Comparative Medicine
Copyright 2016
by the American Association for Laboratory Animal Science

Vol 66, No 6
December 2016
Pages 468-473

Original Research

Tranexamic Acid and Supportive Measures to Treat
Wasting Marmoset Syndrome

Takuro Yoshimoto, Kimie Niimi,* and Eiki Takahashi

Wasting marmoset syndrome (WMS) has high incidence and mortality rates and is one of the most important problems in captive
common marmoset (Callithrix jacchus) colonies. Despite several reports on WMS, little information is available regarding its reli-
able treatment. We previously reported that marmosets with WMS had high serum levels of matrix metalloproteinase 9 (MMP9).
MMP?9 is thought to be a key enzyme in the pathogenesis of inflammatory bowel disease, the main disease state of WMS, and is
activated by plasmin, a fibrinolytic factor. In a previous study, treating mice with an antibody to inhibit plasmin prevented the
progression of inflammatory bowel disease. Here we examined the efficacy of tranexamic acid, a commonly used plasmin inhibi-
tor, for the treatment of WMS, with supportive measures including amino acid and iron formulations. Six colony marmosets with
WMS received tranexamic acid therapy with supportive measures for 8 wk. The body weight, Hct, and serum albumin levels of
these 6 marmosets were increased and serum MMP9 levels decreased after this regimen. Therefore, tranexamic acid therapy may

be a new and useful treatment for WMS.

Abbreviations: MMP9, matrix metalloprotein 9; WMS, wasting marmoset syndrome

The number of common marmosets (Callithrix jacchus) used for
experimental purposes has increased due to several advantages,
including their small body size, ease of handling, ease of breeding
in captivity, and absence of severe zoonotic issues.! Wasting mar-
moset syndrome (WMS) is a disease unique to this species and is
one of the most serious problems in the management of common
marmosets. The main symptoms of WMS include weight loss,
decreased muscle mass, and chronic diarrhea, and 50% to 80% of
deaths of captive marmosets involve WMS 581417242529 Marmosets
with WMS are characterized by their low body weight, anemia,
hypoalbuminemia, and alopecia.>*** Few effective treatments for
WMS are available »>*

The main disease state in WMS is inflammatory bowel dis-
ease (IBD) anchored by chronic enteritis.>** In humans, IBD
(including Crohn disease and ulcerative colitis) is a serious dis-
ease with no curative treatment."* Although the specific cause
of IBD remains poorly defined, the disease is thought to arise due
to interactions between genetic and environmental factors and
uncontrolled autoimmunity. Various inflammatory cytokines, in-
cluding TNFo and IL6, play an important role in IBD.** Antibody
treatments targeting these inflammatory cytokines are a mainstay
of IBD management but can lead to adverse events, including
infusion reactions, loss of response, and serum sickness.

Matrix metalloproteinase 9 (MMP9), a member of the matrix
metalloproteinase family, plays an important role in tissue remod-
eling, tumor growth, and inflammation by controlling inflam-
matory cytokine.*?*#2 MMP?9 is implicated in the development
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of inflammation by controlling various inflammatory cytokines,
including TNFa.. MMP9 contributes to IBD in humans and
mice,?*7%4 and we reported that serum MMP9 levels are elevated
in marmosets with WMS.#

Plasmin, a key enzyme in the fibrinolytic cascade, activates
MMP, including MMP9.# In addition, the use of antibodies to
inhibit plasmin protected against colitis in a mouse model of IBD,
and plasmin was a potential new treatment target for IBD in addi-
tion to other inflammatory cytokines.” Tranexamic acid is a plas-
min inhibitor that has hemostatic and antiinflammatory effects. It
is widely used in a several animal species, including humans, for
various reasons, including trauma, hyperpigmentation, and sur-
gery.*?32% However, the efficacy of tranexamic acid for targeting
MMP9 and treating IBD in humans or other animals has not yet
been assessed. We therefore assessed the efficacy of tranexamic
acid therapy with supportive measures, including amino acid
and iron formulations, in WMS.

Materials and Methods

Animals. This study was approved and overseen by the Ani-
mal Experiments Committee of RIKEN (Saitama, Japan) and was
conducted in accordance with the Institutional Guidelines for Ex-
periments using Animals. Common marmosets (Callithrix jacchus)
were reared at the RIKEN Brain Science Institute (Saitama, Japan)
and maintained on a 12:12-h light:dark cycle at 27 °C and 50% hu-
midity. All marmosets in this study were 2 to 6 y old. Marmosets
had unrestricted access to water and food pellets (CMS-1M, Clea
Japan, Tokyo, Japan) with added vitamins C and D, calcium, and
acidophilus. Hot water and comb honey were added to soften the
pellets and to increase the animals” preference for the food. Ani-
mals were given pieces of Calorie Mate (Otsuka Pharmaceutical,
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Tokyo, Japan), castella cake (Yamazaki Baking, Tokyo, Japan) or
banana pudding (Kewpie, Tokyo, Japan) as treats.

