <0.01. [ Dorman et al. 2016]

Table 1 / Trait | TotalPolyps | Intestine Length | Intestine %Weight %PCV | Spleen %Weight | Polypspercm
Total Polyps 1 0.589** 0.695** -0.841** 0.743** 0.998**
Intestine Length 0.589** 1 0.266 -0.457* 0.317 0.539**
Intestine %Weight 0.695** 0.266 1 -0.769** 0.815** 0.714**
%PCV -0.841** -0.457* -0.769** 1 -0.846%* -0.852**
Spleen %Weight 0.743** 0.317 0.815** -0.846"* 1 0.764**
Polyps percm 0.998** 0.539** 0.714** -0.852** 0.764** 1

3 CC lines for Type 2 Diabetes study

The prevalence of type 2 diabetes (T2D), in the
past decades, has increased into epidemic proportions,
and in year 2000 was 150 million and it is expected to
double by the year 2025. Several lines of evidence
provide support for the role of genetic variation in the

In this
context, diabetes can be considered as a complex

pathogenesis of T2D and insulin resistance.

disease, where the challenge is the Western diet and
CC lines as genetic reference. Recent publication of our
study by Atamni et al. 2016, introduces the powerful
utility of CC lines population for understanding the
genetic bases of high fat (42% fat) diet-induced T2D
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(HFD induced T2D). Study cohort consisted of 683
mice generated from 21 CC lines; mice were divided
into two experimental groups: 1) Control - maintained
on Chow standard rodents’ diet and 2) Challenge group
HFD, each CC
representative in both groups. The dietary challenge

- maintained on line was

started at age of 8 weeks old lasting for 12 weeks, in
which body weight ( gram) and size (length, waist

circumference ) were assessed bi-weekly. At the
terminal time point, an intraperitoneal glucose tolerance
test ( IPGTT ) was performed to evaluate the

diabetogenic status of the mice in response to the
dietary challenge, compared between CC lines within
each group ( genetic effect) and also between groups
(diet effect). Published findings at Atamni et al. 2016
presents an extensive variations of all the measured
phenotypes between the CC lines, importantly body
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diabetogenic and weight response to HFD challenge
significantly influenced by the host genetic background
with strong sex effect in each CC line, indicating that
males and females from the same CC line experience
the disease differently. CC lines showed multiple
patterns for glucose clearance ( Fig. 10), in which

different outcomes are observed including resistibility,

susceptibility and moderate intermediate response.
Some CC lines were highly susceptible towards
consumption of HFD showing impaired glucose

tolerance when compared to mice from control group of
the same CC line. Similar finding at the level of body
weight changes, showing multiple patters, some towards
continues gain, some towards moderate gain and some
even showed high body weight resistance keeping their
body weight balanced despite HFD consumption ( Fig.
10).
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Fig. 10 Kinetics of glucose clearance for 17 CC lines (split by sex) as assessed during the 180 minutes
intraperitoneal glucose tolerance test (IPGTT) after 12 weeks on Chow diet (CH, 18 % fat) and on high fat
diet (HFD, 42 % fat). The dark central line shows average glucose levels (mg/dL) across lines. Chart A,
Males-Chow; B, Males-HFD; C, Females-Chow; D, females-HFD. [ Atamni et al. 2016 ]
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The bottom line of this comprehensive study is
that “one size does not fit all” in context of diets,
genetic background of host plays critical role in body
response towards HFD or standard diet. Therefore,

the

susceptibility or resistibility will bring us closer towards

discovering candidate genes involved in
personalized diets for prevention and treatment of
obesity and T2D development.
Quantitative trait loci ( QTL)
susceptibility to HFD challenge, as expressed in body
total of overall

glucose ( IPGTT )
phenotypes were identified recently to be published

that determine

weight and area under curve

intraperitoneal tolerance  test
Furthermore, precise QTL mapping for
individual time points during the TPGTT and body
weight accumulation was performed and QTL mapped

(unpublished data) .

soon.

4 CC lines for fundamental Body traits

4.1 Dissecting genetic background of body
composition (unpublished )

In this study, we aim to determine the genetic
factors underlying the body composition using the CC
population and the power of the DEXA scan technique.
The following phenotypes were recorded by the DEXA
scan; 1) bone tissue features; bone area (cm”) , bone
mineral content ( BMC ), bone mineral density
(BMD), 2) Soft tissues; fat (gram), lean (gram),
percentage fat ( % fat). Using the phenotypic data and
genotypic data of the CC lines will enable genome-wide
scan analysis for identifying quantitative trait loci
associated with these traits. Additionally, body length
(BL = distance in cm between nose and anus), waist

circumference, body weight ( BW), the body mass
index ( BMI = BW/BL?) were measured for each
mouse, which will also be used as a phenotype for
determining the variation between the different CC
lines. On average 4 — 10 individuals of 18 to 20 — week
old mice of both sexes from each randomly used 15 CC
lines, which were maintained on standard rodent diet,
were analysed. Figure 12. A to D show the profiles of
the different tested traits of different CC lines using
DEXA scan. The statistical analysis of the phenotypic
results have shown significant (P < 0.05) variations
between the different CC lines.
observed with the different tested traits.
4.2  Genetic background of Immune response
( unpublished )

Mapping quantitative trait loci ( QTLs) effecting

Sex effect was also

the immune response cells lineages in the peripheral
blood the
underlying these QTL can lead to better understanding

and subsequently identifying genes
of the host response to these different infectious
diseases. For this purpose, we initiated a study aimed
of mapping the genes, which control the production of
various subsets of cells that are participating in the host
defense. Here, we present the immune profiles data on
15 CC mouse lines by quantification of the amount of
peripheral blood T, B, and macrophages cells of
mature mice (3 —5 mice per line of 10 weeks old).
The immunophenotyping was performed using flow
cytometry analysis using fluorescence activated cell
staining ( FACS ) technology.

collected from the orbital venous plexus of mice. Blood

Blood samples were

samples from individual mice were incubated with
specific antibodies including anti CD3e (T cells) , anti
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Fig. 11 Kinetics of body weight (g) means ( + SEM) of females (A) and males (B) of 21 CC lines during

12 weeks on high fat dietary challenge (HFD, 42 % fat).[ Atamni et al. 2016 ]
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Fig. 12 Phenotypic profiles of the body composition complex traits assessed by DEXA scan of different CC

lines. X-axis represent the CC lines,
«p”

. . . 2
represents bone mineral density in gram/cm”.

weight in gram,

CD19 (B
(Fig. 13).
the relative proportions of different cells in the different

cells), and anti CD11b ( macrophages ).
Our study revealed marked differences in
CC mouse lines. The relative proportions varied
between 13.5 —43% for B lymphocytes and between
6.5 = 36% for T lymphocytes.
their proportion value range was 10.6 —39% in the
different CC lines.
which

commercially available inbred mouse strains.

As for macrophages

Our results are compatible with the
different
Thus,

these results form the basis for extending the study of

results , already  published for

more CC lines, and recently using phenotypic data

Y-axis represent phenotypic trait value;

represents percentage Fat (% ),

“A”

“C” represents bone mineral content in gram,

represents body tissue
“p”

from 63 lines, we were able to map QTL associated

with the immune profile cells (unpublished data).

4.3 Map QTL for trabecular bone microarchitecture
Microarchitecture of trabecular bone structure is

considered as complex trait controlled by multiple

genetic factors. Therefore, microstructure of trabecular

bone is known to differ among populations resulting in

of

osteoporosis and bone fractures ( mechanic strength).

phenotypic  variations  towards  development

Trabecular bone microstructure variations can lead to
fracture risk variations between individual despite their

similar bone mineral density ( BMD) , indicating that

50.0 ¥ | @ Macrophages & B cells BT cells|
450
40-0 T T
350

® 300 - §-§‘ | A

3250- --Iﬂa'zig 1 . %
5 b T ; | 7 B

e Ee ER AR e
15.0 i IHRT] i HEE R il

i riranmn 1

10.0 ag. | R | 4
0.0 1 B L ML BT W R

Fig. 13 Percentage of T, B and macrophage immune cells in 15 naive CC mouse lines. The X-axis represents the CC lines,

Y-axis represents the percentage, including standard errors of the three tested immune cells in CC lines at age of 8 —9 week

old mice. The percentage of T, B and macrophage immune cells in peripheral blood was assessed by FACS analysis.
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additional bone features, such as trabecular bone

microstructure determines the bone strength ( Chappard
et al. 2011).
background underlying these features,
2015, scanned the femoral distal metaphysic of 160
mice generated from 31 CC lines for trabecular traits

In attempts to characterize the genetic
Levy et al.

measured by microtomographic ( CT) analysis. The
measured trabecular traits comprised of trabecular bone
volume fraction ( BV/TV ), number ( Th. N ),
thickness (Th. Th) , and connectivity density ( Conn.
D). And indeed, using relatively small number of CC
lines, Levy et al. 2015 succeeded in mapping six
quantitative trait loci, where 4 loci on chromosomes 2
and 7 for BV/TV and Th. Th (2 loci for each trait) ,
two additional loci on chromosomes 8 and 14 for Th. N
and Conn. D, respectively ( Fig. 14) (1% false
discovery rate). Genome browse of the mapped QTLs
suggest newly genes with relevance to skeletal biology
to be further validated. Heritability values of these
traits confirmed their high genetic component ranging
from 0.6 to 0.7. In this study, Levy et al. 2015
demonstrates for the first time significant genetic
linkage between multiple genetic loci and trabecular
microstructural features, suggesting new candidate
genes to be further validated for their contribution in
microstructure trabecular bone traits.

Conclusions

The Collaborative Cross ( CC ) is a next-

generation mouse genetic reference population designed

by the mouse genetics community for high resolution
mapping of genetic factors of relevance to human
health, such as susceptibility to infectious and chronic
diseases, and response to medical interventions.
However, it is a very flexible resource with very wide
potential application to complex traits of interest for
human medicine and livestock agriculture.

The CC will eventually consist of a set of about
350 recombinant inbred lines are currently available for
study. These lines were generated by reciprocal crosses
including among them 5
and 3

lines derived from recent wild accessions ( two Mus

between 8 founder lines,
relatively unrelated classical laboratory strains,

subspecies , and one Mus domesticus). The CC resource
contains extremely wide genetic diversity relative to
existing mouse genetic resources, and has already
demonstrated unprecedented power for high resolution
QTL mapping. Genotypes and all generated phenotypes
will be stored centrally and made publicly available
making the CC a *

Phenotypic distribution of CC lines is also

Genotype once, phenotype once”
resource.
consistent with the presence of very large variation
among them in quantitative traits as well.

The estimated heritability ( H2) effects of the
different assessed phenotypic traits recorded on CC
mice (Tab.2), have confirmed that the genetic factors
are the major player underlying this phenotypic
variations. The published and unpublished results
highlighted the usefulness of this mouse GRPs to

identify complex genetic traits, which may lead to
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Fig.14 QTL haplotype mapping of trabecular bone traits using the CC lines. On the left side; phenotypic profile of the
trabecular bone features BV/TV, Tb. N, Tb. Th and Conn. D. X-axis represents CC lines and Y-axis represents the
phenotypic trait value. On the right side; QTL mapping results revealing 6 significant QTLs using the phenotypic and
genotypic data of the CC lines at HAPPY software. [ Levy et al. 2015 ]
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Tab.2 Estimated heritability of variety of phenotypic traits assessed in the CC mice

Topic Challenge Trait H?
Aspergillus fumigatus Survival time (days) 0.78
Klebsiella pneumonaie Survival time (days) 0.45
CBV 0.4
Infostions di P. gingivalis and F. nucleatum RBV 0.4
nfectious diseases LBV 0.2
Peoud . Survival time ( days) 0.54
seudomonas aeruginosa Body weight loss ( ar) 0.28
Lipopolysccharide (LPS) Survival time ( Hr) 0.19
Total polyps number 0.64
Tumorigenesis CC — C57BL/6 lines carrying Apc Min/ + mutation % Packed Cell volume 0.51
% Spleen weight 0.53
IPGTT Total AUC 0.43
Type 2 Diabetes diabetes High fat diet (42% ) : IPGTT TZtZI AUC 0.37
? Body Weight gain 0.53
Obesit High fat diet (42
ey igh fat diet (42% ) S Body Weight gain 0.38
.. Body % Fat 0.44
Body composition DEXA scan T . )
Bone mineral density (BMD gr/cm”) 0.00
T cells 0.34
Immune system FACS analysis B cells 0.30
Macrophages 0.16
BV/TV 0.63
Trabecular Micro ¢ oy s Th. N 0.71
bone microarchitecture fero Tomograptly sean Th. Th 0.56
Conn. D 0.67

IPGTT = intraperitoneal glucose tolerance test; AUC = area under curve.

Trabecular bone volume fraction (BV/TV), number (Tb. N), thickness (Th. Th), and connectivity density ( Conn. D)

translation to human diseases. A number of previous

studies have shown the knowledge gained in the mouse

experimental systems can be applied to humans. This

research will continue to make major discoveries in

biomedical research and, thus, contribute to a better

understanding and treatment of human and livestock

diseases.
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Application and Research Progress of Collaborative
Cross mice in Infectious Disease Area

XU Li-li, QIN Chuan
(Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences (CAMS) &
Comparative Medicine Centre, Peking Union Medical Collage (PUMC) , Beijing 100021, China)

[ Abstract] Animal model plays an important role in prevention and control of infectious disease, which could link
basic research in laboratory with clinical diagnosis and treatment for human patients. Mouse is the most widely used animal
model of infectious disease, however, adult immunocompetent mice are resistant to some pathogens. The highly genetically
diverse Collaborative Cross (CC) mice could recapitulate many of the genetic characteristics of an outbred population, such
as humans. Based on this, this review will focus on the application and research progress of CC mice in infectious disease
(including viruses, bacteria, fungi etc. ) , which could provide useful reference data for expansion of animal model resource
bank, and implement of precision medicine of major and new emerging infectious diseases. We hope this review could serve
as a modest spur to induce other researchers to come forward with their valuable contributions.

[ Key words] Collaborative Cross mice; Infectious disease; Susceptibility; Animal model
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BRI A RIPE e ik b Se B, PR e 5 Fl i
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SR, ER B R A S A A T X
Y, R R i E RO

2 CC/MREBFFEEFHRES M

2.1 CC/MREFFRBRMRESHM?2

2.1.1  RAHHL(Ebola) 8 5 : H 92 5 48 58 5 1 il 4
/B (ELFE 5 DL 28 22 R PH A ) S R R e 3%
JiBF, Rasmussen S5 —I07E 47 4~ CC /NRFPF R P
AR R 51 & 04 46 32 0 28 I BIF 55 I 525 75 Jk
Xof AN T) /N B 25 3 1l A0 2 e O AN AR )T s 30 A
BAE 2014 4F 11 H 21 HRF2E) 248 B SopiF ot
e R B AR TS s G 2E 2 A T A
filf, 447 A~ CC /N EL R Bl B SR 1 s B2 1 /D B
T DRI BT /I BT R L W SRR B T A R
IS ,19% B/ B AR BRI O 22 0T ZE P R N AR B
TR 1% B/ N R X A TR 5Pt 70% (17N
ZIEYE MR IR 1T 50% , A E SRR
FERAMAT B R 22 57, A /0 BRUH ) B JIE 8 6E , A
(149 7N BRI 22 00 O I o S 5 322 7 5 2 R % 1)
APEER X 2/ AR I AR T N R R[]
VL BUR I N Bl Sl 2 TR P B3 L K VA TS 52
B o RS By R P Al CC /RS &R, B Ik &
() /N ERUER Y J 2t B8 L S50 575 | A S L A 3
FIFRE ™ it 0, B 5 5 80 6 d AET, X Rt
TR T B/ N RS 5 d REE TR 15% , (H3F
TCHEAER 14 d JFIRE S 2R 2G5
R T Ty R AN By I W Rl CC /N BRI A0
JA R RERY RNA 45 DUBOTIC B 25 57 . (H5) /%
/INBRZH 2R b s B T B KT SR R B N B A
WA B HLAE T PP CC /N BURY E R 2 A B =
P 57 201 0 % R I R ) Thiel T Tek O 5% S 7K
A =R X PR 5 5E DI REA ¢, Tiel 5%
PEEEITE 8 A~ CC il b R AR AR, A 7T g
EE AR CC /N FRAEIR 25 5 1) 2L A
2.1.2 TRIRYE B ( Influenza virus) : Ferris A
HINT 7789 37 1885 75 19 BB o7 A% PR8 JB& 8 Fifi Jit
Ih CC/MERER R (A/] (A)), C57BL/6) (C57BL6)) ,
129S1/SvImJ (129S1), NOD/ShiLt] (NOD), NZO/
HILY ( NZO), CAST/Ei] ( CAST), PWK/PhJ
(PWK), VA K WSB/Ei] (WSB) ), UF 52 555 4
K, 8 Fiv/INERAE MR E T [R5 il 241 400 w0 L Sk
5 ) AT SN | S 3 e A Ay T A S B R
(2% Sk (p I FEL0.15 ~1.37 x 107°) . /NELIY

AE RN T 0.78% (NZO/HILY ) ~ 16.09%
(C57BL/6J) , fiti 2H 2% %5 1% F£ 4 T 101. 06 ( NZO/
HILtJ) ~105.75(129S1/SvIim]) , PP 38 48 SiE BF 73 A
T0.33(NZO/HILY) ~2.67(129S1/SvIm]) , I 45 %
SEPE 2 A T 0.33 (NZO/HILY ) ~ 1.67 ( 12981/
Svim]) , Jifi ¥ 4 5 ¥ 43 A T 0 (NZO/HIL ) ~ 1. 67
(129S1/Svim] 1 CAST/EiJ) [ 11], Xiong ZFY B &
T AFR T RMALE

JH ok AT B R PR R 2 R B 22 AV ( quantitative
trait loci ( QTL) mapping) 78T, FX & %€ T 18 £
S5 A% R 2 25 PE (genetic polymorphisms ) |, 3
V) B 5 | 0 5 AN [) 32 780 0 e & R ), e ) ) 4
SR 2 e B, — AL P R S MxL Iy
1S58 A /N QTL ( HrI3 F1 Hrld ) 93E 52 S 5 5
ATl Z /D R Ge J5 S 22 b R A o £ B4
,fj%[ll, 13, 14] R

