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Abstract
Background: Viral infection of SARS-Cov-2 causes severe 

pathogenesis due to vasculitis and Kawasaki disease-like 
symptoms. We have demonstrated the efficacy of a drug 
seed VasSF, a recombinant single-chain Fv of IgG, using 
vasculitis model SCG/Kj mice. However, it is a problem 
using the SCG/Kj mice as they have low reproductive 
performance due to disease symptoms. 

Objective: To improve the performance, we tested if the 
VasSF treatment could increase the pup production in SCG/
Kj mice. 

Methods: SCG/Kj female mice (n=7) were treated with 
VasSF. After the treatment, the females were caged 
with SCG/Kj males. Pup production of the females was 
compared with that of females without VasSF treatment 
(n=19). The effect of VasSF on the females was also assayed 
by the urinary protein and occult blood scores. 

Results: VasSF increased the number of deliveries in 
SCG/Kj females, but not the litter size or pregnancy rate. 
The increase in the number of litters was slightly related to 
low urinary protein score, but not to urinary occult blood 
score. 

Conclusions: VasSF treatment increased the number of 
pup deliveries per female in SCG/Kj mice, maybe due to 
the suppression of vasculitis/nephritis progression. With 
efficient reproduction by VasSF, further use of SCG/Kj mice 
can be expected in vasculitis/nephritis research.

Keywords: Vasculitis, mouse model (SCG/Kj), Reproductive 
performance, antibody drug (VasSF)

Introduction
Viral infection of SARS-Cov-2 causes severe pathogenesis 

due to vasculitis and Kawasaki disease-like symptoms all 
around the world1). For elucidating the pathophysiology of 
such vasculitis and drug discovery for the disease, pathological 
models are necessary. SCG/Kj mice are essential animals 
as disease models for human vasculitis and crescentic 
glomerulonephritis2,3). With SCG/Kj mice and its congenic 
strain, we have determined genetic locus candidates responsible 
for the antineutrophil cytoplasmic autoantibody (ANCA)-
associated vasculitis4). We also have demonstrated the efficacy 
of a drug seed VasSF, a recombinant single-chain Fv of IgG5), 
for vasculitis/nephritis using model SCG/Kj mice6). In the 
study, we found that the therapeutic effect of VasSF improved 
serum biochemistry and histopathological pathology and 
enhanced general health conditions such as the life-prolonging 
effect. Thus, the use of this model is expected to advance the 
etiology analysis and drug discovery of vasculitis, such as 

Covid-19. However, there are drawbacks when using SCG/
Kj mice. SCG/Kj female mice are quite challenging to be 
reproduced and maintained since they have low reproductive 
performance due to deterioration of general conditions induced 
by vasculitis and nephritis.

In the present study, we investigated if the therapeutic effect 
of VasSF improves the disease symptoms and the reproductive 
performance of SCG/Kj mice for efficient utilization of SCG/
Kj mice in analyses of the pathophysiology of vasculitis and 
drug discovery. Our results indicated that the administration 
of VasSF could be expected to improve female reproductive 
performance by increasing the number of litters per female.

Materials and methods
1. Animals

We used SCG/Kj mice raised in the National Institutes 
of Biomedical Innovation, Health, and Nutrition, Osaka, 
Japan (NIBIOHN). All animal experiments were conducted 
in accordance with the guidelines for animal experiments of 
the National Institutes of Biomedical Innovation, Health, and 
Nutrition (Authorization number: DS25-60).

2. Urinalysis
Urine was collected from mice following spontaneous urination 

of the mice when handled. Urinary protein concentrations and 
occult blood were measured by urine test dipsticks (Uropaper III, 
Eiken, Tokyo). Values were recorded and displayed by digits (0: -, 
0.5: ±, 1: +, 2: ++, 3: +++, and 4: ++++). 

3. Reproduction performance tests with or without VasSF 
treatments
When SCG/Kj female mice (n = 7) became six-week-old, 

they were started to be intraperitoneally injected with VasSF5) 
(Lot: 9nSU) solution at 0.1 mg/kg/day, twice a week (Monday 
and Thursday, or Tuesday and Friday) for three weeks. After 
these treatments, the mice were caged with SCG/Kj males. 
We monitored the body weight, urinary protein concentration, 
and occult blood in the treated group on Mondays and Fridays, 
except when the mice were nursing pups. When females became 
pregnant, the numbers of deliveries, pups delivered per delivery 
(litter size), and pups delivered per female were recorded. 
Reproductive parameters in SCG/Kj females of the same 
generation of treated females in our breeding colony were used as 
untreated controls (n = 19). No urinary parameters were recorded 
in the non-treated control group.

4. Statistical analyses
Percentages (pregnancy rates and the percentage of females 

with two litters) were analyzed with Fisher exact tests. The 
numbers of deliveries, pups delivered per delivery (litter size), and 
pups delivered per female were analyzed with one-way ANOVA. 
The difference was considered to be significant if p < 0.05.

Results
1. Reproductive performance

There was no significant difference in the pregnancy rate 
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(p = 0.357, Fig. 1A), but significantly more females (3/7) in the 
treated group had two litters than those (1/19) in the untreated 
group (p = 0.047, Fig. 1B). No female delivered three or more 
litters. Although there was no difference in litter size (p = 0.368, 
Fig. 1C), the number of pups born from each female tended to be 
higher in the treated group than in the untreated group (p = 0.067, 
Fig. 1D).