A low body weight of less than 325 g reportedly indicates
WMS, with a positive predict value of 96%.> Furthermore, WMS-
affected animals are anemic and hypoalbuminemic>**! and have
increased serum MMP9 levels.* In the current study, we defined
marmosets with WMS as adult animals presenting with body
weight of 325 g or less, Hct of 32% or less, serum albumin con-
centration of 4.4 g/dL or less, and serum MMP9 concentration
of 27.9 ng/mL or greater. The Hct and albumin threshold values
were determined according to previously reported the normative
parameters of marmosets,'? and the threshold value for serum
MMP9 was determined on the basis of the highest value of the
control group in our previous report.* Prior to treatment, adult
marmosets weighing less than 325 g and with alopecia received
a physical exam, CBC analysis, and serum chemistry evaluation.
Animals that met the described criteria were used for this study
(n = 6, Table 1). All animals had diarrhea or unformed stools be-
fore therapy.

WMS treatment regimen. All marmosets received tranexamic
acid therapy, amino acid and iron supplementation, and rehydra-
tion. Tranexamic acid (1%) was made by diluting 5% tranexamic
acid (Vasolamin Injection, Meiji Seika Pharma, Tokyo, Japan)
5-fold with saline (Otsuka Pharma Factory, Tokyo, Japan); 0.5-mL
doses was administered intraperitoneally once daily by using
26-gauge needles. Amino acid supplementation (3 mL, Aminole-
ban Injection, Otsuka Pharma Factory) was administered into the
saphenous vein 3 times each week by using 27-gauge butterfly
needles. Ringers lactate (5 mL, Lactec Injection, Otsuka Pharma
Factory) was administered with 0.5 mL of a vitamin formula-
tion (C-PARA, Takata Pharma, Saitama, Japan) subcutaneously 3
times each week by using 26-gauge needles. An iron supplement
(0.1 mL, Pet-Tinic, Pfizer, New York, NY) was administered orally
each day. Marmoset were retrained manually for all procedures.
The treatment regimen continued for 8 wk, and animals were
monitored for an additional 4 wk after the treatment period.

Body weight measurement and appearance. The body weight
and appearance of all animals were monitored weekly, before any
other procedures were performed.

Blood collection. Blood samples (0.5 mL) were drawn from
the femoral vein of manually restrained marmosets by using
26-gauge needles. A portion of the sample was used for CBC
analysis, and the rest of the blood was allowed to stand for 1 h
at room temperature before being centrifuged (1800 x g, 20 min,
4 °C). The serum was stored at —80 °C until further use. Blood
collection and physical exams were performed every 2 wk, before
any treatment was administered.

CBC and serum chemistry testing. CBC analysis, including Hct,
was performed by using an automated analyzer (Celltac Alpha,
MEK-6450, Nihon Kohden, Tokyo, Japan). The serum albumin
test was performed using a DryChem 4000 system (FujiFilm, To-
kyo, Japan).

Serum MMP9 concentration. Serum MMP9 levels were mea-
sured by using a commercial ELISA kit (Quantikine ELISA Hu-
man MMP9, SMP900, R&D Systems, Minneapolis, MN).

Statistical analysis. The Friedman test was performed to evalu-
ate the effect of tranexamic acid therapy with supportive mea-
sures on body weight, Hct, albumin, and serum MMP9 levels
before treatment, after the 8-wk treatment phase, and after the
4-wk follow-up phase. Two comparisons (before compared with

Tranexamic acid for treatment of WMS

Table 1. Pretreatment characteristics of the 6 marmosets included in
the study

Age  Weight Albumin  MMP9
Marmoset Sex (y) (g) Hct(%) (g/dL) (ng/mL)
1 Female 4 278.8 21.9 3.2 40.3
2 Female 2 259.3 27.9 43 190.5
3 Female 2 272.1 26.4 4.0 43.8
4 Male 4 242.0 27.1 3.5 46.2
5 Male 4 264.6 26.3 42 142.8
6 Male 2 254.8 31.1 3.4 52.0

after treatment and before treatment compared with follow-up)
for each value were analyzed by using the Bonferroni post hoc
test. A P value of less than 0.05 was considered statistically sig-
nificant (GraphPad Prism version 6 for Windows, GraphPad Soft-
ware, San Diego, CA). Data are presented as the mean + SEM.