Leist 25 |{gi ] H3N2 7 750 375 Jaops 745 ok S e 8 i
Jlf CC /NS &R A WA /N RUR L SR I FET-5%
PR T A3 A i 2 2 R B A TR S 8 A/ INER
XF H3N2 i BE 0 oy BV By g s 5 Horp A/,
CAST/EiJ, WSB/Ei] = Fh i R £ 0 & & 5 B,
C57BL/6J, 129S1/SvImJ, NOD/ShiltJ H iF 5y J&,
NZO/HILY F1 PWK/Ph] WA 5y 8%, BF 9838 ik &
B CAST/Eil fh ZR/NRUBGL R 2R 5 HE
i R A R 2 5 A il 2 S RE ARG I B R R R 1
S EE , (E oA H UKL 41 i 12 108 A0 1 05 200 i 33 22 1 3
%, B2 20 B s BEAS: T 0 5% S5 4 43 A 45 SR I 5
CAST/EiJ i & /N BUB L S B0 T 58 19 11 40 g
% (leukocyte recruitment ) 2R, B IR T A
KEFR MRS M g i — 2P R T A
TS YRR A PR
2.1.3  SARS & RI% B (SARS-CoV ) : Xiong 251 FH
T Ferris S5 RUI0 8072, B G 95 1 3t 8%
B AL SARS JK 2, H SARS-CoV AY BRI & 1 Ak
YL 8 R LR CC /MRS R IESEIR YL SR 5 4 K,
129S1/Svim] 1 CAST/Ei] BiFh CC & Z 4 il 4 21 4%
HF AT RNA $5 DL $ % NZO/HILLY A1 NOD/Shilt)
mFR/DREA B EMEER (P <0.05),8 Fliah & /0
FUBYL 5 AR N R L R P 2R, IR 5 2R
4 K ,NOD K AJ /MR E PR & 2 IR YL AT R &, NZO
i BAREAU T 5% , 1l CAST #l PWK /NRAAER T
FEEZT 20% , 4% 3 i &R/ BRUARE R FE 10%
VY SR
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Gralinski 55 #f — 8 1o 152t 1% K3 #8 7s 5 2
SARS-CoV LA A dh & CC /NRUR ML AL
TRy 224~ B R A2 | 3 ek 44 2 T8 R 56 IR TR 0 i 47 4R
RIS [R]85 i DR e B3 /N BRL s S e S 5, —
Tl B3 92 B4 RE R ) Trim55 , IE 52 78 4435 LT
A A5 KRR I AE RN T A5 O T ELA G
FEMIER
2.1.4 PHJe% (West Nile) i # ; 1L C5S7TBL/6] /)
FRUBCHLASEAY VG J8 2 5 B IR L J 119 4 R FAR A5 1 fo
JERFIE O AT B T4 5T, (HI% /) BB R AE I IR
AR | G BN 22 A A5 T 5 I DR B B AT A AR 3R
KZ5H ., Graham S H 5 Fh F1 AR ZL3E CC
NEUR R GIESSE TG T e SR RIS, TR AR
I ACRE R 2% B | 20 245 2 1) 95 250 3 L DL M R4
SURN P A B 28 28 G0 BT 38 10 51 R RN 3R A 1 e 9% 45
PR RS R N F =S SR U -y N I L
CC /NERAY Osalb ZEFE R IESE T HTAET Osalb
SEUE VY e B EE M T2 G I i AR TR 1 4518
[FIAS, AtbAT T3 & BREPE AN 5 R 0 CC /MR Osalb
FEPPIRA 74—, HU L 1Y Je B 0 35 5 I 2 8
(R B B R 0 22 S0k IX7EAR KRR B 13k #h
TAESGE CSTBL/6) /)N BRUJER G A5 Y 11 B — 7 11 Jy R
P R ARG VY JE 2 5 B 14 8% e T G 2 AL i £ 1
T HA L Z RN /N R
2.2 CC/INREBLABEHERB SN
2.2.1 i RAFEE ( Klebsiella pneumoniae) ; Vered 55
T % PO R AE & /B ( BALB/CJ, DBA/2J, C3H/
He] F1 C57BL/6)) F1 73 Ffiii 2204 CC /N UK s Py 422
ol v B A Ll R AT, 45 SR UE SE X T 28 R
R /N UL 5 A 3BAE T, (HAS [F) ah R 71
TR KRB KR ZER (P < 0.05), BALB/CJ /)
S oy 8% PR RN 2 d, S HE =L &
INRAETE B EEZE R . DBA/2] F1 C3H/He) /i £ i
AR IAETG 4 F13.8 d, X 73 Bl cC /R
M BT AT RT3 A 1 R B 6 8 n
FRZESFE(P < 0.0001) , 735 i = & 1l ik 40% |
{AFFRA i R ATS 100% BET 3 394700 KA 58 4
1 d, kL 124",

2.2.2 ST ( Pseudomonas aeruginosa) ; Lore 5§
i 17 4> CC S ZRFN A/ ) /INERIEA T 4 AT BT A JEk
PRSI A/) /NRURESL 7 d JRAETSR N 30% LB CC
/NERIFET SRRI AR K 22 52, g 2 R G Jak
b 2 Y 7 d 5 100% 7735 , A 5 R 7RG 1.5

d BRI 1009% 6T, RE 7T, AR CC 5 RERGL A
FEVREE T B 5 THIAR S I R 22 S A A o R Uk
b 3 RNARE I 23% A 1) RSy 5 d R RD
SRR, A/T /NEUBE 3 d BHARE I 16% , H
TERRGL 7 d I IF R 58 WA 2 IR R KT, A5
WESE T 15 Tt % 15 5o i 25 502 S SO SRR AT 18 1 &
R AR BRI, MR MR R E |
PR ARSI
2.3 CC/MRBFERHBHNRESHME

Durrant 525 %F T 4 #1238 & /N EL( BALB/¢J,
DBA/2], C3H/He], C57BL/6]) 1 66 F CC /NS
ZX M i B B (Aspergillus fumigatus ) Af293 ) 5 J&&
P2z G200 28 BLE ST BALB/cJ /N B H s BE RN 5
JE IR YL S T Y AE G KRB 23.2 d; DBA/2) A
C3H/He] /INEUR) Gy BAPE R &7, 34206 KA 0 R
5.8 d fil 7.0 d;C57BL/6] /INRIEGY 5 B 16 K
Bom 12,7 d, PURNEAE FR /N BUBL 5 AR R R AN
IR TR R S AR RBCE R H, X Ce /N
LA T 66 i & 1) CC /N UYL IS (1)
YIAEIG I R 0 T DU AP 22 22, o 17 Fldihy R 56
MaE i AR9I3 T A 5 &, & 28 d WA I 45
100% 71 ;14 Tl CC 5 RAFENG 4 ~10 d,21 F CC i
ZAEWE 10 ~20 d,14 B CC 5 B AEHE 20 ~27 d,

3 BRETFRERAK R EE N AR KARRE

H Collaborative Cross 51 H J&5 sh 2421 £+
RS — U 8 R LG 1T 28 it 2R B T LA A5
TRTEN R Z 5T b, X 28 HA 2 Ze PR A st AL
AR /N BB IE A B SE AT 3R A4, T — AN HiT e R
A RIBLS 8 A R GE AL O T B, X R
FUARAS [R] 382 1% 5 357 10 /08 Bl it 28 TR AFE A4 2 T %) 4% b
A A B B AT 1 2T AT, de R R ALY
TWTER L A8 S BRI 2 )| DA M R 5 B 22 1)
A EAEIR R, NP 1B S HEHOR F B
W,

ZEWL CC /I BTE A% i T THT A 4R 38, 48 K 250
AIRIFFEAAE ] 8 b I hf il 52 /s Bl 3, 19 2 ) 224
ERBMARR, 0 T BB R R 5 2
AR ERIEZ AL, H TR B 7 i E 2
CC/MRAn R, &0l 20 ZAUAR[E M R Z A28 58, By
KA 8 D ARAR YL B AR LH G 11T 200 2l
S FR I TR E AR AR A

T3 — i E BT OB ) B, & QTL 43 B
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W ARIA B LR UK, % T OCHRAE AT LA 3 & ot
o AR /N BRI DR R, DR e T 3E i CC /N B
ITIE R 5L, 159 5 = 43 HE R st 4L B, LUORAR R
e ) v AR R DR R R (B 1 Sk SO A 4 2
DAL YL Ty IR R TR ATIF 9 A% Yl 9 25005 HL i 25
Sl

B, X T QYR E T Uk &, B AT AU )
IO JEAR B R IEAT CC /N 2 R AR ) I8 i DU
R, WF5E 78 43 ) © A 9 R AR | 3l P R R 5%
T8 WEETT Z2 (1) 95 J A, A0 9% B0 78 IE 7E B LA
TATHIZER (Zika) W5 8E | H AR T IR 2545 i e R 008 7
(MERS-CoV) &, B Z i & CC/MRUG 2 1y #*
RIZ R, o H R0 76 8 BE G B 7 RS 41k i
I ARSI 7 58 W B B Ak R s T 2 (%) i PR i 48
SEAE, FEIEAT)E AT 0BT K 9 R A Y g RN
Bl IR, W 58 3 340 7 B X — 26 4% 5 0 4%
sk A5k REREEIT R, R CC /NERBETR,
i —2 4 R IAT /DN FRUBE AU B Y 1, 49 1)t o7 T AR 4B
NZE A AS TR I TR 9 B 3R AIE 1 22 i 22 /) BRUABE 78 5%
T5 2 TL st 52 155 NI DA PR 9 T A 5 2 L X, A
SRR CC b R BRGSO SR PRAFAE | 28 57 A0
FRfE (5 AH 5 245 4 FILEE 1 0 VT 52 36 58 A7 1 X
BT AN R A R 2 B0, 76921 P U & I 45 8T
By A NS SN Gl B IE N

Sk
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[HE] e 2 H TR 2500 5 s B B T 5| & 1 — R0 E 24 MR B M Gk, oA i B2 —
PRI . FHFAESE RN AR T3 38 (R v R BT AR R TS ACH R B GRS/ B A S H 2
VR TSI E AR R BR M . 52 4R35 1% ( Collaborative Cross mice, CC)/NUJE HIR H AANE A R
A&7 B BRI R BUAS [R] /N B R RS R EUAS [A)/ N B AR () it A 2248 S, LA S A% 2R KRN BE L A6
EERHE, TR LU E 2R B0 TR [RBEXTRS R 8iR 7 ik MR S B 0 22 55, S (R F & 2 B 0
Dy RSN i e KD A AE 7 T BSR4t T — AT R T A S ERE 6 0 ASCH CC /N RTE BE 270 H
H TSR IR PR 5 RIB P | LR AR IR ISR v A R S A T SRR
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Collaborative Cross mice as a novel platform in cancer research

LI Ke-juan, GAO Ran
(Institute of laboratory animal sciences, CAMS & PUMC, Beijing 100021, China)

[ Abstract] Cancer is a general term of a series of complex traits of the disease triggered by the body cells losing
their normal regulation of excessive proliferation, which essentially is a genetic disease. Recombinant inbred strain ( RI)
mouse generated from one pair of founders has been widely used in traditional tumor model. However, RI has many
limitations on the statistic efficiency because of the small scale and lacking of allele diversity. The Collaborative Cross
(CC) was designed to generate hundreds of recombinant inbred lines by 8 divergent strains of mice. CC mice embody a
tremendous amount of natural genetic variation in different sub-strains of mouse and the single nucleotide polymorphism is
four times of the traditional experimental mice. The high-genetic diversity and large scale population enables CC mice
simulates the differences of individual susceptibility to the pathogeny or the therapies,thus provides a better research tool
and information platform for expediting discovery of genes and genes function in human complex traits diseases. This review
summarizes our current knowledge of this field, including methodologic aspects, applications, challenges and limitations,
and utilization for cancer research.

[ Key words] Collaborative Cross; Genetic diversity; Individual sensitivity; Cancer
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AFET-12) ) Mo o B 307 T3 AR B O R
29220 JT NSETS, ol A EROEEERY 21.9% A
26.8% , #if Siegel ™ I Hi SR IE , Fiv i X i 4 (1
RIRFRRAAT BER0, TR A EAE R
SR NI PE T A S 1 9 RE R 3 A AE
TR (BRFE T RERSN) | JLF- 2 R AR 2
o A P X Ji A 19 5 A 3 R, S
VAR LG 55 P 1 WA DR 2R G 908 E R R RN FE T2 38 1
R 2 5 . RETRATIR P S Ih RS
FEA R EIE (29 90% ~95% ) B J&: IR B &
SEIG  HAR 5% ~10% W2 i AL R S5
(530 RS 4 ] 1) B0 KU S 4 7 2
NG AR — Ak . 53— Ty T, R AT A S i
AR X [] — 245 40 ¢ 3 O 4 1) R A B X IR T
T3 SRR UG RBCR R im IR R BA 4
b fRe . o an, FATT RN TE 1 I 2 — b W
VIR A M vy ) MR R 8 — B A g e — A
“TCEATRC WU . BEAE 2012 A5 — 191 1 I AR
HHIAE, BRI CAR-T 4 IR B R T 7
B H R R e A8, CAR-T 7 i A LA R
IKF 100% BII6 BBCR 0 L I R 3 AL AR 5 2
A, AT e X 2643 B AR B 5 X CAR-T I 47 8801
3BT R BIR T R R JC O L it
TES 15 Ji 2 T B A sk/NRBE R e 25 1 S8 R I
E % 9256 % ( Oak Ridge National Laboratory) $&HH T
52 Z MR35 1% ( Collaborative Cross, CC) /N & Fhit
R, 3 & T & 2% MR B B ( Complex  Trait
Consortium, CTC ) ZHZ1") | FF e #5615 & — Fp o7 1 ]
THIFFE IR AR AT s TR s 1) 0T 98 TR, LA
AN SE P e T 2B AR A SRR 5T

1 CC /MR

CC /MRG0 TR & RUPRK
TERE, IR X A R A B B, AT R, R /N
B R A T G 1 BT 28 R AT 242 28, O F2 AR
HEAT A [ SR A I 20 AAUA BT & a2 &,
HAE 22 2K 98. 6% LA I, RI BA XGE T 28 &
PEFTE 20 5 0 28 i R AR, RORHESD T a8t (52,
JIE o7, S e S A T o AR R R e . RI /R
R LR IRTE R AR B3 — R A SUH A
1R, A AR AR A, B H AT A 1k Rk e e
2 iR 24 B A ST Y Y BAR A 20 LRRRI 3 H )
LI, AFJE RL/NERR 52 21351% ZHE 1 (genetic

variability ) 5 B BE 77 ( mapping power ) 4 J&) R LA
TARZAN R . 8% ZAEPERA R 2 8 RT /N AR
HI PN 2R A il R AR S T oK, O HLiX S8 A i RALEAE
EIRTALE R R, MR T s e 2R, Tk
SSFRE T B T e AR e R USRI A R R
MIRER R B i) o R AE 2 ~4 cM( ~ 4 B8
Mb) fHZALSE RI /N RAE S B 2 IR 2 DL
PR Mo e B R 2R AT 20 B, 55— A IR) ] LA id
B 8 AN B B, H ALk 8 A [a] i A B
AR R R R 1Y 2 SR BRI, 5
AR R RE A AR R RT R OR AR
CC/NEURIAE & A4 S RS TR T ISR 2 |, ik iy
8 NEthh i R AT CC /N RAYIEHE Z e IR AL, 1
T A5 = e 5 35 PR 2 0 1) S 5 T 38 &R
A/J,C57BL/6] F1 129S1/Svim], LA K K 8 H A< Fi 58T
PO F B o 55 SRR HY (1 5 1> i R NOD/
Lt FI NZO/HiLt) , BRI 2 51 IR F /N 3 A Mus
P B AR T AT FR A A FE AT 23 ok A HE v
T FL A% ) PWK/Ph) ( Mus. musculus. musculus) , &
A 3¢ [ K /Y BE 9 WSB/EIS ( Mus.
domesticus ) , Ph J ok H Z& E 9 CAST/Ei ( Mus.
musculus. . castaneus) " * . MU A AL P B ) 2R
PERT AFEA 55 /N A SR 90% 1, HE%
KRR, 7 LR IE CC & R 38t 45 67 55 1) 43
1/

CC/NRMBR SRR AE 1 Fos, \FP R LG R
5 GO R, B SE HARAS LY i 56 Fh AT RERY G1 R
ARLH ARG ,56 1> GL i & P | AT 2S e A5 3]
1680 FIATRERY G2 fRIAR 5S4, G2 AR R PR kAT
SEHCRTIARAT 81 (40 320) R4 & AT RERY G3 A%
SN I G3:F1ACBEAT By R 52, K
18 G3:F20 WF3kA5 58 70 28 1Y 7, A K H L
MSEAY CC/NRA R, B CC /N il R AR Bl AL
RAFNAEUR G ZR /D BT 9 35 15 78 S X ot —
T LR E AR URR R e 2 B F A (breeding
funnel) , CC /N BT S HE o i v A o R e /N B TL
PRt B HAF A T 3X 88 [ 32 R P Y B AR 1L 72
S AT IRy A A2 S g AR ) B E AV
BB —TC Y, AR AR R 6% 1) B IEOR F 5 B L A
WAH3UT B4 5 IR AV A (QTIL) 1 ™) gt oy 2 —
A B st AL AR B R RE LS R AR i &R
SEF /N B R B R IR Ok BRI a8t L R S
EEN

musculus.
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CC /NRIT H Fe I 7E S wiifh L 95 % ( The Jackson
Laboratory ) iz fE , /A4 G3.F1 fCiz £ 3 NF AL
045 5 [ FH 94 75 JH 09 AR 0% [ 58 92 46 % ( Oak
Ridge National Laboratory) , i >k #%if#% 2|t < % >k
PREAE R (CC-UNC) 7 5 JE T % ER 11
Fr % & WF 5 H 0> ( The International Livestock
Research Institute) , i > 8% 1T 6 2 UL (651 (9 55 7 4
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Note. (A) nevoid plaques; (B) melanomas.
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[ Abstract ]

strategies. Medical research using genomics, proteomics, metabolomics, systems analyses, and other modern tools has

The individual variability should be considered in precision medicine-prevention and treatment

made big progress. In 2002, the members of the Complex-Trait Consortium proposed to develop a new mouse genetics
resource called the Collaborative Cross (CC). The CC is a genetic reference panel of recombinant inbred lines of mice,

designed for the dissection of complex traits and gene networks. It will provide a powerful measure for functional studies of

biological networks, which will be essential to understand the intricacies of disease processes.
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H/NRHOREE e — R G EIR, EERE
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10 wm S50 CT B 25 4714 I B o o A o 3K A5
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ST 91 A8 543 B B30HE A AR A T B BL R Ak, &
PRVEAE e BE 3L TR 0 BT 485 SR /s 3k 2 IR 1 3k
fListfe 71N 0.6 £ 0.7, BE Th. Th &b #% il 2
FPEARAT 8 35 0 1k 28007 o B R 4 4 45 2R R
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A 64> QTL,BV/TV Ml Th. Th $5%5 2 51 7 544,
53 3 A AR H 323 A9 7 45, Th. N Al Conn. D
SYHIAE 8 S 14 SRl — i, R HE
I 22 i 4138 1) B8 ) RE A DG 36 R A o T e
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(AR L 0 UE 2 1E B 7, 46 Awp , Oxt, B2m, Pesk6
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SRR S e £ A
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PGS H 2016 FFIRATEZ A sh i« HRIE P
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BR, e M R T A 31 25 s B RE P AR Tt £ - v )
CC/NEUA 6 Bl 2 5 20 TP EARRUE A 1 1) 25 5 %) e
PEA 2 Bl HEMEAT 4 B, BUA 2 Rl R AR IR
HEBT, WHI B T FAAS FIE e 110 79 A 44 ) 22 1 B A /)
A 4 fk, DU/ BB B 3 B, UMM /N B
BAA 3 PR, IR IR ARG 4 B B B, i
6 Jil CC/NERAS VR PI R M SR XA T, 8RR

6 Jil KHR 53 ML /N B EATDZERG I, e /) B3R
RN o SR N N S SR VS S RN e ER LD
o AR TEACHMES R AT 5T th e D R A

— M AR SR | A S )N B AR A S B L AR
fif i S5 . B IR AT S B AR s R,
it 55 ) s 4% 1 ZECIE 0.5 A2 45 (Broad
sense heritability coefficients, Bhe) , RR AR & M
WRHNZHAMEMEN, CC/NR&R R Z 15
£ Z 81 ( Heritability coefficients, He ) 1R & , #2785 F &
Z A 2% S E R L R R E AR, BE5E
SERIAE T 11 BRI 2 52 A R 3t | 32 B 2 0k
PRI 5 R ) 45 1

1 PR 975 P8 ) B3 ( Diabeticretinitis, DR) 23 H
MY FERZR WA Y A R B Y /) BRASE A
REAZ ST e N 2959 e fIE A BT I 1D 98 7P ) & i L
. Morahan G S280 %" b HE T 64 F CC Ak R/
L, AR /IR 2/ 100 L 3 3 DK T2 S IO 4 I B
S FRAR TR 2R 175 A B PR , B 128 DR RPAEME 722 | [] g
HEAT 4 W 00 A R N 2 200 O 6 00 T e A £ 1
Ol B2 BB FN N & ik i A de 230 1 /N B iy 44
4 FOT_FB, #EiXt FOT_FB J¥ W WA BIWF5T , 76
R AW PR T T 22 A I T A e 400 o I 1, A8 2H 21
SERPH L5 R AT ST DR 1Y & R gk A s i ol B 3
A LA 2 RO DR s 4 7 40 D FEE A Ak, 25 2R
AR—NER 7 d kB DR ORRAEPEAS A, T 40
IRAE TCANAE B A0 A8 A8 /N I8 A R A
Bz PR B B IR ) K 5k 245 g B
J W SIRBERE 21 d J, 7 Y I A B
LSRR A 00 55 07 45 0 | 2 A 200 i 3 24 AR e i b
EE AR R, RIS SR YR ERITFEZ S
DR AHIC 0 A9 26 PR ek 2 W 38 22 5, O i B AR
WEH LA (Crybal ) 23k B, XA FEHFFE DR &
P R T E— P BiE . KL FOT_FB i 324
WF5E DR &R ATF &G FH 1 pminy 7 T Bt 1
AR CC /NFCR DR 5 Jdel: 5 DR i 18 2 8 1
RIT S T8

I B W W S DA SR 20 LR i Sy R A Y
ZMEB . bR T WE R MR M = Ab  AE ) R
KL L (PMN) 75 R QLB 34, Rutledge H
SO P 2 A 7 S 1 0 /N BRUASE R v
72 B 58 RE 1 AR P IR, NERCRAT T 8 A
founder /it & 151 81 CC i1 R (preCC) . FilidE PR
HPMIN ORI PR 4R AR s K ] CXCLL
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JEE R K IRTE preCC HHIX P R LA G, QTL 1
BiE T =A% m PMN 48 5 X, Hod — ANl
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ifi eQTL %4 % B Zfp30 HH A — P E 7K Y5
CXCLI/PMN R 25 A7 56 3 2 35t 4 28 5 3 i el A2
Zfp30 3K AT CXCL1 A1 PMN, #F 58 % @57 QTL
X = AN R AL OC R S50 73 AL, Zfp30 %
KTIE R /N BUI A B AN, TERSD Z6p30 ik
BUESZN T CXCLY XS G2 0 i 2% 5
BRI Zfp30 F—A> A R A0 AU A R P
¥ 5 3 B e i P R A R IR 9 52 3 A R AL R T
5, PMN £ CXCL1 Al Zp30 5.

