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Effects of deoxyspergualin on dipeptidyl peptidase-II and -IV in the spleen of 
BXSB mice and MRLlIpr mice during the development of the lupus 

erythematosus-like syndrome 
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Several murine strains such as (NZB X NZW)F, mice, 
MRL/Mp-lpr/lpr (MRL/lpr) mice or male BXSB mice are 
known as animal models of systemic lupus erythematosus 
(SLE*) [l, 21. The etiopathogenesis of SLE in these strains 
of mice has been a subject of extensive study. Significant 

* Abbreviations: SLE, systemic lupus erythematous; 
DPP, dipeptidyl peptidase; DSP, 15-deoxyspergualin (l- 
amino-19-guanidino -ll- hydroxy-4,9,12_triazanadecane - 
lo,13 - dione); Lys - Ala - MCA, 7 - (Lys - Ala) - 4 - 
methylcoumarinamide; Gly-Pro-MCA, 7-(Gly-Pro) -4- 
methylcoumarinamide. 

changes in some peptidases in tissues or serum have been 
demonstrated in these animal models of SLE. In our 
previous studies [3,4], we found increased activity of DPP 
II (EC 3.4.14.2) and decreased activity of DPP IV (EC 
3.4.14.5) in the spleen of NZB mice, male BXSB mice and 
male MRL/fpr mice with lupus erythematosus-like 
syndrome as compared with the activities of male MRL/ 
++ mice, female BXSB mice and female BALB/c mice, 
as controls without SLE. As a result, an increase in the 
ratio of DPP II/DPP IV activities in the spleen of these 
lupus mice was noted as compared to the activities of 
control mice [3,4]. As in lupus mice, serum DPP II activity 
in patients with rheumatoid arthritis or SLE was increased 
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Fig. 1. Effect of DSP on DPP activities in the spleen of BXSB mice with SLE-like syndrome. Means i 
SD (N = 5); *P< 0.005; **P < 0.001; NS, not significant. DSP-untreated, female BXSB mice and 

BALB/c mice did not show SLE syndrome. 

and that of DPP IV was decreased resulting in the increased 
DPP II/DPP IV ratio [3]. 

Immunological abnormalities were observed in male 
BXSB mice and male MRL/&r mice at the onset of lupus 
nephritis at 13 weeks of age [5]. In contrast, no 
immunological abnormalities were found in control female 
BXSB mice and male MRL/+ + mice at even 20 weeks of 
age. The changes in peptidases paralleled with these 
immunologic~ abnormalities [4]. Thus, there is a possibility 
that these peptidases may be linked to the development of 
immunological abnormalities in SLE or rheumatoid 
arthritis. 

This study was undertaken to confirm our hypothesis 
that an increase in the ratio of DPP II/DPP IV activities 
can be a biochemical index of lupus erythematosus-like 
syndrome. A newly developed therapeutic agent, DSP, is 
one of the analogues of spergualin which was isolated by 
Umezawa et al. [6] and shown to have immunosuppressive 
effects as well as anti-tumor activities against murine 
leukemia L1210, EL4 lymphoma, etc. [7]. In this study, 
we examined the prophylactic and therapeutic effects of 
DSP on the changes of activities of DPPs in male BXSB 
mice and male MRL/ipr mice. 

DSP was supplied by Takara Shuzo Co. Ltd. The drug 
was dissolved in physiological saline shortly before use and 
injected intraperitoneally into mice. Male BXSB mice and 
male MRL/Zpr mice were used. The mice were originally 
obtained from the pedigree stock of the Jackson Laboratory 
(Bar Harbor, ME, U.S.A.) and maintained at our animal 
facility under sterile conditions. Administration of DSP 
was started from 13 weeks of age. DSP was administered 
every day for 2 weeks and again administered for 2 weeks 
after a 1 week interval. Mice were killed by decapitation 
at 20 weeks of age, and the spleens were removed and 
stored at -80” until assay. The organs were homogenized 
in 0.25 mol/L sucrose solution, the homogenates were 
centrifuged at 3000 g for 20 mitt, and enzymatic activities 
in the supernatant solutions were analysed. 7-Amino-4 
methylcoumarin, Lys-Ala-MCA and Gly-Pro-MCA were 
obtained from the Peptide Institute, Protein Research 

Foundation (Minoh, Osaka, Japan). Universal buffer 
(0.2 mol/L sodium borate and 0.05 mol citrate/L adjusted 
to pH5.3 with 0.1 mol/L sodium phosphate buffer) was 
used for the DPP II assay, and Gly-NaOH buffer (0.15 mol/ 
L each, pH 8.7) for DPP IV. Enzyme activities were 
assayed fluorometrically by measuring the enzymatic 
formation of 7-amino-4-methylcoumarin. DPP II activity 
was measured by HPLC with fluoromet~c detection with 
Lys-Ala-MCA as substrate [S]. DPP IV activity was 
measured fluoromet~c~ly with Gly-Pro-MCA as substrate, 
as described previously [9]. Protein was assayed by the 
method of Lowry et al. [lo]. Statistical significance was 
evaluated by a one-tail t-test. 