Results

Changes in body weight. The body weight of our 6 marmosets
with WMS differed significantly (P < 0.05) between the pretreat-
ment, posttreatment, and follow-up time points. Bonferroni post
hoc testing revealed that body weight (mean + SEM) was higher
after treatment (342.9 + 15.0 g) and during follow-up (344.4 +20.8
g) compared with before treatment (270.7 £ 5.4 g; P < 0.05 for both
comparisons; Figure 1).

Changes in Hct value. The Hct level were higher at follow-up
(42.2% + 2.4%) than before treatment (26.8% + 1.2%; P < 0.05) but
did not differ significantly between the pretreatment and post-
treatment (39.5% + 2.1%) time points (Figure 2).

Changes in serum albumin level. The serum albumin concentra-
tion of our 6 marmosets with WMS was higher after treatment
(5.4+0.3 g/dL) and at follow-up (5.2 + 0.4 g/dL) compared with
before treatment (3.8 £ 0.2 g/dL; P < 0.05 for both comparisons;
Figure 3).

Changes in serum MMP9 levels. MMP?9 levels were lower (P <
0.05) at follow-up (42.2 2.4 ng/mL) than before treatment (85.9 +
26.3 ng/mL) but did not differ significantly between the pretreat-
ment and posttreatment (41.9 + 7.7 ng/mL) periods (Figure 4).
Figure 5 shows the overall clinical course in a single marmoset
(no. 4) throughout the experimental period.

Changes in appearance. All 6 marmosets had alopecia, espe-
cially at the tail base, and ulcers on the tail base before they began
tranexamic acid therapy with supportive measures (Figure 6 A),
and a trend for improvement in appearance was apparent after
treatment. At follow-up of all animals, the alopecia had almost
resolved, and the ulcers at the tail base showed signs of healing
(scarring; Figure 6 B).

Discussion

The results of this study indicate that tranexamic acid therapy,
combined with amino acid and iron supplementation, ameliorates
alopecia; increases body weight, Het, and serum albumin values;
and decreases serum MMP9 levels in marmosets with WMS.

One of the most important marmoset diseases, WMS is a sig-
nificant risk factor for wasted research resources due to its high
incidence and death rate."” A reported 60% of captive marmosets
have WMS, which contributes to 50% to 80% of deaths in these
animals 34141724329 The main symptoms of WMS are weight loss,
decreased muscle mass, chronic diarrhea, and alopecia; associated
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Figure 1. Body weights of all 6 marmosets before and after the 8-wk
treatment and after 4 wk of follow-up. In all animals, body weight was
increased after treatment and follow-up compared with before treat-
ment. ¥, P < 0.05 compared with value before treatment.
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Figure 2. Hct values of all 6 marmosets before and after the 8-wk treat-
ment and after 4 wk of follow-up. In all animals, Hct showed an increas-
ing trend between before and after treatment and were significantly
increased at follow-up compared with before treatment. *, P < 0.05 be-
tween values; ns, nonsignificant difference.

clinical pathology findings include decreased Hct and serum al-
bumin levels.>#141719242522 Seyeral reports have implicated IBD as
a key component of WMS.>»%

Without treatment, WMS is a deadly progressive disease.>”
Although several studies have reported nutritional therapeutic
interventions for WMS,*'** including a gluten-free diet,” the
results are inconsistent, and the diets do not achieve remission
during the terminal stages of WMS.® In humans, glucocorticoids
are considered the most effective treatment of IBD and are com-
monly used for the induction of its remission.??** Prednisolone,
one of the most commonly used glucocorticoids, induced remis-
sion in 77% of IBD patients within 2 wk.® However, the use of
prednisolone as therapy for WMS has not been reported and, in
our experience, does not consistently lead to remission of WMS.
This inconsistency could be due to prednisolone’s severe adverse
effects, which may prompt treatment cessation before remission
occurs. Similarly, adverse effects are the most significant problems
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Figure 3. Serum albumin of all 6 marmosets before and after the 8-wk
treatment and after 4 wk of follow-up. In all animals, serum albumin
levels were increased after treatment and follow-up compared with be-
fore treatment. *, P < 0.05 between values.
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Figure 4. Serum MMP?9 levels of all 6 marmosets before and after the
8-wk treatment and after 4 wk of follow-up. In all animals, the serum
MMP9 levels showed a decreasing trend between before and after treat-
ment and were significantly decreased at follow-up compared with be-
fore treatment. ¥, P < 0.05 between values; ns, nonsignificant difference.

associated with glucocorticoid therapy in humans with IBD.!
In comparison, budesonide, a relatively new glucocorticoid, in-
creased body weight and serum albumin levels in marmosets
with WMS.?” Because budesonide is considered to have fewer
side effects than do other glucocorticoids,” it may be a potential
option for WMS treatment. However, budesonide treatment re-
portedly is relatively ineffective in animals with acute forms of
WMS,” and several human patients with IBD have developed
budesonide-related adrenal insufficiency.® Therefore, WMS treat-
ment options other than glucocorticoids are desirable.