BT IR 3 (ER stress ) &4 TG RIS E ATE
N EZ AL X ER stress R 25 X 41 At A9
AEAFAR I W5 K 52 2% (B s RN R OK P 1Y A2 Ak
ER stress 212 NJSPB 1Y 25 & AR 57 A+
T ER stress N 2 /B A 52 M A JSBHR 1955 — 25 5k
JEHIRE ER stress I 2 WA AE 5 55KV L AFAEA R
225, Chow CY % J—Fil % I T % ER
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A S A4 ER stress, S AT HL % % RN & BLAT
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i 5207 A PRI 3k 2 it 28 e X031 e A 5 T = S 1 28
ER stress WA REFRIARERI A, h THR7EX L
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it 80% HYHE R 19 25 S ok IR T = A5 22 5, F
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PR, 3R B AEA T i 2 B A 2 R85 5
BN TRt AL ZREE, X Be g IR XS T B A st 1%
ZAEPEUYA 2 ER stress WA HE & X,

RS RS FIAT CC/INBRAT LI A Rtk
PRI S AV 1 ™ E R A LA K R o3 BIL R 2k
Trast il e PR A BIF 9T, AR 48 SR i Im R % Al 4
(LSaER7 o v

FIH CC /N BRAHEA T80 2 I L PR LA KR 7 B
22 e MERY 3815 L 7 B 78 A 5 T A I, L
22 WA DA G o 11 i 68 1) 35 44 o S 23 A,
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AR S, BF N2 5 AUT RS A
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TR 3R 6 AR/ BB 51 R il 21 4 Ak 1
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0.035 U/g, 1E55 33 K, /N SR AL, WCAR I 80 It
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RO BRAG I | 14T It 21 4 AL o 15 /) BRUR #F DNA
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RBRGIEM I 4R A — 3 52 5% i H 5
S A IRARL 23 A7 AL B9 S 5 ] A G SR ) 4 7 A
[FIAIEEAR (0 miRNA BIER G52 A—2, g 4ife
RSN Ty S S B A Y, FIN—FE, CC /R
G377 A DR 57 Ok o R 25 W) N 5 B sk A% 22 e
i) CC /N VF REAE 45 7 25 ) SRR

TR E VR T KT MR 1A 2259 B T
T3 IR 237 1 Bl P A BROUR AR PE TR B, B
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BT RIN R 4 HUNRL ) MRS 1 2%
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22,67 SRR ) o Xk BRI S 24 ) 2 TR )
BEXt /N S 2247 DR 27 48 Bn (W3 52 56 BUARE B
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pairs" ST GG YT IOV 5 8L AR F O R A b, 2
TR 25 A VE 5 & 1 UL PR ik o 2 S ik
WAERLN (5 28% ) FIXLE NZO/HILY Al 129581/
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Biological characteristics of Chinese hamster infected with Babesia

YE Li', MA Shuai’, WANG Yi-jia'?®, ZHENG Jun-wen'", WANG Dong-ping' ,
LI Gui-jun', FAN Jun-wen', SHI Yan-sheng' , ZHANG Xiao-fei*, BAI Jie-ying'
(1. Laboratory Animal Center, Academy of Military Medical Sciences, Beijing 100071, China;
2. Beijing Research Center for Agricultural Standards and Testing, Beijing 100097 ; 3. Capital Normal University,
Beijing 100048 ; 4. Beijing Institute of Veterinary Drug Control, Beijing 102600 )

[ Abstract] Objective To establish a Chinese hamster model of babesia infection, to find the changing pattern of

organs and biochemical parameters in Chinese hamster infected with Babesia, and to promote the detection and treatment of
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babesiosis. Methods ~ Healthy 5-week old Chinese hamsters were infected by intraperitoneal injection of blood containing
Babesia. Blood samples were collected at 0, 2, 4, 6, 8, 10, 12, 14, 16, 23, 30, and 37 days after infection from 5
hamsters at each time point. Blood smears were prepared to detect the parasites using Giemsa staining. ELISA assay was
employed to test the IL-2 concentration. The blood biochemical indexes were detected using an automatic biochemical
analyzer. DNA was extracted from the whole blood and REAL-TIME RCR was performed to determine the reproduction of
Babesia. Aftert the animals were sacrificed, the heart, lung, spleen, liver, and kidney were taken to analyze the changes
of organ coefficients. Results The highest level of Babesia in the hamsters occurred on day 4 after the Babesia injection,
and then showing a decreasing tendency. However, there was a transient increase on the 12" day after infection. The liver
and spleen displayed most extensive response to the infection showing hepatomegaly and splenomegaly, but the variation of
heart and kidneys coefficients was within the norm. There were prominent changes of blood cells, especially leucocytes,
with two peaks at day 10 and 23 after the Babesia infection. The peak changes of blood biochemical indexes occurred at day
12 after infection. The concentration of serum IL-2 reached a peak on the 10th day after infection. Conclusions The
Chinese hamsters display typical characteristics of tick-borne diseases such as hepatomegaly and splenomegaly. The
immunological system is activated along with the infection and reaches a highest stage in the second week. Afterwards the

Babesia can live in the hamster body for a long period of time. The results of this study provide useful information

supporting further studies on the detection, treatment and prevention of Babesiosis.

[ Key words)

VAR SK B % SARS & i B \MERS K ZIKA %%
A5 TR R BT K e N R R M e N T S
S ARAEERE X0 IR i AR 0 B B 9 PR R B 25 F
FEARA X H A X B DL R AR R R A
HIESE, [ DLPE HUE — 2T A T LA
(O S, — R 2 T e A% 4, J T A A A AU
EL DU PY s HLA B () 25 A HORGRE IR, L e A
FEXZEE DL PG B (B, bigemina) 4 B U1 PY B (B,
bovis) . B EL UL PG B (B. equi) . BB DL Pg L (B
microti ) FNR L UL PG MU ( B. canis) 25230 %2k %4 A
AIGLRE A4 R RTR SE Z R0 3 i i B DL DY i
o I HURR T | N R, A SRR L DL U
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MR L PR L O 5 98 R B KA, S AR Y
NN h W5 g e L DL G o i HL 4 R B A
ek, AR RIRGE A @, He 2 e Kb at

£ D0 7 R St A TR ) ) A AR DGR
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B LA RN 43 A7 T % G FSREL DL PG H A
BALB/c /ML A3 BALB/c /N HEFE SCID /)y
LR NOD-SCID /)N B A9 J8% 4y 5 i 4R 9 A 45 5
& B S 4 ) S B s A A SR AR o T
R SHUAM EAE R A2 AR, R, i
TEIEH ) B A A= sk e AT — R
T AE, ABFFE 8L B LR 6 /o HARsh i F R e
DGR, EH AL EA A EHFHNRL
G R AIb 7R & IR S AT R 2R B U A=

Babesia ; Babesiosis; Chinese hamster; Organ coefficients; Blood biochemistry; I1-2

PHAAGTE R B FURFPEREA T T VAR 9 LB 5 IF
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T UL ULy B A Wy~ ek iR A, S N5 I B
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Fig.1 Babesia in the erythrocytes of Chinese hamster
observed under the microscope. Arrows indicate the

parasites in erythrocytes. 100 x
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Fig.2 Amplification and dissociation curves of Babesis and -actin in real-time PCR
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Fig.3 Tendency of the changes of infection rate of
Babesia detected by real-time PCR
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Fig.4 Changes of organ coefficients in the Chinese hamster infected wih Babesia
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Chinese hamster infected with Babesia
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Comparison of the efficiency of tail vein injection and
intramyocardial injection of adenovirus vector in mice

YANG Lin-shan', ZHAN Zhen-zhen', WANG Bo', YANG Jun-qi," FAN Hui-min'?, LIU Zhong-min'*
(1. Institute of Heart Failure, East Hospital, Tongji University School of Medicine, Shanghai 200120, China;
p g y g
2. Cardio-Thoracic Surgery, East Hospital, Tongji University School of Medicine, Shanghai 200120)

[ Abstract] Objective To investigate the efficiency of target gene transfection of the heart and liver after tail vein
or intramyocardial injection of adenovirus vector ( GFP-Ad). Methods GFP-AD was constructed at first. A total of 20
male 8-week old C57BL/6 mice were randomly and equally divided into tail vein injection of GFP-AD group and
intramyocardial injection of GFP-AD group. The mRNA levels of GFP in the heart and liver tissues were detected by Q-PCR
at different time points. Fluorescence microscopy was performed to visualize the expression of GFP fluorescence. Results
Compared with the tail vein injection group, the GFP mRNA level in mouse heart tissue was apparently higher in the
intramyocardial injection group. In both groups, the GFP mRNA levels in liver tissue were significantly increased compared
with that in the heart tissue. In the tail vein injection group, the GFP mRNA level in liver tissue reached a peak on day 7;
but in the intramyocardial injection group, the mRNA level of GFP in liver tissue reached apeak on day 3. We also

observed the same trend of GFP fluorescence expression in the tail vein injection group compared with that in the
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intramyocardial injection group. Conclusions Intramyocardial injection of adenovirus vector is suitable to achieve a higher

transfection efficiency in mouse heart tissue compared with the tail vein injection method. Although both injection methods

are suitable for transfection of mouse liver, the tail vein injection method is preferential for it is simple and less invasive.
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Note. A: Comparison of GFP mRNA expression levels in the mouse heart tissues of the intramyocardial injection and tail vein injection groups.

B: Comparison of GFP mRNA expression levels in the mouse liver tissue of the intramyocardial injection and tail vein injection groups. C; Comparison of

GFP mRNA expression levels in the mouse heart and liver tissues in the intramyocardial injection group. D. Comparison of GFP mRNA expression levels

in the mouse heart and liver tissues in the tail vein injection group. * P <0.05, " P <0.0l.

Fig.1 GFP mRNA levels in mouse tissues of the two groups
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Note. A: Comparison of fluorescence intensity of GFP in the mouse heart tissues at different time points of the intramyocardial and
tail vein injection groups. B: Comparison of the fluorescence intensity of GFP in the mouse heart and liver tissues at different time
points of the tail vein injection group. C: Comparison of the fluorescence intensity of GFP in the mouse heart and liver tissues at
different time points of the intramyocardial injection group.

Fig.2 GFP fluorescence expression in mouse tissues of the two groups(Bar =100 pm)
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Advantages and application of telemetry compared with the
traditional methods in safety pharmacology

SUN Jing-jing, ZHOU Quan, QI Zhen-zhen, GUO Qiu-ping
(Center for Drug Non-Clinical Evaluation and Research,Guangzhou Pharmaceutical Research Institute Co. Ltd,Guangzhou 510240, China)

[ Abstract] Objective To prove the advantages of telemetry by comparing with the traditional methods in safety
pharmacology. Methods To monitor continuously the heart rate, respiratory rate, blood pressure and ECG of Beagle dogs
by traditional and telemetry methods respectively, analyze and compare the changes between anesthetized and conscious
dogs before and after feeding. Results Maintenance of anesthesia changed significantly the heart rate, respiratory rate,
blood pressure and QT interval in the ECG of animals. The changes of physiological indicators in 24 h is not obvious in
conscious animals, and showed a certain biorhythm. Compared with the conscious animals, the anesthetized dogs’ heart
rate was significantly higher, blood pressure increased significantly, QRS and QTef interval prolonged significantly,
respiratory frequency decreased, heart rate increased significantly after feeding, and QTcf interval extended very
significantly. Conclusions Traditional methods in safety pharmacology affect animal physiological indicators such as heart
rate, blood pressure, respiratory rate and QT interval, which affect the objectivity of drug evaluation. Using conscious
animals by telemetry can reduce these errors, however, the interference from outside should be eliminated.

[ Key words] Beagle dog; Telemetry; Safety pharmacology
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WEIER #4,
2.2 FEEFY SR WEMEATFE IR A QTef 18] 11 7E
TS Y BUAE E B ] B A S S RER 10:00 ~ 11:00 85, Ho03RH QTef 8] 1 5:00 ~
60 s MIXME, SR B)5 60 min (5K 8:00,  6:00 WEF &, HEFIRH B TR T2 L,
16:00 fHPR) R4S 3 HUE Rl 4 K IWEHE WL 3 |
R 1 KM Beagle ROFIFIRIME( x 5, n=6)

Tab.1 Heart rate, respiratory rate and mean blood pressure of the anesthetized Beagle dogs

st ] 45 (' min) e W 4 22 TR
Time points( min) Heart rate( bpm) Respiratory rate( bpm) Mean blood pressure( mmHg)

0 166.2 +18.0 10.9+7.0 124.5 £6.3

5 158.0+15.0° 11.0+£7.6 123.4 £5.8

15 157.7 +14.7" 10.3+7.4 125.1 £4. 4

30 160.5 £13.4 12.0+10.3 125.4 +4.5

60 154.5£19.3" 10.4 +£9.5 124.8 £5.9

120 152.3+20.1° 9.1+7.2 123.4 £7.2

180 144.9 +13.0 ™ 7.5+6.0" 118.0 +6.3

240 141.0 £13.6 ™ 6.6+£5.4" 116.5 7.8

300 139.4 £10.0 ™ 7.0 4.4 113.8 £8.9

360 140.5 +10.5 " 6.9+3.6 110.2 £13.5

. A5 0 min LI, P <0.05, " F/R5 0 min L3, P <0.01,
Note. Compared with 0 min, * means P <0.05 and ™ means P <0.01.

F2 KM Beagle KDHLEFEAR( x 5, n=6)

Tab.2 Cardiographic parameters of the anesthetized Beagle dogs

I5f ] i3 ( min) PR [ QT [ 3] QRS Bt QTef []3]
Time points( min) PR(s) QT(s) QRS(s) QTef(s)

0 0.074 £0.011 0.219 £0.018 0. 074 £0. 008 0.305 £0.017
5 0.074 +0.011 0.231 £0.017 ™ 0.075 £0. 009 0.317 £0.016 "
15 0.075 +0.011 0.229 +0.013~ 0. 074 +0. 008 0.311 +£0.014
30 0.073 £0. 008 0.227 +£0.011 0.073 £0. 009 0.314 £0.014
60 0.074 +0.011 0.231 +0.016 ™ 0.074 £0. 007 0.316 £0.014 "
120 0.075 +0.010 0.236 +0.016 ™ 0.074 £0. 009 0.322+0.017 "
180 0. 075 +0. 008 0.242 +0.014 ™ 0. 076 +0. 008 0.328 £0.017 "
240 0.075 0. 010 0.246 +0.016 ™ 0.075 £0. 009 0.333+0.019"
300 0.076 0. 010 0.246 +0.014 ™ 0.076 £0. 010 0.331+0.016 "
360 0.077 0. 009 0.244 +0.015 " 0.075 £0. 009 0.332+0.018 "

. T FRRYE5 0 min L3P <0.05, % 2”5 0 min L3, P <0.01,
Note. Compared with 0 min, * means P <0.05 and ™ means P <0.01.

£ 3 EM Beagle KORIFIME( x £5, n=3)

Tab.3 Heart rate, respiratory rate and mean blood pressure of 3 conscious Beagle dogs

HRF 7] A5 TRES R ES T

Time points Heart rate( bpm) Respiratory rate( bpm) Mean blood pressure( mmHg)
9:00 ~10:00 87.3 +6.0% 24.0+2.9 109.9 £11.9
10:00 ~11:00 90.2 +7.7a 23.5+2.1 115.6 £12.6
11:00 ~12:00 87.6£9.6" 23.5+3.3 112.6 £16.0
13.:00 ~14.00 73.7£8.8 ® 23.4+4.0 109.5 £10.2
14.00 ~15.00 72.8 £17.7% 19.8 £2.9 114.6 £6.7
17:00 ~ 1800 71.5 £5.6% 19.0£3.1 112.8 £6.3
22:00 ~23:00 78.3 £8.3% 17.8 £4.9 96.9 +4.8
1:00 ~2.00 78.8 £17.5% 19.4 +4.2 102.2 £4.1
5:00 ~6:00 68.6+3.7" 18.2 £4.1 111.6 £12.1

. AR FRREFHAGERRES T REMN(P=0.05) , AR fMftrE R 2ZESE BEME(P <0.05),

Note. The same letter superscripts mean no significant difference ( P=0.05), different letter superscripts mean significant difference (P <0.05).
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R4 M Beagle KOHLEHEIR (v 25, n=3)
Tab.4 Cardiographic parameters of 3 conscious Beagle dogs

i i) QRS B QT ] QTef [a]3 ST B

Time points QRS (s) QT (s) QTef ]3] (s) ST (s)
9:00 ~10:00 0.057 £0.014 0.230 £0.018 0.261 +0. 026 0.191 +£0.011
10:00 ~ 1100 0. 057 +0. 005 0.233 £0. 006 0.266 +0.009* 0.192 +0. 007
11:00 ~12.00 0. 055 £0. 002 0.231 £0.010 0.262 +0. 006 0.193 +£0.019
13:00 ~ 14 .00 0. 055 £0. 001 0.239 +£0. 006 0.255 +0. 017 0. 199 +0. 009
14.00 ~15.00 0. 057 £0. 006 0.232 £0.010 0.246 +0. 009 0.190 +£0.011
17.00 ~ 18.00 0. 049 +0. 003 0.243 £0.014 0.257 0. 008 0.200 +0.011
22.00 ~23.00 0.054 £0.010 0.239 +£0. 002 0.261 +0. 007 0. 196 +0. 005
1:00 ~2.00 0. 055 £0. 004 0.241 £0. 009 0.263 +0.012% 0. 198 +0. 008
5:00 ~6.00 0. 051 £0. 004 0.227 £0.018 0.237 +0. 020" 0.191 +£0.017

e BA R R FRR 22 7 R BEE(P=0.05) AN MARERRZERA BEM(P<0.05),

Note. The same letter superscript means no significant difference ( P=0.05), different letter superscript means significant difference (P <0.05).

RS M SIS RSB E PR RS (v 25, n=9)
Tab.5 Comparison of physiological parameters in anesthetized and conscious Beagle dogs
. DR I 35 3 EHIE QRS Bt QT [al 3 QTef [ 48
T “:‘t Heart rate Respiratory rate Mean blood pressure QRS QT QTef
1mme points
P (bpm) (bpm) (mmHg) (s) (s) (s)
JR B , ' ‘ ) ‘
. 159.5 +17.2* 14.9 £9.8" 122.3 £4.5°¢ 0.073 £0. 004" 0.226 +0. 009" 0.310 £0. 009*
Anesthetized
L ! : I b ab I
. 88.4 +0.9” 23.7 £3.3° 112.7 £11.9° 0. 056 £0. 043 0.231 £0. 003 0.263 +0.014"
Morning
T : ! ! I !
72.7 £10. 3¢ 20.7 £3.5% 112.3+£7.2° 0. 054 £0. 005 0.238 +£0.010* 0.253 £0.012°
Afternoon
Bl : ! : b ! I
Night 75.2 £11.0° 18.5 £3.9% 103.6 £9. 4¢ 0. 054 +0. 006" 0.236 £0.012* 0.254 £0.017°

e BA R R AR TR 22 7 R BE M (P=0.05) AN MAIRERR2ERA BEME(P<0.05),

Note. The same letter superscript means no significant difference ( P=0.05), different letter superscripts means significant difference (P <0.05).