2. Body weight and urinalysis in the treated group
Body weight, urinary protein, and occult blood scores in all 

VasSF-treated females during the observation period are shown 
in Fig. 2. For females that delivered only one litter (n = 3) and 
females that gave two litters (n = 3), urinary protein and occult 
blood scores during the gestation period of the first birth are 
shown in Fig. 3. In the female without pregnancy, occult blood 
increased steadily, and urinary protein also tended to increase in 
the latter half of the observation period. Urinary protein tended 
not to exceed 2+ in females, which delivered pups but tended to 
increase in the last half of the gestation period in females, which 
failed to deliver the second litter. Regardless of the number of 
delivered litters, occult blood tended to be low and high in the 
first half (-21 to -10 days before delivery) and the second half (-10 
to delivery days), respectively, of the gestation period. 

Discussion
In the present study, we found that the VasSF treatment 

improved the reproductive performance in SCG/Kj females 
by making them deliver two litters in comparison with non-
treated females, which can deliver only one litter. The beneficial 
effect of VasSF might be due to the suppression of vasculitis/
nephritis progression, suggested by the observation of urinary 

proteins. Regarding occult blood, a different mechanism related 
to pregnancy is suggested in addition to the ones associated with 
vasculitis/nephritis. 

VasSF was proven to enhance the reproduction of the SCG/Kj 
mice by increasing the number of deliveries in SCG/Kj females 
(Fig. 1B). So far, the low reproductive performance of SCG/Kj 
mice has been a problem for the proliferation and maintenance 
of the strain2). Non-treated SCG/Kj females became pregnant 
as VasSF-treated females (Fig. 1A), but only a few non-treated 
females delivered two litters (Fig. 1B). In the present study, 
VasSF treatment could significantly increase the number of 
females that delivered two litters if VasSF suppressed vasculitis/
nephritis, which was suggested by the urinary protein score (Figs. 
3A and 3C). However, vasculitis/nephritis in pregnant SCG/Kj 
females needs to be examined in more detail since the protein 
score difference was small between females with one and two 
litters, and no direct comparison of urinary scores between treated 
and untreated groups was carried out in the present study. Since 
VasSF did not improve pregnancy rate or litter size (Figs. 1A and 
1C), vasculitis/nephritis is suggested to have a small effect on 
these parameters. 

Urinary occult blood was suggested to be caused by pregnancy 
rather than vasculitis/nephritis since occult blood increased in 

Figure 1. Reproduction of SCG/Kj mice in groups with or without VasSF treatment
A. Pregnancy rate. Pregnancy rates were not significantly different between non-treated 
and treated groups (p = 0.357 by Fisher Exact Test). Nos. of observed females are indicated 
in the parentheses. B. Percentages of females with two deliveries. Percentage of females 
with two delivery in observed females in the treated group was significantly higher than 
that of the non-treated group (p = 0.047 by Fisher Exact Test). Nos. of observed females 
are indicated in the parentheses. C. Litter sizes. Litter sizes (MEAN ± SD) were not 
significantly different between non-treated and treated groups (p = 0.368 by ANOVA). Nos. 
of observed deliveries are indicated in the parentheses. D. Nos. of pups per female. Treated 
females tended to produce more pups (MEAN ± SD) than non-treated females (P = 0.067 
by ANOVA). Nos. of observed females are indicated in the parentheses.

Figure 2. Body weight, urinary protein concentration, and occult 
blood in the treated group
Body weights, urinary protein, and occult blood scores in all VasSF-
treated females (n = 7) during the observation period are shown in A, B, 
and C, respectively. Time for VasSF treatment is indicated in the figures 
(horizontal bar). 
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pregnant females as the pregnancy progressed 
(Figs. 3B and 3D). In humans, occult blood is 
possible due to compression of the ureter by 
the pregnant uterus, and both occult blood and 
urinary protein increase in the last trimester 
(full-term) compared to non-pregnancy7). 
These suggest that elevated occult blood during 
pregnancy may not necessarily correlate with 
vasculitis or nephritis. Some reports also 
indicated that there is little association between 
occult blood and fertility8,9). Hidaka et al.10) 
referred to reports showing pregnancy is an 
exacerbating factor for kidney diseases11,12). 
They also mentioned reports showing no tight 
relationship between pregnancy and kidney 
diseases13-15). They described a case in that 
pregnancy improved kidney disease10). Thus, 
caution should be needed when we analyze the 
relationship between urinary occult blood and 
pregnancy.

Although a more detailed study is needed to 
elucidate the mechanism of the VasSF treatment, 
the present study showed that VasSF increased 
the number of pup deliveries in SCG/Kj mice. 
Better reproductive performance induced by 
VasSF would facilitate further use of SCG/Kj 
mice in vasculitis research, such as Covid-19. 
SCG/Kj mice are available from our mouse 
repository (the Laboratory Animal Resources 
Bank of National Institutes of Biomedical 
Innovation, Health and Nutrition, https://animal.
nibiohn.go.jp).

Conclusions
VasSF treatment increased the number of pup deliveries 

per female in SCG/Kj mice, maybe due to the suppression of 
vasculitis/nephritis progression. With efficient reproduction by 
VasSF, further use of SCG/Kj mice can be expected in vasculitis/
nephritis research.
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Figure 3. Urinary protein concentration and occult blood of females with litters in the 
treated group during the gestation period of the first birth
Urinary protein (A and C, respectively) and occult blood (B and D, respectively) are shown for 
females that delivered only one litter (n = 3, Animal IDs: R2, R5, and R6) and females that gave 
two litters (n = 3, Animal IDs: R3, R4, and R7) during the gestation period of the first birth.


