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Cytotoxic Effect of ApoL1r in Bovine Epithelial Kidney Cells as an Alternative 
Treatment for Trypanosoma spp. in Cattle
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Abstract
ApoL 1 has been considered as a good alternative to Trypanosoma spp 

treatment but is also related to kidney cytotoxicity in some mammals. The 
cytotoxic effect of the recombinant ApoL1 (ApoL1r) protein on bovine 
renal epithelial cells was evaluated in vitro. This cytotoxic effect led to 
an up to 50% decrease in cell viability. These results were comparable 
to those obtained through positive damage control (MM8 at 200 and 250 
ug/ml). It was determined that the ApoL1r protein could not be used in 
experimental animal models, specifically in cattle, due to the loss of cell 
viability that was generated.
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Introduction
Parasites of the genus Trypanosoma are flagellate protozoa that live in 

the blood and tissue plasma of their hosts. T. vivax, T. evansi and T. theileri 
have worldwide distribution and cause trypanosomiasis in domestic animals, 
especially cattle, buffaloes, horses and camels [1,2,3]. This disease is 
characterized by a wide range of presentations, from subclinical to (sometimes) 
acute, and generates losses for the livestock industry [3, 4, 5]. It has been 
estimated that the financial cost of the disease caused by Trypanosoma spp. 
can give rise to loss rates of 1% through reproductive problems and up to 10% 
due to mortality among calves in different herds [6]. This has implied that 
there is a need to test vector control and therapeutic strategies.

It has been recognized that the best strategies for reducing the losses due 
to this disease consist of carrying out vector control activities [3]. However, 
because of the undeniable difficulties of carrying out vector control effectively, 
therapeutic strategies for altering the biological and metabolic mechanisms of 
the parasite should be sought [7, 8 5, 9]. 

For more than 35 years, isometamidium and diminazene aceturate have 
been used as chemotherapeutic and chemoprophylactic agents for treating 
trypanosomiasis in cattle, sheep and goats, but their extensive use has 
already begun to produce resistance [10]. In addition, although most drugs 
target the Trypanosoma kinetoplast, there have been reports of Trypanosoma 
strains isolated from wild animals and cattle that mutate and do not present 
kinetoplasts. Thus, it was found that animals that received treatment with 
trypanolytic factor relapsed into infection, probably due to a lack of point of 
action [7]

Currently, there are no therapeutic strategies to reduce the problem of 
resistance and infection [11], although strategies involving host proteins 
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naturally resistant to non-T. cruzi Trypanosoma infections 
have been described. These have shown promising in vitro 
results in animal models [12]. One of these proteins is 
ApoL1, which is a protein of the immune system of mammals 
that is responsible for lysis of Trypanosoma in naturally 
resistant hosts. This protein has been evaluated in terms of 
its activity in experimental models [13]. It has been shown 
that recombinant ApoL1 (ApoL1r) can form a therapeutic 
tool against different trypanosomes that are not resistant 
to its mechanism. However, it has been shown that in high 
quantities, this protein can generate cellular damage together 
with renal cell apoptosis, in relation both to epithelial and to 
podocyte kidney cells [14].

An effective alternative treatment approach may be 
of great help in controlling or eliminating the agent and 
avoiding associated processes. For this reason, the aim of the 
present study was to establish the in vitro cytotoxic effect of a 
recombinant ApoL1 protein on a bovine epithelial kidney cell 
line, prior to recommending this as a therapeutic alternative 
against Trypanosoma spp.