R6 REWEIYN AT (x 25, n =6)

Tab.6 Comparison of physiological parameters in the dogs before and after feeding

iy L W1 A1 5 RS QRS Bt QT [H]34] QTef A1)
Ti “"‘l Heart rate Respiratory rate Mean blood pressure QRS QT QTef
1me poinits
¥ (bpm) (bpm) (mmHg) () () ()
KT Before  70.7 £11.7 19.0+3.3 113.1+8.9 0. 054 +0. 006 0.229 +0.013 0.248 +0.019
KB After  108.9 +18.6 20.7 £2.9 109.8 £5.6 0. 055 £0.007 0.219 £0.017 0.294 +0.022 ™"

.t FORGRERLR, P <0.05, ™ FRE5RER LK, P <0.01,
Note. Compared with that before feeding,
Fif B Zh D F0 AN [5] B 18] B B 7B BR Bh 4 X+ b
7 LB B JRR R A 15 15T ] 2B 4 Bl ) 09 A B S AR
IR AR AL B3 HEEME IR 2047 0.5 .15 min 1Y
BAEAE ] BRI Sh W) Bt

IR IE 5 s 4 K 0 A BRAE bR A7 76 A 0T, i
PEE R S W) B s 4% B 4 (7.00 ~ 12:00) . F 4
(1300 ~18:00) fXIH](22:00 ~6:00) FEit, 5 R
SRR AR R S,

XT HTE FEIR AS RR IR S 19 3l 0 R B 2 T
f I 2 25 T, QRS BEFI QTef [A] 3] i 3% 2B 4 | IF
WA AT T RAI

2.3

* means P <0.05 and ** means P <0.01.

XFFIEE S, b7 00 38 I I 01 5 i e
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T SHER B HTE AR BRAR R AR 1k

Sl #E 8..00 116 .00 HEATHEE K 8.30
~9.00 L& 16:30 ~ 17.00 WA BREIE A N R &
J7,5:00 ~6:00 LK 14:00 ~ 1500 # 0 F 1, 45 5
W#6,
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[(HE] BHM THEEGEA(MTs)EE RSN BUFAIIE (HCC) KA b i sh 82810 & H A
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Changes and significance of metallothionein expression during
hepatocarcinogenesis in C57BL/6J mice

YI Xu', LONG Li*, CHENG Ming-liang®
. Central Laboratory, Second Hospital Affiliated to Guiyang College of Traditional Chinese Medicine, Guiyang 550002, China;
2. Department of Infectious Diseases, Affiliated Hospital of Guizhou Medical University, Guiyang 550004, China)

[ Abstract] Objective To investigate the dynamic changes of metallothionein( MTs ) gene expression and explore
the important significance of MTs during hepatocarcinogenesis. Methods  One hundred and twenty-five SPF 5 - 8-week
old male C57BL/6] mice were randomly divided into control group and model group. Diethylnitrosamine (DEN) was given
to the mice at a dose of 100 mg/kg, ip, and 50 mg/kg, ip, in the first and next week, respectively. The mice were given
ethanol (53% , 5 ml/kg/day, 5 days/week) from the third week of experiment till 35 weeks. At 1, 3,9, 13, 24 and 35
weeks of the experiment, liver samples were taken for histopathological examination of liver damages and incidence of HCC.
The liver index and malondialdehyde ( MDA) of liver homogenate were determined. All liver tissue samples were examined
by histopathology using hematoxylin and eosin (HE) , Masson and reticular fiber staining. Real-time RT-PCR was used to

analyze the mRNA expression level of liver metallothionein-1/2 (MT-1/2) in different periods. Results Progressive liver
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[EWEE TR (1956 - ), B WF5E 7 10 . IR BTG SEAE 5 16 PRAFFST , E-mail : mlcheng@ yeah. net,,
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damages in model group mice were identified in different periods. Hepatocytes abnormal tission and abnormal liver plate

structure, architecture often characteristic of HCC could be seen in approximately 50% of mice at 35 weeks. In addition to

these, a higher liver index also were seen at 35 weeks. Increased MDA levels in the mouse liver tissues were observed in

each stage. Real-time RT-PCR analysis showed that significantly increased transcription of MT-1 and MT-2 at 1, 3 and 9

weeks, then gradually declined and even below the normal level. Conclusions MTs gene expression levels in mouse liver

tissues are changed from significantly increased in the early stage of injury to decreased expression combined with distinct

fibrosis. Our findings further demonstrate that the down-regulation of MTs level is closely correlated with

hepatocarcinogenesis.

[ Key words]

4 J& i 85 1 ( metallothioneins, MTs) f&— /N4y
H oETEREARNES RS S HEN, Hitdlk
REJITE SN Dk ok E B AL 0 ILOR A A 5t ot P-4 02 460
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M 3ok HIR (20 ~23)C
1.2 iK#F
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N0756) ; JTo/K £ (20110714, [E 25 8 A fk 4 5]
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(JK10167 ,3¢[H BD) ; 2004 B &L RNA 2GR &
(L1126, db 50 K AR ) 5 B0 kR RNA 4l {71 &
(KOO011,db5t KAR) 5 10i % 56150 £ (00135397, 56 &

Hepatocellular carcinoma; Carcinogenesis; Metallothionein; Gene expression; Mice

Thermo Scientific) ;2 x SYBR Green Mix (1210, 3¢ [H
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d J& BN BRUBE AL I 6 BREH (60 ) A A 2]
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JERHE S AT O (53% ,5 mL/kg,5 d/JE) , HE
35 JAl, IR RRAL /N AR B 45T K H R K
1.4 KIERAEN T E
14,1 FRARRESHLURI =R, NREE LT
ZENRRIRSS , 4000 T 5559 1.3 9,13 .24 J 35 JE A
58 AR SR AS 31550 e 55 (I H8 %k = JiF
AR E/ AT x 100% ) ;5 BRA R0 2 208 T+
4% FVE TR N [ 52 24 ~48 b 5, A s G 3 B
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SERFFEHIAL H ARGk A2 S R R EA T Fh 3R
BRI AR LA = P Bh 7%
1.4.2  JFFAZVSRN /MY 5 (nmol/mg ) I & .
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0.8 g, BETHIAH 1 mL A FER K B S K 28 F
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AMIEH) ,95°C 10 min (1 PNMEH) ,95°C 15 s,60°C
1 min(40 NMEH) . BRFERN Co LR —FAW



o LA B A 2 2016 4F 8 5526 458 8 1 Chin J Comp Med, August 2016, Vol. 26. No. 8 55

NS IR IE J5 T35 4% 4i Ta) AR AN JE R A 24 Cr, i i
2 MO ) 0 3 R A Fe A 255+, B-actin  MT-
1 K MT2 5 50 % /¥ % 0 F. MT-1 F5'-
AATGTGCCCAGGGCTGTGT-3', R5’- GCTGGGTT
GGTCCGATACTATT-3'; MT-2  F5'-TGTGCCTCC
GATGGATCCT-3', R5’-GCAGCCCTGGGAGCACTT-
3’; B-actin F 5'-GGCCAACCGTGAAAAGATGA-3',
R5'- CAGCCTGGATGGCTACGTACA-3'
1.5 SitEAE

SR SPSS 19. 0 et Fb A b 2, Bis LA
x +5 P, WIZH AN [ s BEASCHE 11 EL 3R FH i 4 o
[R5 25455387, LA P <0. 05 725 S0 8k

2 FR

2.1 MRAFEBHERETREFZYE
35 JElJ , 1E K 4/ BRI PR AT AL A g BE k2
U2 /N BRI A1 0 5 5 46 €0, i B | Jo s A2 A EL

FMTE K NAFELET (R K EARFIAE]0.5~1.0
em) (K1), i H&E Masson Fl /R £F 4 e (4 5%
Liowy e WD e O R I D e U
B2 SARIRINIE, REA MR (K 2 A,B) ;9 Rl
A D240 B SCBRAE AR R D5 A8 1, 35 40 L 4L mT T
BRI (190) MEFAALIE L (B 2 C) 513 i J5 v WL B
IR R RINGE 1T T HELIE R (2 D) ;24 JER
DL IR IR AL R HSR L 5 %5 4 1 R M AL 3
AT R IE B (R 2 E) 535 JE R ] DL 5% 4%
SPRUR B R EER (FAREGEIE n =3 )2 ) &
JHF 200 M9 o 3 B A R AT R o % 1k A IR Vi | £F A
(] B S A/ NHIE L (L2 F) o
2.2 PBHAEIEEIR BTLHLR 5% MDA KFE

LB 35 JAJG , S5 0E R AL g, B A /N BRURF AT
W BER B EFE B (P <0.01) ; TEMEE T 6
AN B, AR TR 2 2 5L PR L O R 4t B i A T 4
MDA 7K (P <0.01) (£ 1),

K1 ANFINBIFASLE MDA &rit BT IEFE 5 (% £ 5)

Tab.1 MDA in the liver homogenate and the liver index at different periods

N6 6 {@2Y) IEH 4 FiAIZH
| Total number of mice Control group Model group
i) (Ji) Weeks - — — — — o
TEH A iR N MDA JFRESE % T MDA IR ERe
Control group Model group nmol/mg Liver index nmol/mg Liver index
1 10 10 8.12 +0.33 4.72 +0.40 12.69 +0. 10° 4.33 +0.17
3 10 10 7.61 £0.22 4.41 +£0.53 13.32 +0. 10° 4.0+0.40
9 10 10 7.63 0. 14 5.67 +0.78 14.76 +0. 28* 4.67 £0.48
13 10 10 7.84 +£0.41 4.23 +£0.36 15.42 +£0. 50° 5.06 £0.20
24 10 10 8.13 +0.21 4.46 £0.42 15.16 +0. 30* 6.53 +0.85
35 10 15 7.93 +£0.13 4.77 £0.71 15.82 +0. 54* 9.14 +1. 80"

T SIEWA L, P <0.01,
Note. *P <0.01, compared with the control group.

Vs Ac IERALB: BURYL
1 35 JAARIEH 2 S5 RIA/IN BRUHF I AU (77 Sk g 4515 )
Note. A: Control group; B: Model group

Fig.1 Representative images of the mouse livers at 35-week (arrows indicate the tumor nodules)
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ZES

Reticular fiber

B

: AB.C.D.EF Fr5I b3 139,13 24 J 35 AR HLALUE T WL km A SR BEROE ) |
B2 KRREEEB/NRFZZ HEE Masson X PUREF 4G 45 T W (FRR =100 pm/50 pum)
Note. A-F. Light microscopy of mice liver at 1 ,3, 9, 13, 24 and 35 weeks, respectively (arrows indicate the pathological changes of liver) .

Fig.2 Pathological changes of the liver in mice. H&E, Masson and reticular fiber staining. (Bar =100 pm/50 pm)

2.3 BFHAZL MT-1 MT-2 mRNA 7k F BRI /N BUAA s B OE B 4 3 B G MT-1
EH AN RAEAS A I B A A AR T2 mRNA F£ikKF (P <0.01) , LI FE 3k R 32 W
MT-1 B¢ MT-2 mRNA Fik/KF; 5081 3.9 & 13 JH IG5 24 J2 35 JEIOR , AU 4H /)N BRHFEH 2 MT-1 1)
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®2  AFEB/NFUF4Z] MT-1 MT-2 mRNA F357KF- 504
Tab.2 Analysis of MT-1/MT-2 mRNA levels in the mouse liver at different periods

MR (R)

B

FERIZH

EEIED) Total number of he mice Control group Model group
Weeks . L4 Lt MT-1 MT-2 MT-1 MT-2
Control group Model group
1 10 10 0.15+0.05 0.12 0 5.70 £0.07* 1.76 £0.07¢
3 10 10 0.11 +0 0.09 +0 1.50 +0. 04* 1.28 0. 02*
9 10 10 0.12+0 0.11 +0 0.98 0. 02* 0. 68 +0. 04"
13 10 10 0.11 £0 0.13 +0 0.57 £0.02* 0.17 £0.01
24 10 10 0.11 £0 0.11 +0 0.02 £0* 0.01 +0*
35 10 15 0.12 +0 0.1+0 0.01 +0* 0.01 +0*

IE: SIEFHLE, P <0.01

Note. P <0.01, compared with the control group.

mRNA 7P E ST IEH A /ML (P <0.01) s MT-
2 mRNA RiEKF-F o256 13 R 55 440,
24 A B ER T IEFH/NR(E2),

3 itig
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FVER 3 375 R AE AH S FE T~ 4 0 Pk e | 37 e 4%
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fise , 4n HCC*' . 38 ] DEN 5 39 C57BL/6J /)
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L D B = — B0, 12 ] HCC IR IR
FEAR, e BRAA AL 2L b MT 23k 7t 3515 A1 1 114 48
VIEH ATZHL, Park Y 261" R0, MT-1 MT-2 A
HCC A SUA A% N4 B BT MT-1 MT-2 Fik iy %
KA ES A  BE, Z o0 /& aHriE s MT-1,
MT-2 Fik (855 & JC 2 & A7 FLE A A7 3R B il ST
WjE A RN E, BFE R MTs # bk B ( MTKO
BR) S T B Y AR AR B KT, MTs Y i
Ja i fE NF-«B L EL H AL UE DEN 5 5 (19 19 2
W, R gE 4 SRR MTs 8 ] (85 e Y
RABYIFSE, I, A LT HCC kA f
MTs FRiBKF-HARA, i —DUE S S HCC RAER)
S, ZEF ARSI A SCl s il 4 HCC &
A SA/NRBSI B, T T AR B F 4120 MTs
FE N 1 S KF

FE PR A OC M 988 T2 L B ML B HCC b 2#
75 A £ 1 R B, AR SCS % ek o ik R A
25 S B B /N B HCC KA LUs (L
Y HEWAEIE (DEN) 5| &, BN PE k5],
T IR A 4 X6 JFE U 114 463 43 - 21 e A -

FEAR R NS HCC fO & A s AL L BFge 3k
B HCC B9 % A B 517 5 0 Kok A A1, i 5 1
) AR FER R A P! . Brandon-Warner 25 /5%
T X HCC KAERISER | I8V £ BEME 57 e P
[i] DEN HH S5 38 hin ek /s BRUMRg i e A=), 3 F B
BT 5, A SCREFEMEYE CSTBL/6T /N R o 51
BHzhY, 458K, LW + DEN ZbBE 35 &, i
AT /N B R AT D f R ORG AE R B R AT
B RSB0 i Fi e A8 L MR B HCC & AR 45 B
S [ A 3 3k e AN [ BT 4 4 B 2 SR Ak )
PR R Ut 8 7% T R TR 4 /)N BRI 2386 i A B AE TP —
Wi,

TN B DEN KPR AR 2 M JH- 41 i g
TR BB, LGS 22 [ ST RN MTs B
2 B IR S A AT T8 A A B e JE AT BT R
PR B4 AR FE AR MTs 7K F3h 8728k 5 HOC & 2R 1
M HAFEEMFERESIGRE X, 7EHZLs)
Y MTs 4235 4 FhIE R (MT1-MT4 ) , Horb MT-1 il
MT-2 JLFA77E T T A 28 R AR 4L 41, B %k 22 Fh ol
AT G R B AR AR R AR AR T
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A long-term study of the toxicity of an Uyghur medicine,
Kursi Kaknaq, on hematological parameters in rats

Rabigul - Islam' , Abdujilil- abdugheny' , LENG Ying-li*, WANG Jing’
(1. Institute of Xinjiang Traditional Uyghur Medicine, Urumgqi 830049, China;
2. Xinjiang Yinduolan Uyghur Medicine Co. Ltd. , Urumgqi 830013)

[ Abstract] Objective To investigate the long-term toxicity of an Uyhgur medicine, Kursi Kaknaq, on hematological
parameters in the rats. Methods A total of 120 healthy Sprague-Dawley rats were randomly divided into the control, low
dose (0.32 g/kg-d ), moderate dose (1.6 g/kg-d) and high dose (3.2¢/kg-d) Kursi Kaknaq groups. The drug was
given orally, 6 days per week for 180 days. The control group was given 0. 5% sodium carboxymethyl cellulose suspension.
Results No death was recorded in the rats and no obvious toxic events were observed during the experiment.
Hematological parameters including RBC, HGB, MCH, MCHC, LYMP% , WBC, and PLT; biochemical parameters
including ALT,AST, ALP, GLU, BUN, ALB ,TBIL, Crea, TCHO, TG, and CK; elecirolyte time parameters such as
K*, Na®, Cl- and prothrombin time( PT) showed statistically significant differences (P <0.05 and P <0.01), but did

not show time and dose effect regularity, and no pathological significance. Conclusions No obvious toxic effects on
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hematological parameters are observed in the SD rats treated with Kursi Kaknaq at doses of 0.32 g, 1.6 g, or 3.2 g (crude

drug)/ kg-d orally administered for 180 days, indicating that this drug is safe for long-term clinical use.
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A53T a-synuclein 7] SH-SY5Y #fififd 2 #Y
g (UL RESERENHE SN

e, B EE RNE, R
(HEOTIE SRS, ¥57 261053)

[HE] HM  FRERERIE AS3T a-synuclein X 4 28 BE A0 MR SH-SYSY 40 At rf 2 78 48 0 B0 e 5 52 A%
(VMAT2) EHRBEM M, Fik  HE AS3Ta-synuclein A% R iR, AR B A lipofectamine™ 2000 %% 4% SH-
SYSY 4}, 2 G418 T Bk 15 F8 22 % Y 0 v e AN A MR ; 43 3ok . Western blotting K& DCFH-DA & €5 6 0 41 i R
A53T a-synuclein 33 FIRXF VMAT2 2 [ 1) 235 S A0 ML 16 PR BT (ROS) KRR, 455 Western blotting
SEIL R VMAT2 HIZRIATFE R 2 238 AS3T a-synuclein ()40 2R F B Ik, DCFH-DA % (45 1 R a8 R ik
AS3T a-synuclein 4L 5 P DCF signal (507.3 7. 1) 55 R4 (410.7 +10.5) FIBIEZL (P <0.05), &it  AS3T
a-synuclein REASIE LN H VMAT2 (9335, 3N ANML P99 ROS ZKF, ZEIA & ARIR 1Y A 1 Bt vh R 2R

[%R] MAL AR ; AS3T a-synuclein; VMAT2

[HESZEE] R33 [ XEk#RIZED] A [ XEHS)1671-7856(2016) 08-0066-04

doi; 10.3969. j. issn. 1671 —7856. 2016. 08. 010

A53T a-synuclein decreases the expression of type 2 vesicular
monoamine transporter in neuroblastoma SH-SYS5Y cells

MAN Jian-mei, GUO Jun-tang, ZHANG Dai-juan, CHEN An-qi
(School of Clinical Medicine, Weifang Medical University, Weifang 261053, China)

[ Abstract]  Objective To investigate the effect of AS3T a-synuclein on the expression of type 2 vesicular
monoamine transporter ( VMAT2) in neuronblastoma SH-SY5Y cells stably expressing A53T a-synuclein. Methods
A53T a-synuclein eukaryotic plasmid was constructed by transfection of the SH-SY5Y cells using Lipofectamine™ 2000,
and a stable transfected monoclonal cell line was selected by G418. Western blotting and DCFH-DA staining were used to
detect the effect of AS3T a-synuclein overexpression on the expression of VMAT2 protein and level of reactive oxygen
species (ROS). Results Western blotting showed that compared with the control group, the expression of VMAT2 protein
was significantly decreased, and DCFH-DA staining showed that DCF signal was significantly increased (507.3 +7.1)
than that in the cell line stably expressing AS3T a-synuclein (410.7 +10.5) (P <0.05). Conclusions A53T «-
synuclein can increase the intracellular ROS level by inhibiting the expression of VMAT2, thereby playing an important role
in the pathogenesis of Parkinson's disease.