Tranexamic acid combined with supportive care measures did
not cause any noteworthy adverse effects in any of our animals
during the course of the current study. In addition, all 6 marmo-
sets continued to thrive for at least 3 mo after the experiment,
during which they maintained or continued to gain body weight.
To our knowledge, our study is the first to demonstrate effective
treatment of WMS without the use of glucocorticoids.
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Figure 5. Changes in (A) body weight, (B) Hct, (C) serum albumin level, and (D) serum MMP9 concentration throughout the experimental period in a
marmoset (no. 4) receiving tranexamic acid with supportive measures. Body weight was measured weekly, and Hct, serum albumin, and serum MMP9
levels were measured every 2 wk. Body weight, Hct, and serum albumin levels show an increasing trend, whereas serum MMP9 levels show a decreas-

ing trend throughout the experimental period.

According to fecal occult blood tests, treatment with tranexamic
acid, which has a hemostatic effect,* reduced the amount of blood
in the stools of marmosets with chronic diarrhea.”” Although we
did not perform fecal occult blood testing in the current study, the
hemostatic effect of tranexamic acid might have increased the Hct
of the marmosets. In addition, our findings imply that tranexamic
acid exerts a suppressive effect on MMP9, which contributes to
IBD in mice and humans,’®¥?4 in WMS. MMP?9 levels were up-
regulated in the colonic mucosa of mice with dextran sodium
sulfate-induced colitis,* and fecal MMP9 levels were increased
in human patients with active IBD.*! We previously reported that
WMS-affected animals had elevated serum MMP9 levels and pro-
posed that MMP9 as a target for WMS treatment.*!

MMP9-treated mouse intestinal epithelial cells recovered more
slowly after treatment than did control cells, suggesting that MMP9
impairs wound healing and cell attachment during intestinal

inflammation.” In our previous study, we noted epithelial damage
and disruption of crypt architecture in the intestines of WMS-
affected animals, which also were anemic and hypoalbumin-
emic, likely due to an absorption defect.* Other colleagues have
reported various abnormalities in WMS-affected animals, such
as bloody feces and poor nutritional conditions, including ane-
mia and hypoalbuminemia.” These abnormalities might reflect
MMP9-induced impairment of intestinal wound healing, includ-
ing that of the absorptive epithelium.

In human cells, plasmin converts the precursor form of MMP3
to its active form, which in turn activates MMP9." The antibody-
associated inhibition of plasmin suppressed MMP9 activation
and improved the survival rate in mice with induced enteritis.?”
In the current study, we used tranexamic acid, which is a less ex-
pensive and more readily available plasmin inhibitor than are
antiplasmin antibodies. Tranexamic acid has high-affinity binding
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Figure 6. Appearance of a marmoset (A) before treatment and (B) at follow-up. Before treatment, all 6 marmosets showed alopecia and ulcers at the
tail base. Trends of improved hair coats and decreased ulcer scarring were observed in all 6 animals after treatment and at follow-up. (A) The red ar-
row indicates an ulcer in an area of alopecia before treatment. (B) The blue arrow indicates a healed ulcer (scar) after tranexamic acid therapy with

supportive measures.

sites on plasmin and inhibits the action of plasmin on fibrin and
cells.® In the current study, tranexamic acid therapy decreased
serum MMP?9 levels, which are presumed to be associated with
enteritis, in marmosets with WMS and improved their overall
health status. Thus, tranexamic acid may effectively treat enteritis
by suppressing MMP9.

The magnitude of improvement differed among our 6 mar-
mosets, suggesting that the appropriate dose and duration of
tranexamic acid may depend on the extent of intestinal inflam-
mation in the individual subject. Although further studies are
needed to investigate the appropriate dose and duration of
tranexamic acid for WMS treatment, all 6 animals in the current
study demonstrated improvement in multiple health parameters,
showing that tranexamic acid has great potential as a WMS treat-
ment. Tranexamic acid can be administered orally; advantages
of oral administration include decreased restraint-induced stress
and reduced costs. Future experiments aimed at evaluating the ef-
ficacy of oral administration of tranexamic acid for the treatment
of WMS are warranted.
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