Symptoms of SLE were confirmed histologically in the 
spleen by the previously reported method [ll, 121. 

Results 

Figure 1 shows a comparison between the enzyme 
activities in the spleen of DSP-treated male BXSB mice 
without SLE symptoms vs DSP-untreated male BXSB mice 
with SLE symptoms and DSP-untreated female BXSB 
mice as SLE-free control mice and DSP-untreated female 
BALB/c mice as normal control mice. DPP II activity and 
DPP II/DPP IV ratio in the spleen of DSP-treated male 
BXSB mice that did not develop SLE symptoms were 
significantly lower than those of DSP-untreated male BXSB 
mice that developed SLE symptoms (P<O.OOl). In the 
spieen of DSP-treated male BXSB mice the activity of 
DPP II and DPP II/DPP IV ratio were not significantly 
different from those of DSP-untreated normal female 
BALB/c mice, 

Figure 2 similarly compares the changes between the 
two DPP activates in the soleen of DSP-treated male MRL/ 
Ipr mice without SLE symptoms vs DSP-untreated male 
MRL/lpr mice with SLE symptoms and DSP-untreated 
female BALB/c mice as normal controls. In the spleen of 
DSP-treated male MRL/&r mice that did not develop SLE 
symptoms, DPP II activity and the DPP II/DPP IV ratio 
were lower than those of DSP-untreated male MRL/lpr 
mice that developed SLE symptoms, and were not 
signi8cantly different from those of DSP-untreated normal 
female BALB/c mice. 
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Fig. 2. Effect of DSP on DPP activities in the spleen of MRL/ipr mice with SLE-like syndrome. Means 
2 SD (N = 5); *P < 0.05; *P < 0.01; **P < 0.001; NS, not significant. DSP-untreated, male MRL/++ 

mice and female BALB/c mice did not show SLE syndrome. 

The results in Figs 1 and 2 suggest that DSP treatment 
may prevent the increases in the activity of DPP II and in 
the ratio of DPP II/DPP IV in two experimental models 
of SLE, male BXSB mice and MRL/Zpr mice, in parallel 
with the prevention of the development of SLE symptoms. 

Discussion 

We had earlier reported increased DPP II activity in 
female NZB mice with SLE-like symptoms as compared 
to that in control female Balb/c mice without the symptoms 
[3]. An interesting finding in this study was the reciprocal 
changes in the activities of DPP II and DPP IV, which was 
similar to our previous findings on tumor-bearing animals 
and cancer patients [13). In our following study 141, DPP 
II activity increased and DPP IV activity decreased in the 
spleen with age in male BXSB mice or male MRL/ipr mice 
with SLE-like symptoms as compared to the activities in 
the control female BXSB mice or male MRL/++ mice. 
Since there seems to be a male to female difference in 
BXSB mice, we also examined male MRL/lpr mice vs 
control male MRL/+ + mice. The two control mice, female 
BXSB mice and male MRL/+ + mice also developed SLE- 
like symptoms at a later age, but were normal till 20 weeks 
of age. Other studies also indicate the participation of 
hydrolytic enzymes in pathogenesis of immunoallergic 
disturbances 114-181. 

The specific roles of these peptidases in immunological 
abnormality have not been elucidated yet. DPP IV was 
shown to modulate T-lymphocyte-mediated lymphokine 
1191. Moreover, specific inhibition of DPP IV with an 
irreversible suicide inhibitor blocks T cell activation by 
lectins [ZO]. The role of DPP II in immunological reactions 
is not clear, but as a Iysosomal enzyme, DPP II may 
participate in degradation of intracellular peptides related 
to immunological response. 

DSP is an anti-tumor agent newly developed by Umezawa 
and co-workers [6,7] and has been shown to have an 

(1 Correspondence: Professor T. Nagatsu, Institute for 
Comprehensive Medical Sciences, School of Medicine, 
Fujita Health University, Toyoake, Aichi 470-11, Japan. 

immunosuppressive function. It is one of the analogues of 
spergualin which was previously reported to suppress 
various types of immune response [6]. 

In our previous study, DSP effectively prevented the 
progress of spontaneous lupus glome~loneph~tis in both 
male BXSB and MRL/lpr strains of mice [ 11,121. DSP 
suppressed the development of the polyclonal B cell 
activation in autoimmune male BXSB and MRL/lpr mice 
and also showed therapeutic effects in these mice. Thus, 
the drug was assumed to act on both B and T cells. 

In this paper, we examined the effect of DSP on changes 
of DPP II activit and the DPP II/DPP IV ratio in male 
BXSB and MRL r Ipr mice. The present results on the effect 
of DSP on DPP II activity and the DPP II/DPP IV ratio 
coincide with the therapeutic effect of DSP on the lupus 
symptoms in these mice [II, 121, and may further support 
that the ratio of DPP II/DPP IV could be hypothesized as 
a biochemical index of some autoimmune diseases, and 
that prevention of SLE-like symptoms by DSP may be 
related to the changes in DPP activities. 
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