[ Key words] Parkinson's disease; A53T a-synuclein; VMAT2
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45 7% FCHR ( Parkinson’s disease, PD) [ 3B 0%
PRRRAE 2 B 5T 22 19 JH BB A 48 0T 1Y a0 5 PR 72 1 e
Lewy body (LB) BJJE i, a-synuclein J& LB [ 8 2 5
A3 AS3T a-synuclein & AATTAE Y £k 1 5%
1% PD R I SR 5 PD Y &R VA
K, B E R B R A A BT K B AS3T a-
synuclein 1] 5 VMAT2 FEMARSN & A 5 5020 [ 4
HAEMP, R AS3T a-synuclein 25 T £ B Ig
(DA) AR R 72 76 PD 1 2 LU R ou i 8%
PEAEVES AR h R AR . AT ST H R S R E
ik AS3T a-synuclein B 41 il &, Ff o 58 H XF
VMAT2 & HFRIAREM, SHRTTE PD Y A A HL 12
PRI

1 #MEFAEE

1.1 ##

BRI SH-SYSY 4 il [ Hh [ B 2 R
2 e JE Al T A L o0 s #E4F AS3T a-synuclein [ T
WA K B-2FFLBE A9 peDNA3. 0-Lacz EL A% 41 il
ik B AK Ry A = R AF; Lipofectamine™ 2000 1 H
Gibco BRL; LIZEHT A VMAT2 Z 5 bk /NBTA
a-synuclein Z SREPUA /NRBTA B-actin B 58 DT
1K H Santa Cruz; HUHREF( HRP) #3ic 1gG W H 42
445 Xhol HindIII \T,DNA ¥EH: | 5515 2 Pyrobest
DNA REWN A KiE R A ;2 77 - @R
ftfzEh ( DCFH-DA)  X-gal 4 H Sigma; G418 Iy H
Amersco; PCR 514 H VA 7] A
1.2 Fi&
1.2.1 EHBERIXHIEBHE: FHIEL5Y
cttcataagcttcgacagtgtget (& HindIIL PN Y EEA7 15 Al
X 5|¥) taagatctcgaggaaactgggageaaag (75 Xhol P Uil
75, AR AS3T a-synuclein [ T % {4 A 455 4
17 PCR FUW . 4504 94°C Z54% 1 min,60°C 1B & 30
s, 72°CHEAf 30 5,25 DMEH, B PCR =¥ 5
peDNA3. 0 435 HindIII 1 Xhol E§YI, BV F=4)
aifbJ5 A T, % HE 4°C 300 %5 ¥ 4k DH 5a
RS2SR T, PRI TR % /N i 1, BEIROBRE
FH HindIIT A1 Xhol M) % % I HEA T Fr, I Fr 1E A
(Y 5ERE A 4 K pcDNA3. 0-A53T,
1.2.2 MR Rk g ¥ SH-SYSY $efh T b
DMEM 15573 (3% 10% Jif 4 L3 , 100 1U/mL 5 %
£ ,100pg/mL #5582 ) H1,37°C ,5% CO, K537 vt
BRI A M 2 Fh 31 24 FLAR N, 20 41 5% B 5K )

50% ~ 80% I, ¥ B G BT {& Lipofectamine™ 2000
(Gibco BRL) Ut k4744 0% . 24 h M ABiA R
T G418 M58 ARG 37 FE AT RRSL 0 1E | W A J5 PR it
BT R T Y KB SR I AR AR R e 1 ) 2 A A
LI, faERIA AS3T a-synuclein SRS )
Y FRE FRIE B2 FUME T 1 40 Ff R R X A
1.2.3  B-PZUME T RS A . 555 72 h )5,
FHVKYR 1 PBS VAN PR, 10% FF [ 2 Y =2 ik
[t 5 5 min, PBS VEEPIUUG A X-gal Gt i (1g/
L),37 °C % & 12 h, WU N WS, iYL 4%
ik B-2VFUME ATl B PE 41

1.2.4  Western blotting il £ FH 235 . fgaiiE v fb 20
)5 ,1 000 ¢ &.0> 10 min, PBS ¥ 3 KJa, 7 Lk
WA 1/5 B 6 x SDS & i FAEZE il | IR
A1) 100 °C & W 10 min #E1T 12% SDS-PAGE #Efi
HLvk , B G 2 2 PVDF )5, FH TBST # R 1Y 5%
IR 8y 2 IR 4R B B 1 h, —HT (VMAT2 Hifk 1:
500, a-synuclein FLK 1: 500, B-actin HFLIAK 1:500) =
IRFFE 4 h,1:5000 —H=RME 1 h, ECL fb¥k
JEE R,

1.2.5 R4 SR I 40 e N ROS 7K. 553740
JfL 24 h e PR R AT 0 AL 5 F 20 B T B TR T
A TEIMLTE R FE 3 il A DCFH-DA (10 wmol/L) ,
JEE 20 min J5, B0 UCER A, PBS B Uk I 40 Ml
3K, i A OB R IF T 500 L PBS, ¥ =X 40 g%
(E6155, BD FACS Calibur) H I 2¢ Y6 5% i, 2K
10 000 4>, EE % 3 1K, ic 5% 734 DCF signal,

1.2.6 Sty Bl DAISE « bRuE2E (x £5)
IR, GIFETRA K,

2 R

2.1 pcDNA3. 0-AS3T ERIEHEHLEE

Hind 11T 1 Xhol AL fiHJ] pcDNA3. 0 Fl pcDNA3. 0-
AS3T, BT ik AT UL 1 9K B4 500 bp 2247 K/
M5, SRS R —3 (ULIE 1) . DNA JF45
5 Genbank fRiE K F 5 —3,
2.2 BERZEB-FABEHBAMRNETE

B IR AR pCMVSYN-AS3T %A B-2FFL b
TR TR Jo i = A -2 L il , T
YEHT X-gal H g ng| ik 20 0 5 95 €0, AU, R 7%
Yy B2 LT G IE R 0 4 i R e 6 7 A Bk FLbE
T, A0 A B A R G SR B LM A
A R PR E RIS . WE 2 B,
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2.3 Western blotting 45 £

Western blotting 255 i 7, 7 SH-SYSY 4 Jifg
£ Wy A= 7Y a-synuclein FHEM I, (5N a-synuclein =
)RR B TR B FE Y% AS3T a-synuclein 40 fifl
T (SRR ) B E R IK B-F LB AN R (3R
)L FERAMAE R A AS3T a-synuclein A9
IR VMAT2 7250560 4 b (i R A R S 21
SRR, AnlE 3 s
2.4 HEEA ROS 7K FEHE/L

300

e DA maril; DAL O-ASET:2, VAR 0 U1 4 B, B Fik AS3T asynuclein 41
1 pcDNA3. 0-AS3T ELAZ IR HAR G V) % & ZM DCF signal (507.3 +7. 1) fekase %3k k3L

M. DNA marker; Lane 1: pcDNA3. 0-A53T; Lane 2: pcDNA3. 0. e Lo
WA B 40 M 3 (410.7 £10.5) Bl B m (P <

0.05) , 32/~ A53Ta-synuclein i 1k AE 1% B {38 Jin
il ROS HI774:

Fig.1 Identification of eukaryotic expression

vector pcDNA3. 0-A53T

T AL RERIS B-FILMH IR ; B: T RIS A53Ta-synuclein 4l 7
B2 X-gal Y@l - FL0EH MR 25
Note. A: Cells stably expressing B-galactosidase; B: Cells stably expressing A53T a-synuclein.
Fig.2 The detection of B-galactosidase by X-gal staining

800 =
VMAT2
600+
S
A33To-synuclein [f 400 — ——
2
200~
[-actin
B | Papitel 0 Lacz AS3T
T SR RUEFRIK AS3Ta-synuclein I ; 4 HMEZE P ROS AKEHASY,
RERAL BAE RIS Bk ILHFT A R , ) ,
) . Fig.4 Changes of intracellular ROS level
B3 Western blotting K AS3T
a-synuclein &2 VMAT2 (31K
3 itie

Note. Experimental group: Cells stably expressing

A53T oc-synucleir.l. Control gro.up; Cells stably ()L—Synuclein 7\% - ﬂEEIJ ﬂ ﬁ 5”5 B-‘ﬁg’ *ﬁ # ééf *@
expressing 3-galactosidase. N ,
AT ; b 1k,
Fig.3 Expression of A53T a-synuclein and (NAC) Ry AT HEAR 1 B, B 000 T P KA 22 R 4
VMAT?2 detected by Western blotting SREAMTTA Y FIAZ R, 76 58 il B i i | w223 T 1Y
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Rl N 22 0 e g AR o A b B S Y M A
FHY ) a-Synuclein 2 IE B BSR4 & b H 5 B
e Z [BI A7 A2 8l 25 P47, 2 87 i 4n Hh B R & 4 R 7
B, oS ERKLAHEERBIE K, Peelacrts W
SEONA R MR R Y T, e R T
PEIZ 3 T Re 4 T A4 ML AE T2, BAK B LR RN TE
#. HEIA M SE PD AWM EZERNE S
DA SEARE™ A ROS A6, BReE 5 EM 4T
M AR E T AP DA, JEHUE DA 4R
WrE Y RE % 5 a-synuclein A1 B /E H, & #F «-
synuclein A 5 5 B 45 K 47 44k, T LB /A
RRRMET, Z Bk — BAEM & Iuh A a, S ]
DU VMAT2 12 1) 5 fil %% 30 vh JEAT A 47, 5 00
X2 RGN Y DA BEASIE I B B S A0 R 5 ik
7= ROS

AT 1 Western blotting ¥ i 7~ AS3T a-
synuclein £ SH-SYSY 4}l & s e @Rk, ik
— ST PD KA HLEI R A T R AF A iR . 7R
e #235 AS3T a-synuclein 4} & H AT VMAT2 %
IROKAF- B AR T X B 32 7R HOA ] VMAT2 25
HERIBIER . A T i — 2R3 AS3T a-synuclein
PO VMAT2 %35 7T 6 X7 4 jfl 3R 7 A= i 52 e, FR A7)
i DCFH-DA He el 41 il A ROS 7K 1221k,
ZERE 7N AS3T a-synuclein 13 3 15 BE A% B I A9 14 i
AN EY ROS 7K, 3 A fiE -5 HAW ] VMAT2 f93
ARV R, Eitl, FATIN 3Rk iy AS3T
a-synuclein YEF T VMAT2, T # H. 4 (1 3R ik K F,
FTHE T 40 DA B9-F-4 , Bl 40 0 8 ROS A,

T 0 40 L 45 . AS3Ta-synuclein H01 7] 5 i)
VMAT2 B[R 1) 3Rk K BART Re A 15 T3 — P oR .
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A5 175 R LRI JBE AQPT T AQPS FJER 5
F B4 T.FE B, FEE

(SN 2= B I 1% B O EE B 202 T RS 9% BH - 471000)

[WE] HH HoE/KEEEMA AQPL & AQPS J& 7578 K FUINI T 241 ifi 45 A (WP B ) 223k | 1 M F 55 & P il
i3 (ALD) KRB AQPL Al AQPS WYX MM E THMER ., FiE  RAEAMPIA AQPL Hl AQPS HLfik, I A
GoPE LA I S e LB R T IR ST AQP1 S AQPS FENFIR AR A4 A5 . 6 FHAT I8 P9 78 12 B 22 1 ( LPS) AR K Bl ALT 3
YIBR BFSE ALL BRI AQPL 2 AQPS Y754k, Z5R e i ta R AQP1 FEZRIA T IE Il 20 2L (0 ol il A8
NEZ, T AQPS FEEFRFAliv [ Y b iz 4, Sy gl ib sy bt —4 B LPS #E{H /5 4h ~48hAQP1 K AQPS 7EN
W BRI 2Tk 4R % AQPT ZR LT LPS HEVE)S 24h I E TS B M KE (P <0.05) 1 AQPS TiX F ik = M4
i ALL B AQP1 & AQPS ZEIFIR I ) 223518 /0  $27R ALL BsF AQP1 Fll AQPS 19 F K35 1T B 5 H iR ¥z 1y 57
AR,

[X4R)] AKEEEA 1, GEBEEA S, 20, 3R

(FESES]) R33 [ X#ARREE]) A [XEHS]1671-7856(2016) 08-0070-05

doi; 10.3969. j. issn. 1671 —7856. 2016. 08. 011

Expression of AQP1 and AQPS is decreased in the alveolar-capillary
membrane in rats with acute lung injury

YUE Sheng, ZHU Ping, YUE Lei, QIAO Guo-hua
(Department of Emergency, Luoyang Central Hospital, the Affiliated Hospital of
Zhengzhou University, Luoyang, Henan 471000, China)

[ Abstract] Objective To determine if aquaporinl ( AQP1) and aquaporinS ( AQP5) are expressed in the
alveolar-capillary membrane in rats, and to investigate the changes of AQP1 and AQP5 expression in the rat with acute lung
injury. Methods The distribution of AQP1 and AQPS5 in alveolar capillary membrane was investigated by
immunohistochemistry and immunoelectron microscopy with affinity-purified antibodies to human AQP1 and AQP5. The
possibility that alveolar capillary membrane AQP1 and AQP5 undergo altered regulation was studied by a rat model
established using intra-tracheal instillation of lipopolysaccharide (LPS). Results Immunolabelling showed that AQP1 was
stained primarily in the microvascular endothelium of normal lungs, while AQPS5 was expressed in type I pneumocytes.
Immunohistochemical analysis showed a significant decrease in the expression of AQP1 and AQPS5 in injured lungs at 4 —48
h after LPS instillation. AQP1 protein was resumed partly at 24 h after LPS instillation and steroid administration, whereas
AQPS was unchanged. Conclusions The decreased expressions of AQP1 and AQPS in injured lungs suggest that both of
them may play a role in abnormal fluid transportation.

[ Key words] Aquaporin 1, AQP1; Aquaporin 5, AQP5; Acute lung injury; Fluid transportation; Steroid; Rat

I R, 7K b BT i R i T B M B A0 LA BOWRAREL I | AR R OC Tl 41 4L P i AR e i 1 431
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o LA B A 2 2016 4F 8 5526 458 8 1 Chin J Comp Med, August 2016, Vol. 26. No. 8 71

ML 5T 87 |, 7K 38 38 2 1 (aquaporins, AQPs ) J&
— L AEN 2L B W A 9 3Rk 0 K SR B E T Y o K
JBE, EATTRT LA 58 % 6 T K A 7 W D dg, R T
DUIAR b i AR 3 s A — S EE A
T, HE TS e R Il 4 2 A s e, 3 T I
PR T3 o WIS 2R AR K I A 5. B
I, V0 R 30 7K 38 38 2 IR 2P E B 45 (acute lung
injury,, ALD) FYBFFEIBAR D . ASBFFEHT 1 /K i E 2R
F AL AQPL Fl AQPS 7 K Ui 162 =6 41 ifin 5
(iR, FIF 5T N 35 2 (LPS) 5 5 19 S0tk it 2 47
(ALD) K EBAI fr AQP1 Fl AQPS 1Y 35 115 K i
ETWMEN.

1 ##FTE

1.1 zh#¥

Mtk SD KRS 45 HO B0l 7 1 i 5838 K23
Yzt (SCXK (971) 2013 —0013) , 45 2 (230
+15) g, A RIS I 27 B 38 P o0 5 Bt
FYLEEE (SYXK (#) 2011 - 0076) (75 T 3 55
IR SR E RS R MR SR 1 RR
1.2 RXFIFALES

EEBT A AQPL Z s EHLIR, K BBt A AQPS
PSR NPT B — actin BTTREBUIA Y [ 55
Sigma 7~ A, S 411k S-P {5 &, DAB & {2357
¥ I P AEZAEYH RN, RPMI Medium
1640 Hi %L, Western-blot %% EPAY, 25 H HL 3K AU A A
%[ Bio-Rad A Hl, 54 24 LAk ,OMEM 5529
DMSO | FFRAY e R LIRSS,

1.3 SRR SRR A §l &

% SD KEBANLN 3 21, B NS 2 (XFHE4H) (n
=10) ,JEZ B (LPS) 4l (n =20) I E 4 (n =
15) . ¥ 3 AR BRI L RBERREE, 28538, NS
XHHRZH (n =10)3% 0. 5 mL/kg NS ¥EFERB/E 12
h J5 58 H AR A (R AE A 4 2148k, # LPS (E.
coli serotype 055: B5 LPS, Sigma, USA) #% 200 pg/
kg % TJCIE NS, i 25 S43LF KK 0.5 mL/kg
BT, MBS ASTEST LPS J5 4 h 12 h 24 h Al
48 h ZEARFEBr B (n =5) B R BT H 240, R
HARFL T 0.5 mL/kg LPS(200 wg/kg) & W IE
5t I [R5 7 F JL 58 B A (30 me/kg) & Ik T
Bt MELTSE 4 h 12 h 24 h S ARRB (n =5)
(1K U ZH 2R 4k
1.4 FERGEN

W IR BN s 1 136 B B 2244 (50 mg/kg) , 31 8)
A A W e R BRIt A B 5 6 il 41 2R
S R 2.5 mL Y 37°C TCH JCHR 1 IR 2%
M (PBS) T4 ERAE T VR I A 4, 4t
9 W, 55 1 IRBYBEVEM oA 8 4~ 2.5 mL
VRV A [ WSO S A P b v 2 3 3 S 4
0%

2R 5 IF4T HE Y4, 4% BAL 7£ 1 000 1/
min £ 10 min, A . BAL oY 2 K 46 5
IR B e . A T BliER 4 H 4% 2 5 H
T T, A W A g Il U 7 i R H 0 A e £
SRR SGCEE T OES, XK B B AT SR g 4 At
5%, 3 BT U A e g T R B R A, A2 il
Y FLARR A HEAT R o, AR A5 il B, SR 5 8 i B
T 60°C IRAH N THRMK 5 d, 13 H 8 & A F AR Ak
PRI
1.5 RARNUFEMEERENE

AQP1 Fl AQP5 TEfIH iy RIE . (1) e
e, Hal R & U] e, P AQPL Prikuk i
1: 1000, Hit AQP5 HUIRVEEE 1: 1000, EIZR 5 #r il
AQP1 Fll AQPS PHYEYE (2 (3O (A) o (2) %R
PERLBE LA, P AOPS HUIRMREE 1: 1000, (3) fitidd
ZURIE H AOP1 K AQPS 73 Hir: S Bl ik — it
(i AQPL Hiifk 1: 1000: HL AQP5 Hifdk,1: 500),
4CHIM R , —PU(BRPEBER AR IC, 12 2000) E &
R, PRPE R A FRE 6 2 UVP SRR
BRI N AR A A,

1.6 EBRANFEERIE

AQP1 F1 AQPS 75 fiti 4 24 v (1) & 35 5ik 4K BH 1
A A . (1) BIMEC - ) PP EL <5% 5
(2) 5B +) B %L 5% ~20% 5 (3) FHE
(+ +): PHYEAMIEL 20% ~60% 5 (4) 5RBHTE( + +
+) : FAPEAH IS > 60%

1.7 Western-blot # il & H A A LR AQP1 #1
AQPs EHSE

2520 i 20 2 B B, A B 2R TR LA
PMSF(50 pL PMSF + 3 mL & 2 @) , A3
PRUTEEZH 2H . 4°C 244 30 min, B A 4°C{HIRE.LAL,
PAES 0242 10 em .12 000 r/min B0 15 min, Y&
VEW,BCA B SR A PR, KRR 8
ne TE 5% ~17% 1 —Jt FE A R 4N 3% DN s Tk g 458 i
HL UK 5, ¥ PVDF i, PBS ¥ JiN 0.05% Tween-20
(PBS-T) VE¥,2% AR Wik % i £ 1 2 h; 71
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PBS-T ¥EHE, in AQP1 Fil AQP5S —H1,4°C I F 11,
PBS-T V¥, 40 (Fhif/ R 1g6) EMFHF 2 h,
PBS-T Vi, H ECL JrikfEmE = W5, X 4k 7 il
K H Image Pro Plus ST 450 B2 5L
1.8 FitFEHZE

N H] SPSS 18. 0 B i EFORER - ¢ K5, 3t
FPORSR T 220047, P <0. 05 25455 X,

HR

2.1 MM ERE

3P ITAE K RIAEN, LPS 4K BRI IE
B, A NS X HRZH K SRR 2 80 Ik K 95 +2. 6 mmHg
HA, LPS 41 K BP0 30 kO B Sk A1, 4 h i 12
h (521 B k43551 4 68 + 6.6 mmHg F1 71 6. 8
mmHg, K227 A2 X (P <0.05), 24 h #
48 h KREHF- 30 k£ 43 514 83 +10. 4 mmHg
87 +7.9 mmHg, A FAMKE {HFT NS X IR KK
L, 22 A G 2E = L (P <0.05)

LPS WEVES , K BUA IR+ & L7 B E 1 4 h
F12 h B E 80, 5050k 6. 73 +0. 68 16.50 +
0.59,F1 NS XFHEZI KB (4. 48 +0.37) [L#, £ 7 H
HEIT2E X (P <0.05) , FINS XFHRA1 KR (4. 48
+0.37) tbdss, LPS 41K B 24 h 1 48 h B ffije T &
2R LI E (P >0.05),
2.2 LPSAHAMBAZRE

HAVERA o, LPS A KRAE G ,4 h M
12 b J5, R BRI E) BT 7K e, it 28 20 B Sk v s 4
R, BTN K RU AL 20 T At b i b i, 40
JHLREE 5 A5 2 il 90 s 223 ) ) 360 UK, [T Bsf I 784 4
ST, 524 h F148 h Ji , 7l 2l 2L b

[

SRR L2 A8 Ak, A6 R 2 W RE T s, Jili 1] Bk
Jn A, FELBE LA il 6 A0 A8 v 2, (R R AN
2.3 AQP1 1 AQP5 EIEE AR MMEP DT

TE NS XA, Sy bric ik s AQPL FEZE A
Tt 2L 2R A5 8 A B A R, LA K /38 43 A 7
ili 1 S AR (P 1) o K s AQPS B IRTE
1 AU 58 E e qk (1 2) (BORAE 11 BY i b 4 40
ML LA RO R 248 L R ) S5 40 B PN 3 AT B e LR I
7 AQPT FETRUILAS PN B 44 B 1) T00 sty 1 356 JEC 6L, 1
AQPS FEAFTET 1 BUfiliyy b iz 4 e iy ToUpss (161 3 )
2.4 A[E4HI1E AQP1 1 AQP5 TR iE

SAGNVEDE LPS 4 h ~48 h 5, Sl Ak ik
SUMZHEZLR AQP1 A1 AQPS A1k, 5 NS XJ 4]
Fb#s, LPS 41 AQP1 Fl AQPS 7E 4 g i e 18 AL B I
FETEYL R A0 RN AR {H NS X R4
FL#, LPS 445N B Be i) AQPT ik B FEAIK (& 1 A1
4), 54 h~12 h BrEAY LPS 4 K EAH L 24 h ~48
h J& , LPS 4K B AQPT FEIkTAMKE (F 1), 5
—J7 1, LPS 4 R FRMZHZT AQPS ik 4 h ~48 h 4%
B A TR, 24 h ~ 48 h J5 WA A Ak
H(ES),

A, 25 R 1 LPS ZHAH I & 4Kk BUAE
S NUETE LPS BA SR A e ST 4 h ~ 12
h I, R Bl 2H 23U 4 TN B2 0 ML AQPT 1Y 3R A 4
L, EFAGEE (P <0.05) {5 T Ay 40 g
HAQPS 119 3¢ 18 WU AS 37 3 3 (%) 4 e B9 5% ) (3%
1), BeAh, R AR RAE ST B i e 4 h ~
12 h J& , BAL ¥ H AR VR B2 F PMIND i 3R B
TIE BH 354 2% A 96 76 200 i A5 53 3 M R A

£ 1 LPSHKK B BALF ' PMN% FfifiZH 4R rh AQPL 1 AQPS S (x =5 )
Tab.1 Content of AQP5 and AQPI in the lung tissue and PMN% of BALF of the LPS group at each stage( x +s )

o iﬁ%ﬂfﬁ@‘?ﬁi?ﬁﬁ i”ﬁ%ﬁf?@?ﬁé‘i%?ﬁﬂ‘ 7J<iﬁiﬁ$]'[ 7J<i)ﬁiﬁ§]'l
TS r R A L £ AQP1 JKEEfH AQP5 JK B {H
Groups Albumin in BALF PMN% in BALF AQP1grayscale (A) AQP5grayscale (A)
(NSI\I(iriq:ffiiup) 0.15 +0.03 7.3£2.3 33.5+5.3 24.6 £3.6 "
LPS 4 h 0.54 +0.16 " 89.6+7.3"7 20.8 +3.4* 20.9 £2.5
12 h 0.59+0.15" 87.9+6.9" 21.4+3.6" 20.4 £3.8
24 h 0.37 £0. 12* 88.3+10.7" 26.7 +4.3* 18.3£1.9
48 h 0.31+0.11% 64.2 +8.2% 27.6 +5. 1% 18.4 £2.7
A4 h 0.32 £0. 10* 60.5+7.7* 26.9 4.7 21.1+2.6
(Hormone group)
12 h 0.27 +0. 06" 62.4 +6.8* 26.8 4. 8* 20.7 £4.3
24 h 0.28 +0.07* 59.3 +7.2% 27.5 +4.9% 18.2£2.9

H: " P<0.05, vs. NS XFHEL];* P <0.05, vs. LPS4 h~12 h 4.
Note: * P <0.05, vs. the NS control group; * P <0.05, vs. the LPS 4 — 12 h groups.
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1 NS4 AQPI FZ AR 4 P4 1z
4l 2Rk (k7R ,SABC, x40)
Fig.1 The expression of AQPI in NS group was mainly
expressed in microvascular endothelial cells in the

lung tissue. Arrowhead indicates SABC. x40

3 B s AU b B2 L T AL
ik AQP5, (Hisk7R,SABC,FR/ =20 um)
Fig.3 AQPS5 is expressed in the apical membrane of

type I alveolar epithelial cells, shown by immunoelectron

microscopy. Arrowhead indicates SABC. Bar =20 pm

- - - 4

' > .- _ \

.~ y “ ’ ’ b a
5 AR, KENEELPS 12 h 5,

1 B2 AQPS FIkFEMR, (#ik/R,SABC, x40)

Fig.5 Immunohistochemistry shows that the expression of

AQP5 in type I alveolar cells is decreased at 12 h after
LPS perfusion LPS. Arrowhead indicates SABC. x40)

B2 g g s iR AQPS 7E 1 R
YA N 3K (Hi k7R SABC, x 100)
Fig.2 Immunohistochemical staining shows that AQPS is
expressed in type I alveolar cells. Arrowhead indicates SABC. X100

4 HPEHZUL RN S NHEE LPS 4 h 5,
T ZH SRR P9 K AR B AQPT 3RA
BERL, (#7378 ,SABC, x40)
Fig.4 Immunohistochemisiry shows that the expression of
AQP1 in microvascular endothelial cells of lung tissue
was significantly decreased at 4 hours after LPS
perfusion. Arrowhead indicates SABC. x40

2.5 Western-blot il & A KR AHZEHL AQPI 1
AQP5 ERRIX

LPS 41 K& LPS fEH )5 4 h, AQP1 & [ &
/D NS X RRZHAY (45.2 +4.4)% (P <0.05),
AQP5 [# 2 NS XTHRZH 1 (68.6 £8.9)% (P <0.05,
n =5);24 h J5 AQPI & it fF & NS X 211y
(63.4+5.9)% ,AQP5 [% % NS X B4 (61.4 =
4.6)% , ZFHHAGI#E X (P<0.05),

3 itig

/K838 % 1 (aquaporins, AQPs) P! & —Fh7ETE
HEWIRR ) 43 F-1 R 28000 FAELA 875 K S DI RE K
AR, 7K I8 2 1 5 el /) 7K e iz 2l Y BEL
IS 240 Jf [6) 7K 533 B8 B 3 e, K 1 4 A
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(R A A S RS0 K ) 3 385 i ) R R &7, IRt il
D38 2 AR AR FL AR P A 3 1 R S K FL R AR
A B b A R IR B G K B B RE
HETE A E &I AQP /44 12 F, 1
BTSRRIk oK o -l o 0 R AESh A b an
B IR o R ERAEAE AQP, T AE M 44 A 6 Fh
AQP Fik , Hi AQPI 3= %243 A 7 Jili B 41 il % N 2
YA, AQPS 253 A1 FE v 1 Y 4 A Y T FEE T , 3
A 2B AQPL, AQPS 5 i 7K A JE i AT W WA i
R,

Towne %’2:6] K H e e 20 B 2F e % o e Y o,
AR B B R R 8 AQPS 3R, BB
] FIE 2% K2, AQPS TE4R i 9 Bz 450 Fn Kz 45 J&] Bl 1)
F R F KT R, f# ] Tewameter RTM210 i1
CorneometerRCM 820 F6 il 4% Ji5 5 £ 5 iz 45 S J&] 11 11%)
5 Won . TEWL ¥ KA 1EH B, BFoE &A1
A, AQPS 1132 35 2 5 | A B IS o R85 B 459 7 1Y
TR — S CHEI 2 Nakakoshi M 2577 R B, 1 Jik
IR AN i 3 Fe38 AQPS 2B 1, LA MBI A i AR
e AQPS X A TIE A AR T AE B4, ik TR
AWFSE AQPS 25 T R kb my it #2, wFe k B0,
TR T IS, AQPS JE R BB [ A Hi B ik
Jikgeg T A 76 ) B S B 2 o e 5 Bk 2L Sk 0
RANMESRFE TR AQPS I S5 HGTHbRICY) K14 HLE 7,
X — i 5 R R 9 2Bl 7E e R e e i) e A i
Hh, AQPS R DR R /0N BROGH ek e 75 ) = B B Rk
JiRa A I BRI

5T W7, AQPT 32 %2 3% 3K T il v Ji] [l %) & 4
M P B 4N AR S 3R @R, 78 NS X4
BRERRICTE /R AQP1 =437 78 il 2 2L fi 45 1Y
PN K AR BRI, DA S /D08 o 43 A 6 il b B 20 B RS A
MR AQPS FEEEFRIATE 1 RUMV AR b3R8, (HR
FE T YT 36 b Bz A 0l 785 PR R 448 6 0 1] J5i 40 i
A3AT . LS s AQPT TEGHUINL A N Bz 40 i 174 T
S ANFEECHEE I, 1 AQPS EZAFAE T 1 AUl L fz
LAY TR . AQPL, AQPS 7 W W JIE AN ] 1) 6 31k iz
B LT R EA AN A A P RE

TEARMFZE LU ER A R, LPS {1 AR RA
BJE,4 h F12 b, K EUTE] BTk i il 20 200
FrPRL IR, BT s KRR 2 1 A i
SRk , 20 AR S HE A5 il o Jis 225 1] A 60 0K [R) T
I BTG A iV . 75 24 h #1148 h J=  7EfiliZH
ZUrP R B 2L ) LA AR Ak FE R Z W S

I T 5 7K e At L B R 5% i 1 00 OB i 3 4
{RJEEEARY S, RS NHETE LPS 4 h ~48 h J5 , 5 g
HALA BT R BURZH 2 AQPT 1 AQPS YA, 5
NS X FEZH He#e , LPS 20 AQP1 1 AQP5 7E 41 fifl b 5%
A A7 BRI S e £ P AT B 2 RO L {ELE A
NS Xf B2 L4, LPS 4145 B B 1) AQPT ik ¥ [%
%, 54 h~12h BBl LPS 4K FUAHHE 24 h ~48
h J&,LPS 4 K B AQPT FIkEBIKE . 55—
T, LPS 20 K B4 AQPS %354 h ~48 h &£4Fr
BEYA PTG 24 h ~48 h 5 WA [ iR &

A, 25 BN A LPS 4HAH FL i R 4ok BUE
SAEIVETE LPS BA W FE5E B A e 33 5 4 h ~ 12
h 5, R Bl 2H 2330 4 TN B2 0 L AQPT 1Y 3R A 4
WL, ZEFAGEE (P <0.05) {5 T iy 40 g
W AQPS 112 38 WIAS 32 Y JE i A 48 g 1) 5% ) (3R
1), DEAh, SR AR e 4 LR A e 4 h ~
12 h J& , BAL ¥ (8 R B PMN 9 53 T [
UE B 2R 2Lt 94 6 00 1 76 3 A R R R

25 FRRR, AQPT Fl AQPS AR AQP A
R, R PR 35 AE 25 0 S T R b 3 A e B i 2=
St ARIEASHIE 5T 25 S, FRATTHE I T AT 58 B A
B3z ) A v o] BE A [ 9 0 R AR T
MITEH

S 3k
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5 DRI R o 7 B R po) o) 2 AN 2R A 4
RER RER REE EAN, FHH
(1. T TG R A Rl 2B 0 S 453007 ;2. KoM Fpse s shirbos S8 450052)

(HE] BH @ EEEER N RLRADIE LT MR (hairless, Hr) IIRE, ik FIHIEHE BOE K+
OV R FAZ TR (transcription activator-like effector nucleases, TALENs) FEA | il % Hr 2 PR BSR /N B, ISR 66 DR i Bk
INB AR R L B, IR Sy B R BV ) R, A R 2R, R R4S —E Hr FER 41X 86 ~
87 1A 2 MBEEB I E B, AR T TGA ZRB -, il 5 WP AE Y B S8 4R A FRE AR, AT [R5 3 e, 1%
=52 UMK 14 d TP 30 d ZEAT BRI HFA RIS TEE . BRI S B B I R/ NAS 2 1)
R, WIS REH RIS Hr SRR /NR RN B EER TR, &8 IFHTEERFRSERLERKET
MBI FR ST Hr BER RSB D RES (i T RAF Y Sl

[RR]  JCTIEN R RER /N e

(FESHES] R33 [ X#ERIREB] A [XEHS]1671-7856(2016) 08-0075-04

doi; 10.3969. j. issn. 1671 —7856. 2016. 08. 012

Construction of a Hr mutant knockout mouse model and phenotypic analysis

ZHU Kui-cheng '** XU Cun-shuan' , WANG Chun-yao®,
CHEN Ying-ying” ,ZHANG Jing-tao’
(1. College of Life Science, Henan Normal University, Xinxiang 453007, China;
2. Laboratory Animal Center of Zhengzhou University, Zhengzhou 450052)

[ Abstract] Objective To establish a Hr mutant knockout mouse model to study the function of Hr gene. Methods
Transcription activator-like effector nucleases ( TALENs) technique was used to disrupt the mouse Hr locus, creating
heritable mutations that eliminate Hr function to explore the effects of Hr on hair development and provide a good model to
study the function of Hr gene. The phenotype of Hr ™/~ mice was observed after birth and skin histology of the transgenic
mice was studied by light microscopy. Results It was shown that a FO mouse with the 2 — bp deletion in Hr gene ranging
from 86 to 87 base pairs was obtained. The male mice with clear deletion of the Hr fragment and with obvious frame shifting
were mated with wild-type female mice, and F, mice were achieved. The heterozygous males mated with females to generate
the F, homozygous mice. The first hair coat of Hr™’~ mice developed normally. Beginning from 14 days after birth,
however, there was a rapid hair loss. The mices were completely hairless except for a few vibrissae at 30 days.
Histologically, two characteristic structures appeared, the utriculus and dermal cyst. Conclusions The results suggest that
Hr™’~ mice are successfully created using TALENs, and Hr is important for regulating hair development, which could

explain at least in part the hair loss and be applied to study the mechanism of hair growth and development disorder.

[ Key words] Hr;Knockout ; mouse ; Phenotype

[E£THE] HEARBERS (Hi% . 31372270)
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JIt R BT e — R R WA N . BR A
N AT — D B AR AR 2 BV 2 0
R SR B & A K R4 1 S A
5Ky BB R AR R R IR R RILR B R A R0h
I 18 S P35 1) 245 W R 1 S BRI T Be. T
E/MA (hairless mice ) J&—F B2 [k gk B4 kAR
WA /N AN B AR SR S — IR B R A K IE
W LORATE 14 d TR MK IR RIS, IE R H LT
1 FANBEE 2R, 2 A IR TR BR A AR A
B F AW 2 P JC BAE (papular atrichia ) 2R
JRs B2 B R AR IS I R AP S 3 sh AL, (i T 66
/NI TCBREER y— e T 14 SR Efk E
D REIEPH 2R s | R i R bl 424 R« T
FEH” (hairless gene, Hr) . 3T T4ER, A X/ N Hr 2
RIS H RSB I RGE IS 16 N2 2, ik Sufff 5%
SR8 T Hr R AR 5 2R RBZ R 5 400
FU BRI A K T ML (1 R S 0 A
B AH RGNS, EE U, @S stE = sy, #F—
AT TG B EE DR ARG it D) BE RN B R I Y R iR AR
A B TARW Hr B PR BUB A& 0 AL, IF S 5
B RFAF BRGNS E E LR . AR
FIFH TALENs HEAREEST T Hr FEDH AR A0 /)N BRAR U 12
HPEEERGORL

1 #RITTE

1.1 EIzh¥)

CS7BL/6] /NS b st 4 FIAE 52560 Sh W F R
HIRAE ( SCXK( #) 2013 -0032), flFE TH M
KEESLI B ot SPF sl s, 1F AT IES . SYXK
(%)2016 —0002, FrpfHa [ BN K2 5L 55 sy s,
22 Co R B ,

1.2 TALENs H&EMM@EindsrgEz

HR4 NCBI I Hr JE[R751) , FIIFH TALEN 7E£kix1T
T H ( http://zifit. partners. org/ZiFiT//ChoiceMenu.
aspx) BT AR i, 20 A H0 s TR S e 22
golden gate FIEARESE U , selERIZIA A EE Y pRP
[ TALEN ]-Hygro-CMV > 22nt _ TGTGAACGGCATTGT
GGGACAG FAZF IR AR, LMEALfS 76 T7 3+
FOPE B AN 55 J9 mRNA 1595 C57BL/6J Y%
Faop e Phve v S5 IR S R AR 2 K8 00, B8 Al B
AR RO Y, e A ARAE TR R AV,

SRR A AR 0 1 TS e R U A
21 $REGE ] DNA, IS99 38 B (% A Bt , PCR
WS ¥ K. 5'- CTCATGCTTTGTCCTTACCCTCC

AG-3', FiF51# M. 5'-CACCAGTGAGAGTGTGTCC
TTGGG-3', % §" 14 1 &Y PCR 7= 4 vk 4700 6, 5
C57BL/6) /INEREEIR H (175 EL XS, 43 B 5507 51) i
JAFDL
1.3 EFERBR/NREERRESH

WAL RS F AN B S B A R
C57BL/6) ZCHE , X ACBE AR AR 1Y F, AR/ ER AT 2L A
R E iR, #k AR —H Fory Y F, AR
/NERIRIAZ S, AT AR B, AN X F, AN BT
SR AL, Bg b F, RU/NEH 25% LR K
Hr ™'~ a5+

AR G B R EE /N B B M IRIE 28 i 22 4k
TEAIC s, B R 212 5. sl S0HE R 3k b
BE, B R e B2 iR RSB 10% PP RSV TR T A
WK, AR, YA, HE Yef, BEs T s,
A,

2 GR

2.1 HrBB/NMNRMHER PCR £E

RN Hr A% BRF 9 B, X0 8 15117
AR AHAR BRI S HEAT TAL TR BB B b HE B I A4~
FHARHE AUl & 5B 3] Fokl 19 N - K, JE
BUECAZ IR #AR, A% 3 5 8] C5TBL/6) /INRUIY A2
Ko BAE B BB, R 13 Hahfr, 57
B7 Hig R, $E L 24H DNA,PCR ¥,
WP C57BL/6] /NIER P41 L, Hord 104/ ER
£ Hr 9t X 86 ~ 87 i3k 2 MNFL RSk, /=4 T
TCA & %M1 (K1),
2.2 EREFBR/NREERRENSHHT
2.2.1 JEAWES. AR/ AR EAKIE
WL HABNRTCERX S, R 2 A, BE R bR
i F/NRIF R T IE I E (B 2 A) SRS IE A
FLAR TR, 1A BB A AR, AR
BRI R EARAT, FRRTE, Sk B0
ABANR B RS (K 2 B)  JFBEAE IR IS G, Je ik A8
JE B INTR , b i 2 SRR BIRE
2.2.2 B, 14 HIEFR/INR B IR AT 0L 5 B
() B ERTE I WA [ 5, B4 Mgk, BRI A B 3L
KU TEEN (B3 A) o 1 IRRER/NR R RN
W —LEAALRR B FEY T, FURZ )2 b DL LHE R NAN G
MEE(KEI3 B), 14 HIS (K3 C) Al Hi (I3 D)
XTIUNRE R h W28k B IR I ER,
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WT agccecctgtgaacggeattgtgggacaggagectggtacetcaccacaggatggettgegecatggggcea

108 agcccctgtgaacggeattgtgggacaggagectg—accteaccacaggatggettgegecatggggea (-2)

A

Mouse-10: missing 2 bases (GT)

l‘lh“am \

B

T

lnhl“

A: - RBRIEBRIISY B, R IEHR CSTBL /6] /NG, T 11 A 35 PR R /N BR 5 755 Sk /s B Bk 107 45
1 PSS U I (A) AP 15T (B)

A: The short dotted lines represent the knockout bases. B: Sequence comparison and sequence map of

different mice. The wild-type sequence is shown at the top. The arrow shows deletion sites.

Fig.1 Sequence comparison and sequence map

A: 14 DEERER/NR RS B RREB: 1 AR/ D B R A
B2 RN B R S B IR R A Al

A Note the sparse hair at 14 days of age. B: Hair is almost completely missing at one month of age.

Fig.2 Hair loss in the hr knockout mice and changes of the skin phrnotype

3 iFig
TBFEHE—NZRFER, A7 5 R, AL

RS FFEA M E i Hik 8 5 B
5 (Ignatieva et al, 1988 ) | iH IR 5y S Pk (14 384 v
(Meier et al, 1969 ) , — nff & 7 P4 BB /Y 1
el BIHRN IR, EBERNE EZI T 16 4575
K, U hairless (hr™ ) 2878 rhino (hr™ ) 2878  Hrrh-J 5
A% Hrrh-R 287855, ANA) A6 56 [ B) R EL A 2 [R] 4

fiE, A0 e Ak B I 6 0 2K, B2 Tk A, B AT TR A, A
PEZ I, B 4 AR H AT o g A ST R

R S BRI 7T J5E TR 9 A= 24 Di g, L Ok ik
3 4 B 5% 5 T A2 e IR e s s T B 3 A o
REAN AT/ BB AT BT L D Re i H A
TR 2 — ., TALEN AE A — i 2500 2L R i
TH, YIRS b= A AU W 24 5, 7T LA o
NHEJ #6575 207 A SE R R

TRBZH K H ) TALENs £ R T Hr FEH B
Bi/NER, DU & B hr 465 X 86 ~ 87 vt 2 /M &
BB, P T TCGA 21k %S+, FER R/ A
KEFEWELZM, /N AT 14 d FFi5 Sk SR
B BT RIE , RBUCNF BRHE, 5 25
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100 pm

A

g o ;
A 14 HIB RN R B LI BEMGE SIS, B, 1 ARER/NRERIRER LT
A JLHER NS e, C.14 Hi% C57BL /6] /MR TEHE., D.1 A C57BL /6] /MNREHE,
3 AR CSTBL /6] /N B R A1 212 WA (HE , #7R = 100 um)

A The widened hair canals of upper follicle form multiple utricles in a 14-day-old Hr knockout mice.

B: Note the several rows of dermal cysts in a 1-month-old Hr knockout mouse. C: Normal hair follicles in a

14-day old control mouse. D Hair follicles in a wild-type mouse developed normally at day 30.

Fig.3 Histologic appearance of skin in the Hr knockout mice( HE,Bar =100 pm)

G R AA R BIRES . RRAB MR EIE
RAEARE , K R N B 5 BU A, JT IR ML 2 A 15 22
MEK O, 5HERKNA KRBV RLS R —
O AT RN BRAYARAS A Hr SRR T
TENIEWARKET, VLB EAE T 3L R Bk 0L
FERH P Y-TCEE H Bk, TEE & —1 H3K9
Fo SR, T s o LR I Y R
RIS A A 0 A 57 A I DR R o /D RS
R HRA T i Hr SR B LK AT h &R
B3 F-HILA , 2 )4 1) 6 & A K A S i R 9 F 5
BERBLE], 7T 68 by e 24 T N M & 1 B,
KIEHSOARIT 259, ok 6 & AR e AL T A
[ENOEZE =

S 3k
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H H BRI 5 (PPS) /N BN W AT Ay 52 1
EORELE WL OWLE B EGR, R

(1. TR R, A 5 & MBHE2ERE, FOW A W4 5 5 IR B R S e =, B8, A I8 2300365
2. HEBEERER LR R T, EE S AFE, L 100021 )

[HE] BHM  FIHEABREE S(PPS) B HE bR/, #R5T PPS A/ NEUIRI S P e . ik BEPLIE

B 6 JEikIErE PPS BER @R (PPS KO) FIEFA BRI (WT) /N, mi BRI % 6 Jal J5 , i HE B FTIET O G (8 45 AR X
AN BRAP 25 F Al R AR B E AT, B Western blotting Fl real-time PCR 7 AR AT 2H 2 Hh g A I AH DG 2 (4 19
FIRNEN . [FIET R PPS KO FT WT /N ERALEF 4B 40, fERSMILEE PPS XHIe Wi /- Abisem, &% 5 WT /bERAH
I, miBRTAFRE G PPS KO /NRMARE S WT /N B Lb 8 208 S P R i 4l /b LR 35/ o RSS2 50 R 30
5 WT /N BRI BZF 4540 1 ( mouse embryonic fibroblast, MEF) A Lt PP5 KO MEF 4 }uI§ i 43 4k 5B 3555 55 , i i 44
/N, IEAh  7E PP5 KO FHELH S IR T 40 ARIC IR CD36 AP2 \PPARy, FI Gluid [HAHXT 3855 W AR, T AEE A
WAH DG ER FUBE R U A2 R (GR) MIBE IR (b /K7 S 338, B IR EE 11 1 (UCP1) RIA BB ETHE., 4ik PPS
WAL GR 19 R BERRALZ WL RR 17 43 fh AR g AR 4N BRUSR 107 AR

[R@R]  EOABEREG 5 5K BUMER 2 IR 11 15 BRI 234k ; e iRt

[HE5ZES] R-33 [ XEktRIRED] A [XE4HS)1671-7856(2016) 08-0079-06

doi: 10.3969. j. issn. 1671 —7856. 2016. 08. 013

Influence of protein phosphatase 5 on the lipid metabolism in mice

WANG Jun', QIU Bin®, LIU Ming®, WANG Chao’,
YONG Wei-dong®, XIE Zhong-wen'
(1. College of Tea and Food Sciences, State Key Laboratory of Tea Plant Biology and Utilization, Anhui Agricultural University,
Hefei 230036, China; 2. Laboratory of Gene and Development, Chinese Academy of Medical Sciences , Beijing 100021 )

[ Abstract] Objective To investigate the effect of protein phosphatase 5 (PP5) on lipid metabolism in the PP5
knockout (KO) mice. Methods Male PP5 KO and wild type (WT) mice at the age of 6 weeks were used in this study.
In order to study the effect of high fat diet (HFD) feeding, the body weight was measured. The liver histology was
examined by HE and oil red O staining. To further verify PP5 functions in the adipogenesis, in vitro experiment was carried
out using mouse embryonic fibroblasts ( MEF). Western blotting and real-time PCR were performed to quantified the
expression of lipid metabolism-related genes in the liver tissues. Results Compared with the WT mice, the body weight
gain was slower in the KO mice. The size of the lipid droplets was smaller and the quantity was less in the KO mouse liver
tissue. In vitro study revealed that the KO mouse MEF cells showed less differentiated adipocytes with smaller lipid droplets
than the WT MEF cells. This observation was further confirmed by detecting the expression of adipogenesis-related genes in
the HFD liver. The markers of adipocyte differentiation, such as CD36, AP2, PPARy2, and Glut4, were significantly

decreased, while energy expenditure-related markers, such as phosphorylation of GR and expression of UCP1, were

[E£THE] ERHRBEIES (81272273) | EFRBHEHE KL (20142X10004002 - 003 -001 ) %28,
[MEZ®A]ER (1991 - ), & BLE5 A B9 drm . BEFRSAEAYS . E-mail: junwangl 38@ sina. com,
EWESE LR, B 202 s . B R 50A9% , Email ;. zhongwenxie@ ahau. edu. cn; ZEfF 75, 55, W98 0, BP9 5 1. A3 5 %

B4 Email; wyong@ cnilas. org,
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significantly increased. Conclusions

Protein phosphatase 5 may play a regulatory role in the mouse lipid metabolism

through regulating the de-phosphorylation of p-GR and enhancing the expression of UCP1.

[ Key words)

SRR Z e — RS 5 40 i % 2 ik
S WA ik B W LA, RS
Wi MR Z IR (GR) MEM R Z K (ER) MEKERZ
(AR) B E Z K (PR) U S b i i & 32 1k
(MR) . oAbl B R 2 IR e R rh B 2 3%
KA T WE R BOR (GCs) XTHLAKE | BE 5 8 11 5T
(AR A AR I S T RE M PR T VE . TR A
IR (GCs) 4= B fg 2 Al 1) B2 47 71
PRI GR B3 A A 7 F 52 i ATLAR (1) ) I R AR
WIhEE, EABEBRNGE 5 (PPS) 2 —FRENLANT 12
FIRHEEB A 1, B 22 2R/ 75 24 R Wl 1R 1 0
PR A K G AE | oAk GRS DL R Bhan SRR
(O AT B A A7 45 T A A g R
PP5 fEf% H 35 5 HSPOO/GR & &K 454, il it fifk
GR &R kit e W3 GR i1, AAMF5H
FHAARSI N BROBCEF 24 40 R R 5 75 o3 A B A0 R,
Bk PPS o] B MRG0k X Se AR PPS
AIRBE LI GR A BEIR 1k 52 i B 7 431k, (0 H i
=47 J1 AR N SE R . A 5T AL PPS 3
DRI /N BRI PPS Rl /)N BROBUZT 248 4t L, DA A PR
RSN J7 TR B PP5 52 R i 7 A% 5 1) 5%
KI5 FHL

1 ##F7E

1.1 RIZhYI R KISIRES

TS IETE PP5 B (PPS KO) /N Bl A 5256
FARAE, PPS @R /N BRI AR Y (W) X BN B
) 37 B HE T [ B 2 B 2 B 5 2 S0 s I 9 T
S AR S [ SYXK (5)2011 —0022]) . 1%
ST 58 26 v [ s 2E B A B B 2 5L 56 Sl ) T 5T
SCES S S B DL S b ifE SO TLAS-
PG -2014 - 012,
1.2 SEIR{YEE

R (F B 0.01 g, BilERFFH T KF
J7). MRI(7.0T micro MRIV, 3¢ [# Varian /A &)
Y] B L (IVS401, H A Sakura Finetek 23 ] )
VKR Y] Bl (CM1900, 78 [ Lecia) , O % i 1 B8
(BX50, HA Olympus A7) . PCR JE#X ( Applied
Biosystem 7500, 32 [E] ABI A #]) . 42 & Ei% &
4t (Tanon 5500, F1[E KAEAH]) .

Protein phosphatase 5; GR; UCP1; Adipocyte differentiation; Energy metabolism; Mice

1.3 ##

g B (60 keal% fat, D12492) I [ 2 [
Research Diets 2 F], 59T (I HERE il 254 FR 2~
Hl) . FbE DMEM 4= M5 (FBS) (B R4 %
I H 32 [E Invitrogen 23 7], T 55 72/ RO AG 12T 4
A0, 1 FH AT 5 4 100 mL 55 550 P 89% b
DMEM 10% FBS Fl 1% /8% RIREH S5
FH o Tl Bl A1 ) ) 0 2 1 i ) 0 0 B 25 [ Sigma
N RIPA 240 A T E R 2 RAEYRHE A R A
A, {8 RIPA 2489 1 mL/0. 1 g ZHZ & (ARG ]
10 wL/0. 1 g HEU(1 F T 100 mL —287K) |
BRI A7) 1wl 0. 1 g HZLH0IR & W2 /N BUIT
JEZHZR . HbZEK AN (DEX) (IBMX FlEE S Ry A 56
] Sigma 2\ A, { FH 24 B Ok 1L ZE KA 1 pumol /L
IBMX 500 pmol /L J# &% 10 pmol/mL 5 DMEM
(R A W5 5 /0N BUVE JiGy 1 21 4 400 1t g 17 43 1k
Trizol 14 H 32 [# Invitrogen 23 A, ¥ 1 mL/0. 1g 2041
$EH mRNA, mRNA JFEAH ] cDNA [ %% s i) &
P EE 7 PCR IR (SYBR green 35) g [ H [
TaKaRa /A A, ZH41 86 1 2 & F] BCA & @ ik
F& A b EE S RAEYRH A R A, Western
blotting £ M{H F p-GR ikl B 3E E Cell Signaling
Technology /A ], UCP1 HT{& Mg H 3E [ Abcam 23 A,
il FH LB B . B =11 000,

1.4 XWHZE

141 /NEEIRRFE AR T I & . FEVLEE 6 4
WA EENE PPS KO F1 WT /N 6 H s iR SR 6 4],
AR R IE SR/ RARE 1k,

1.4.2  MRI H#/NRARP ARG . B E AR SRR SR 6
JiJE# PP5 KO # WT H#ER A 3 2, 2% 59 7°/0,
(L/min) X FCHEFT IR 8 FH MRI 2E47 494, i H
IRW # 4 ( Inveon Research Workplace, Siemens, 3¢
) AN AR,

1.4.3 JFEZHZ HE JL @AM O Yeth, BEMLLE
R B IRTE S5 PPS KO FI WT HER A3 H i85
SEBE FIELL 10% v v R S AR 2, A i A3 /s
Ph4 pm JEEY) R MG 1T HE e, 53801 em
x 1 em x 0.5 em K/MNFIEL KGRV B 5, #5479
20 Yefn, 8N R Yot i e s BAEE N U
FIFRER R .
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1.4.4 MEF 40005 FRE Wik . Z% Scikork'
sk A4k PPS KO 1 WT % MEF 4 Jig4% 2 x 10° /4L
AT 60 mm 21 8% % ML, f A DMEM 15 5% 5
(% 10% FBS 1% H 5 5% -4E% R ) 7£ 37C 5% CO,
FAFR I FRAR R IR, R AN M B Gk 80% %
JERF(IEh d -2)  4k8e 557 2 K (idh d0) . 7E dO
B, 4 15 R T 4 Oy 5 A B 195 40 A 5 5 550 () DMEM
Riff (% 10% FBS. 1% 7 %5 K45 % 500 pmol
/L IBMX .1 pmol /L DEX 10 wmol/mL insulin) , 2
KJg (d2) ¥R BT L5 A 10% FBS A1 10
pwmol /mL insulin i DMEM 5553 LIS 42 d B
1 X DMEM #5733 3£(10% FBS 1% HHEMEER
d8., MANMIA L EA 8 KIS 4L E 28 9h 4L
O Jeft 5, 78627 B AU ( BXS50, Olympus, HAS) T
pUE-SigiIE

1.4.5 HFHE mRNA #2005 Real-time-PCR Kl . B
FIEiAES)E PP5S KO Fl WT #ER 4% 3 2| At 4E
HOLFRE, DL TRIzol 42 U BUFFIE mRNA /5, 4%
FEACLL 500 ng mRNA JZ 5% 5 A i ¢DNA, L Gapdh
ﬁzj‘]lj‘]é;‘, fi F§ SYBR green MX & BB 1T PCR
PN, SR BB YIS TR L,

1.4.6 Western blotting Rl Tk 85 11 3% . BRI g
WFIE PP5 KO Fl WT MER 4 3 H, Stk st , BUH:
JHREFEVK E DA RIPA 8 45 W (% 10% 28 H B
3 1% B R B B0 R IR E N, HAS
BCA @& &5 Dk 60 wg LA S 4T SDS-PAGE H
UK, e I A 5 % B —$1 (UCP1, 1:1000; p-GR, 1
1000) %, K H I E i (1:5000) f5 L ECL A
FAf2E RS R G REDOUE S .

1.4.7 guiteediik . BT YIE « bR (x
Fz 1 Realtime-PCR #5149
Tab.1 The primers of real-time PCR test
EILZEZ ElkZ0gdl
CD36 F:5'-CCAGACAACCATTGTTTCTGCACTG-3’
R:5'-GGACTTGCATGTAGGAAATGTGGA-3’
AP2 F.5'- GCTGGGCACTGTAGGTCAATCTCC-3'
R:5'- GGTCGTTGACGTGGGAGTAAGGAT -3’
PPARy2 F:5'-GGGTGAAACTCTGGGAGATT-3'
R:5'-ATGCTTTATCCCCACAGAC-3’
Glutd F.5- GGCCTGCCCGAAAGAGTCTAAAG-3’
R:5- GCAAGGACATTGGACGCTCTCTCT-3’
GR F:5'-GGACCACCTCCCAAACTCTG-3’
R:AGGTAATTGTGCTGTCCTTCCA-3’
UCP1 F.5'-CGGGCATTCAGAGGCAAA-3’
R:5'-ACTGAGTCGTAGAGGCCAATCC-3'
Gapdh F:5'-ATCAACGGGAAGCCCATCAC-3’

R:5"-TTGGCTCCACCCTTCAAGTG-3’

+s)Fen, GraphPad Prism 5.0 AL T-test $L
BT 4T, LA P <0. 05 FRESAH BEFHME,

2 GR

2.1 PP5 EFEF /RS EE S EELL A
EHH

PP5 KO /NRAER IR 3 JilJe (R E ] T
AR RN SR A S S R B AE RN A )
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Note. The body weight of mice fed with high fat diet
was recorded every week. n =6. *, P<0.05, ™, P<0.01.

Fig.1 The effect of knocking out PP5 on body weight of the mice.
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Note. A: MRI photograph of mice. B: Statistic result of fat volume/body weight/ratios. n =3.

*, P<0.05; ™, P<0.01.

Fig.2 The effect of knocking out PP5 on the mouse whole body fat
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Fig.3 Effect of PP5 on the mouse liver fat. 10 times, bar =200 pwm; 40 times, bar =50 wm.
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Fig.4 Knocking out PP5 prevents the adipogenesis of MEF cells (10 times, bar =200 pm; 40 times, bar =50 pwm)
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Fig.5 Expression of lipid metabolism-related genes in the mouse livers.
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Abstract] Objective Lamins are the major components of nuclear lamina underneath the inner nuclear membrane
J P
(INM). Lamins express in most cells and are involved in the whole process of growth, also play a major role in cell

stability and embryonic development. Mutant in human LMNA gene may lead to a series of disorders, which are similar to
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progeria or other aging-associate syndrome. In this study, we report a new Imna knockdown animal model generated in our
laboratory in order to provide a useful tool for studying laminopathies. Methods  Two plasmids tagged to zebrafish /mna
gene were designed based on morpholino oligonucleotides technology. Co-microinjected the plasmids into zebrafish embryos
to knockdown Imna gene. Imagining and western blot detection were used to identify the mutants. Results Two different
proteins, Lamin A/C, were expressed in the zebrafish embryos. Two plasmids Imna-MO and Imna-EGFP-pCS** were

generated and co-microinjected into embryos. The results of imagining and western blot showed that the expression of lmna

gene was downregulated in the zebrafish embryos. Conclusions
knocked down by the injection of Imna-MO and Imna-EGFP-pCS** .

study on laminopathies.

[ Key words)

BEF)ZE A (lamins ) J& TV BUP 2R 4R AR
J7%% (intermediate filament, IF) {51, & &40 0B 4209
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Imna-morpholino target region

Lamin A/C are expressed in zebrafish. Imna gene can be

This new animal model may be a powerful tool for

Zebrafish; Imna; Gene knockdown; Morpholino oligonucleotides ; Laminopathy

PREAR T WBED 1 Imna FERIRYRIE, DLGETE
HEARBRAEN Imna F3B T RBIbRE AT T
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LMNA-MO target sequence

Standard Contro/ : CCTCTTACCTCAGTTACAATTTATA

B1 U IR R

Fig. 1

Illustration of the design of morpholino oligonucleotides
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Fig.2 Expression of the protein of Imna and
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Fig.3 Electrophoresis results of zebrafish

Imna gene PCR products
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Maorpholino target sequences Enzyme site:BamHI

l

140 4Ed
TCGAACT f\‘l: 1 CTGGT TCCITGC AL A AL

430 440
GTTTCT -: c -::
| ||

\_f T |
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B4  Imna-pCS** 20 i ) 45 51
Fig.4 The sequencing result of Imna-pCS** plasmid
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Fig.5 The electrophoresis shows the results of
double digestion with EcoRI and Xbal
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Fig. 6 The sequencing results of lmna-EGFP-pCS?* plasmid
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Fig.7 The fluorescent expression of the lmna-EGFP-pCS*
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Fig.8 Expression of lamin protein in the zebrafish
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Genetic monitoring and analysis of highly immunodeficient
mice from different sources by microsatellite DNA markers
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[ Abstract] Objective To test and analyze the genetic background of highly immunodeficient mice from different
sources. Methods Four highly immunodeficient mouse strains from different sources of NOD background were collected.
30 microsatellite DNA sites were detected, and the genotype can be displayed by gel electrophoresis and STR scanning.
Results 17 microsatellite sites exhibit polymorphism in 20 mice of the four groups. There were 30 homozygous loci in the
mice of groups A and B, and heterozygous in the other two groups. The genetic distance is minimum between groups A and
B, showing a higher genetic similarity. Conclusions The genetic backgrounds are different in highly immunodeficient
mice from different sources.
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Fig.1 PCR gel electrophoresis at loci DSMit48 of mice in the four groups
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Tab.1 The primer sequence and optimal conditions amplification of 30 microsatellites loci and genotype results

LA, FFH (57 -37) Rk RJGRE A B2 CH D4l
Locus Primer sequence (5° =3") Chr. Temp (°C) Group A Group B Group C Group D
DI1Mit365 ﬂiiﬁéigﬁiiﬁéiﬁiéﬁiﬁg cc 1 54 bb 5/5 aa 5/5 aa 5/5 aa 5/5
s e S wes mss S s
i % BiA BiA wes s
bawigss | MCCCOMACCITOONTTICT g WS wss wSs s
e © @ mv wws RV s
e ¢ WS B weswss
bowi JCCACAGCACCICATICICT WS wss WSS ws
D6Mitl5 %ég?f}ég%géigigé?ﬁé’? 6 60 aa 5/5 aa 5/5 aa 5/5 aa 5/5
b TCCTCTIACCICCTGAGEGA wys  wss wss ws
bz CCTCCOTTIATICATICCAL wys  wss wss ws
B S T S C R S EE
powitg  TITICACACTCACOTGICCG WS wss wSs s
i s 0 ® wv w3V e
T G SR S O S
D10Mitl2 g}i?:ﬁii%%i%cﬁiigég 10 54 aa 5/5 aa 5/5 aa 5/5 aa 5/5
T VS TS e
1/5
pwig  CCOCCOATCTIARMCTACAT ) Wss s bﬁ s s

CATTTGAGGACAGTCAGGATC
DI12Nds11 GGAACTTTCATGCAGTACTAG 12 54 aa 5/5 aa 5/5 aa 5/5 aa 5/5
. TCAGGCTCATCCCAGATACC
D13Mit3 TTTTGCAGAGAACACACACC 13 60 aa 5/5 aa 5/5 aa 5/5 aa5/5

. GCAATTACACCTCCTCGGAG

D14 Mit3 CACAAGGGCATATCCTACCC 14 54 aa 5/5 aa 5/5 aa 5/5 aa5/5
. CTTCCTAATTCCTGTCAAGCAAAT

DI5SMit5 CTTTCATTCCTCAATGGAAACTTA 15 54 aa 5/5 aa 5/5 aa 5/5 aa 5/5

AGCATACACTCTCTTGTTCCTGCT

DI5Mitl5 AATAAATACCAGAGAAGCACCGTG 15 60 aa 5/5 aa 5/5 aa 5/5 aa 5/5

oo EIENION e B b

D17Mitl1 T G’?gé?:;z?g?(?&(ﬁi’?ggi CA 17 54 bb 5/5 bb 5/5 ;]k: 41‘;2 bb 5/5

R i A S SR R
1/5

b SCMGITICCAGKACMG o L B s
bb 3/5

D18Mitl9 ATiEi%i(J;TTiT(?‘CCTZi({i%i%[‘? T 18 55 aa 5/5 aa 5/5 aa 5/5 EE 53§ 2
TCTTAGGTAATCTCCCTTAGGGG ab 2/5

DI19Mitl6 TG%%%@E%??@?SSE(%?@E{;STG 19 54 bb 5/5 bb 5/5 Eb 35 :; zz

D19Mit3 TTGCATAGTICGCCAAAGTG 19 60 aa 5/5 aa5/5 aa 5/5 aa 5/5
1/5

DXMitl6 CTCCAATCCCTGCTCTITTA X 58 aa 5/5 bb 5/5 Ez 1/5 ce 5/5

CCGGAGTACAAAGGGAGTCA
cc 3/5
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R2 AL P ANR] AR P R S AT R K
Tab.2 The number of the same alleles and similarity

index between any two groups

A B4 cé DA
A — 28 20 24
B # 0.933 — 18 26
cH 0. 667 0. 600 — 17
DA 0. 800 0. 867 0. 567 —

T X AL LSRR P2 ) A [R) (o a5 850, X e LAR S w4l i)
LELTES V8

Note. The number of the same alleles ( above the diagonal) and similarity
index (below the diagonal)

RT3 LR PULH ) A A DR A A4
Tab.3 Genetic identity and genetic

distance between any two groups

A B4 CH D
AH — 0. 9288 0.7921 0. 8444
B4 0. 0739 — 0.8311 0. 885
c4 0.2331 0. 185 — 0. 8195
D 2 0. 1692 0. 1221 0. 1991 —

T XA 2 DL AR R DU (]33 A AR DLEE , oF R 2 LR S P AL 1) 3t
1BHEES
Genetic identity (above the diagonal) and genetic distance ( below the

diagonal )
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I A 16S rRNA &l il p ik ki N 5
W S2 G ShH 1 s o A SR [

BRI L B EAN R E R, ARG BN E

(1. ERRELIE Y .G, M 51051552, BT ERIRE AL T A SHGF ER22=5E,) M 510515;
3.TRERIR Y. AR5E 523808 ; 4. M T ERI R FIRVLEE BERE IR B 2458, )M 510282)

[#ZE] BM W 16S rRNA = il 5o e SR E H S250 3P (VG 980 N | LR K R 3G 22 G
Wistar K ) B9 B ERTE, JEFI R SR REAEATRT LT, 8 DR RUE B S BRI S R (LA R SR, ik

FH— WA T R AL VU NS | LUAS R R BT PE 22 e Wistar K ERALA ) O B BEREAR A4S, SR EURE 5L DNA,
i FHF AR5 038 A S 479718 168 TRNA V4 X H B, llumina ¥, 28 BIPES LA QIIME 47 b 5% 1 T 22 kf 4 I 2%
., &R A5 5 M HERY D AR T Y22 R W E (P <0.05) , AFEFEIH YA A QMR D
HRE BN DB ERES AR ML, i RIS A D EEEERAOMURE,S Moy, 5O E R
( Fusobacterium) WNWREE JF ( Porphyromonas ) /K5 NI AHAU, 42 78 % T BB 2 FE N 1011 B BF A0S BB R 3 )
MBI B, PH RN RS AT RESE T 75 S5 25T B T ( Proteobacteria ) R &I B REE BRI B4 ; HUAS K 1T fE 20T
FESGURBEART ] ( Spirochaetes ) FHICH I (1 48 E BB 5h4Y)

[RiIA]  SCIREhW; HETRRE ;165 tRNA ; PO/ INEUSE 5 BUAS R R0 s BP0 22 4 Wistar KR
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Comparison of human and animal oral microbiota by
Illumina sequencing of 16S rRNA tags

GU Dong-shu', CHEN Bang-zhu', JIANG Xia', LIU Hai-yue’,
Nashun Bayaer’ , ZHOU Hong-wei*, GU Wei-wang'
(1. Laboratory Animal Center of Southern Medical University, Guangzhou 510515, China;
2. Department of Environmental Health, School of Public Health and Tropical Medicine, Southern Medical University,
Guangzhou 510515 ; 3. Guangdong Medical University, Dongguan 523808 ;
4. Department of Laboratory Medicine of Zhujiang Hospital, Southern Medical University, Guangzhou 510282 )

[ Abstract] Objective To provide original reference data for oral ecosystem research, Tibet minipigs, beagle dogs,
rhesus monkey, New Zealand white rabbits and Wistar rats were selected to study their respective characteristics of oral
microbial mmunities and compared with normal data of humans. Methods  Total DNA was extracted from the specimens
of oral microbial communities of Tibet minipigs, beagle dogs, rhesus monkey, New Zealand white rabbits and Wistar rats,

and used to amplify 16S rRNA V4 fragments with labeled universal primers. The diversity and structure of microbial

[HE&WE] AE R R E (45 2013B030300040 ,2015A030302076 ) 5 45 55 4 L1 75 397 IX 26 ) 5 25 410 IR 45 HE b 8 3% (S 5«
2012B011000004) ,
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[EWRAEE 1B (1956 - ) 3 B2, W5 1) . LB sh e E A BPR e AL & 5 L R4 . Email: guwwl00@ 163. com,
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communities from those animals were compared with that of humans using BIPES and QIIME analysis after Illumina
sequencing of 16S TRNA V4 fragments. Results The richness of the oral microbial communities of humans and the five
species of laboratory animals was significantly different ( P <0.05). Different species of animals have their own unique oral
flora, among which the oral flora of the monkey is the most similar to that of humans. Conclusions Among the five
species of laboratory animals, the oral microbial communities of rhesus monkeys and humans have highest similarity.
Specifically, the Fusobacterium and Porphyromonas levels of rhesus monkeys is most similar to those of humans. Our
findings indicate that rhesus monkeys may be suitable animal model for studies of human oral microbial communities. Tibet

minipigs may be suitable animal model for Proteobacteria studies, while beagle dogs may be appropriate for modeling of

diseases related to Spirochaetes.
[ Key words)
rat; Oral microbiota; 16S rRNA

s TR R R bR R s A W 4l 2 2
BIRZR, O NS BRI BE BB B R SRR
LR S R iR S5 48, Ry T J TN 4% o i 2 0 i A KL ¢
FEFNE R PRt T A S50 B L T H U £
BEPED I P B A W G 22 R AT R T R
{aRRE  FRAAN AN B BRI 1R 78, — Bk
Yot SR8 W) AT S BORE e | F e LA B 11k T8t 97
SR W i 22 R R F T 5 S ok
TS R M B a8 438 10 it
YR S AN AR, REe 7R 1 9 A 5 1
ARV Z TRI A OC 2R, DT A L) AT 10 1S 5 95
PRALA A BRI  , 40T 168 TRNA JE R 7E
JIT A 20 T A R 2 R AR R A D cRNA A X L Y
DNA 741, ZEK B [a] i i Akt 72 H  rRNA 23 A7
PRI PN AR A AR 208, B i BE DR ~F 1, KR
T XS 3 1 g R R ST T ARG 40 TR AR AR Y
TRIL K Z  [AlIE 168 rRNA X HA 9 N A48 X
V1 2 V9 A[AS X (AW P ks T V4 AIAZ X)) | Af
70 DX 8] R A B A [ T S, P S DR AT A DX A2
H, E TS P85 ¥, PCR 973, 15
£ 16S rRNA 9734 R B, P A FH 1l 42 X )3 51) (1) 22 5
ST A AN R Y 4326 M, A e Y
AW, 5 e 3 0 A A 3 PR ROHE (R
FEA) AT LT, 4 — 7 AR AR EE 9 T Ja U Sy e
FETEE , AT S0 TR TR | R o 2R M, B
XA R D A 2R R )z el
AR FEZ —, AU RS r T 16S
rRNA 37 #9 Hlumina XK 550 77 2 ( BIPES) 7,
JERH QUME 34 #r JLFP # FHSE 560 3 1 5 AN
I BRRE S 4G, o s 5 i A 18 ) 0 1 3 426 4 (R 4
P LAt

Laboratory animal; Tibet minipig; Beagle dog; Rhesus monkey; New Zealand white rabbit; Wistar

1 #RFTE*

1.1 #F#f

— WA (5N B B2 7 2 A PR WD) |
H RS EP S FEM ( 1T Sangon A F]) | FEEHK
FIEHZH DNA P 2 BOA ) & (dba A & A
BEARGBRAF) Ex-taq B (EAY TRERIEAR RS
Al
1.2 SEIEEh

JSCAFE 38 20V /N R (TRTFR“HE )« ARSEM
LU B RS2 55 sh W) B A PR m Rt (P TR
SCXK () 2012 - 030 ) ; Ji 45 5 3 28 fik A% (1] B
M) mE T BE R AR SR S e A (VR RTHIE
5. SCXK($8)2014 —0025) 3 MAFE M 9 AR R (i
FRCRT) o VLTI AR AR W IR T & A R R 42
HECFATIES . SCXK (BE)2014 - 001) ; BU4E SPF 2%
BT KA (FRIAR ) . m i BERER 25050 3
Py (SCXK () 2011 - 0015) 5 4F SPF 4%
Wistar KR (PR « F 7 RN = 505 sh Py
L3 (SCXK (#2011 -0015)
1.3 FHik
1.3.1 FESCREE. —WRPEMI T RE R K.
e S KB I TR, RS Rl 4 R 1
HOMEPE 3 H 540 ~ 60 & filt e AHE I FEAS 10 4,
BAYES A, Ltk 5 A, FrARES - 20°CIRTF
1.3.2 KL EL DNA $2HL, #fd i B R A Y
ARAT RS F) AT 36 4] DNA s $2 BRI &
VLI AR BORE A A DNA BT - 20°C 1117,
1.3.3 4 16S rRNA LYY . B bR i il
FHE144 18 16S tRNA V4 X3, 519 A T4
Y TREAR MRS A RA R G, 51 FiE. V4F -
5'-GAGTGCCAGCMGCCGCGGTAA-3", 51 ¥ F ¥,
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V4R252 - 5'-TTAGGAGACCCGGACTACHVGGGTWT
CTAAT-3", BENEE X A N A9 7 AR 28 B R S|
Pifs B, PCR I MR R Jy 25 pL(5% 1), PCR ¥ 1
ZAF: 94°C ,2 min;94°C ,30 s;52°C ,45 $;72°C,30 s;
30 MEHR ;72°C ,5 min ;4°CHR-AE

#1 PCR KRR
Tab.1 Reaction mixture of PCR

15 2 B R PN

10 x Taq buffer (Mg?* Free) 2.50 pL
dNTP Mix (2.5mM) 2.00 pL

Mg?* (25 mM) 1.50 pL

Ex-taq (5U/5 nlL) 0.25 pL

Forward primer (10 pM) 0.50 pL
Reverse primer (10 pM) 0.50 pL
Template 2.00 pL

ddH, 0 15.75 pL

1.3.4 Tllumina Solexa M % . N E#E% N PCR P~

8T A A i R T 2 S X i 8 A PR N o TR ) 52
M) At AL P 22 R A R S P R I, M)
Ji 43 B3 F BandScan X DNA Marker (2 000 bp)
200 bp & R EUERT DNA FE G FEAT AN 2 &, B 15
AR LURH A5 1 200 B TR 5 B i, SRS K5 A o i (2
B BORL) ILARE i PCR 749, LA [) 45 L B3] 1) 246 9 2
TRA%5], Hlumina HiSeq 2000 il 73 4 HE4T w38
E=010)5 AR
1.3.5 B oy . vl &I 7 Z0E ] BIPES
(Barcoded Illumina Paried-end Sequencing) it T2 i/
FIWIE AR P A AL B BIPES i ke il 3 f 12
S 53853 R 1 PRy, —F8 3 J2&fd F] mothur ik
TP A Pk, 2B 52 R i dix & 14 3 91, 45 31 1
(S, FEMTHEA T — 21 QUME 4347, £345 alpha
ZFEPE  beta ZFEERT RDP RIEHHT4E,

fdi P TSC SR 2 A= Wy AT ST T 44 H R &

PD whole_treet i
HH
Ill]]' *
1]
{L_H
H T H
H Th

(%]
1

502, IR B Be R 5% RDP (Ribosomal
Database Project, RDP) OB S BRI e N A
2K HA50 ( Operational Taxonomic Units, OTUs) , 2440
16S rRNA JE N 75 Z [ I BE B 75 0. 03 LI, {EE
TR R TRl — AT E . X T3R50 OTUs, fdf 10 I
Fior25E e, mothur BPE™ 9E 47 I B4 Y I
AT, BRI TS Al G 4. R QIIME XJHE
K PD_whole_tree .Shannon %5 FEVEFE B0 HT, T
SIPTRER Y o ZREVE, RIEASRE S LS R R 5 Y
%ﬁéﬁ,%ﬂ: UniFrac EE%[SJ , ‘#ﬁ?iﬁi%%*ﬁm ,
I3HT B AR R T LM 0 X o3 A RO H (linear
discriminant analysis effect size, LEfSe ) Lol Galaxy89
TEL T H SR 20 Z (81 G 127 22 5 00 TR A
bR, 1 SPSS 20. 0 BEATSE 143 HT, R One-
Way ANOVA B 4T Bonferroni 5 P ¥ b # 29 # B8R
Kruskal-Wallis One-way ANOVA #E47 9 I HLAs , 18 1E
Keg8 /K, R GraphPad prism5 {4 T. 2. X} PD_
whole_tree . Shannon ZEER]

2 H#R

2.1 MES5REESH

35 ANBE TR SR HEERECT 939272 2% 16S tRNA
FEH T, B AR RN A G S 08T
2.2 EAZHEIYEANOBREISEILESH
2.2.1 o ZFREVEIHT: o SRV T BTN
Wk E 5] . PD_whole _tree 15 WL 3 ) fifr
JEEL, WL TR V& N 9 B 5 Shannon $5 500 52 51| 18] 7%
F R B E 2

BT A B NS R Mk S R B
1) o ZFEE BRI FEE2Z R BE (P <0.05) 555
R DR FEE2ZRRE (P <0.05), H

$%;§QE@

Shannon

B 1 LS s 5 A DR RE PD _whole_tree( A) 1 Shannon 8% (B)

Fig.1 PD_whole_tree (A) and Shannon index (B) of oral flora in commonly used laboratory animals and humans
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fhsh a0 B 2T (P >0.05) ; Z4E FARR 1
() RS TR ARE PR ARG, Nz, Hopth 4 Fhsh 1 s
YA S RS, 1B B, AN
K A KRBT B BE Shannon 8 8034 0 I 3% 22
(P >0.05),

2.2.2 B ZHAEIHT: B ZHREIERTTE VS Z 8] R
KA 2R 2 (AL B1) i — A R —4
FE il Bl 22 ) 0 B 2 A SR it 22 ] A ARARLBE , BE
B AR DL B R, A UniFrac FE 2§ 78 R AL
PSR RO T REAE R, B2 B BBAZ

b, JUA K FH 52 58 20 W (0 A o () B 88 230, LS
B TS INABURTR AL Unifrac #5885 H 5 A )
P BRI (DL 2 v A2 (B2) , Fe AR T
FEAFDO T HA AR 3 ) 5 N ARARL, A T RE 2T 5%
N B T R BB )

2.2.3  HEREHAHLN

2.2.3.1 EHEEEMITRF: B3 Bos: A K
Be, . ORORL TR OB DL & W T
(Actinobacillus ) . FAFTF T8 |1 ( Bacteroides ) ZEFE T[]
( Proteobacteria ) 1 JEEBE T 1] ( Firmicutes ) i ¥, ¥ 5

. ¢
PC1(37.36 %) @ . ok PC1(22.68 %) r’
(21 X
: - x
o > B =
(v
© . e _eo B °
& ... e B o o e o
@ HES °
© Se
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2 ) ©°
® O PC3(7.54 %)
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Al Bl
1.0 : 1.0
o * &
M = e M.E T % &
%0‘8- % x = * % 4 %0.8' et i e
% 4% g * %
D 0.6' -- - D 0.6" L
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I 2 r 5 T g
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5 . B = = 21 g9 ! B = = H
ﬁ ik l? + i ﬁ k{ ks b
o2 - {  Hoo2 A
& K
0.0 0.0

B R B % AR

A2

B2

2 WSS S N OB REINAL Unifrac JEES (A1, A2) FIAANAL Unifrac #EE5 (B1,B2)
Fig.2 Weighted UniFrac distance (Al,A2) and unweighted UniFrac distance Bl ,B2) of oral flora in commonly used laboratory

animals and humans
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m{4F & i] ( Bacteroidetes)
m R ] (Actinobacteria)

B3 WSR-S A DRSS T KA

Fig.3 Distribution of oral flora at phylum level in commonly used laboratory animals and humans
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Fig.4 Distribution of oral flora at genera level in commonly used laboratory animals and humans
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Fig.5 LEfSe results of oral flora in commonly used laboratory animals and humans (LDA =4, P <0.05)
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