Methods
An experimental in vitro study was carried out on a culture 

of bovine renal epithelial cells (ATCC bovine kidney) after 
more than 8 days of growth. This investigation was based on 
cytotoxicity analysis on the recombinant protein ApoL1, in 
bovine kidney cells, to evaluate an adverse renal effect that 
had previously been described by some authors [15]. For 
this, an experiment was designed by means of the Minitab® 
software, version 21 [16]. In this, the final response 
variable was the percentage viability, which was expected 
to be higher than 90% and was derived from analysis on 
absorbance, using spectrophotometry. This was done in 
order to determine whether the ApoL1 protein would cause 
damage to treated cells. The running time used for the assay 
was 8 days, not counting the incubation time of the cells. 
Four factors were considered: ApoL1 protein concentration 
(levels of 0.1, 1 and 10 ug/ml), positive control for cell death 
(levels of 200 and 250 ng/ml), negative control (with and 
without PBS) and negative cell control (with and without 
cells). The trial summary is described below:
Obtaining the recombinant ApoL1-like protein
The protein came in a presentation of 100 µg from the 
company ABCAM, Cambrige, UK. It is a 52 kDa protein, 
with a total of 238 amino acids, which is produced in wheat 
germ. Its sequence is:

(MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQ 
QNVPSGTDTGDPQSKPLGDWAAGTMDPESSIFIEDAIK 
YFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEAD 
ELRKALDNLARQMIMKDKNWHDKGQQYRNWFLKEF 
PRLKSELEDNIRRLRALADGVQKVHKGTTIANVVSGS 
LSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAAL 
TGITSSTMDYGKKWWTQA) and its access number in the  
Uniprot database is O14791.

Cell culture
Kidney cells were obtained from the company ATCC®, 

Virginia, USA. with the reference MDBK (NBL-1), CCL-
22. These cells originated from the kidneys of an adult male 
Bos Taurus animal and had been characterized as epithelial 
cells. For culturing, the cells were removed from the liquid 
nitrogen tank where they had been kept at -130 °C since 
purchase. Eagle's essential medium (catalog no. 30-2003) 
and fetal equine serum (Sigma-Aldrich) were added at a final 
concentration of 10%. 

Once the vial of cells had been removed, it was continually 
shaken at 37 °C in a water bath for 2 hours. The contents of 
the vial were then resuspended in a 25 cm2 growth vessel. 
This was placed in an incubator at 37 °C for 24 hours with 5% 
CO2. The medium was exchanged after 8 days of growth, in 
order to make the evaluation.

Cell subculture: 0.25% trypsin and 0.03% EDTA 
were added and then the solution was stirred. It was left at 
room temperature for 10 minutes, dry and added to a new 
medium. Subculturing was performed at a concentration of 
approximately 10e+5 cells per ml.

Preparation of MTT solution: A stock solution of 
12 mM was prepared by adding 1 ml of PBS to a vial of 5 
mg of MTT. This was then vortexed for 30 seconds. If did 
not was filtered until could be dissolved. The solution was 
immediately covered to avoid the effect of light.

Preparation of HCL-SDS: 10 ml of Hydrochloric acid 
solution (HCL) was added to with 1 g of SDS in a tube and 
inverted several times.

Addition of treatments: Serial dilutions of the protein 
were made, with the original concentration of 100 ug/ml. The 
cells were then added at a concentration of 10e+5 cells per 
ml, in a 96-well plate. Lane 1 consisted of distilled water; 
Lane 2, cells at a concentration of 10e+5, with 10 ug/ml of the 
protein; Lane 3, cells at a concentration of 10e+5, with 1 ug/
ml of protein; Lane 4, cells at a concentration of 10e+5, with 
0.1 ug/ml protein; Lane 5, blank with cells; Lane 6, MM8 
(methyl methane sulfonate) at 200 ug/ml; Lane 7, MM8 at 
250 ug/ml; Lane 8, blank with cells; Lane 9, blank without 
cells; Lane 10, culture medium; and Lane 11, PBS. 

MTT analysis: The medium was exchanged again as 
mentioned above, 100 ul of medium, and 10 ul of the MTT 
stock solution was added. This mixture was incubated for 

Design summary:

Factors: 4 Replications: 3

Running base: 48 Total runs: 144
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4 hours and the assay was viewed using a Multiskan Sky 
ELISA reader (Thermo fisher Scientific®), and the readings 
were stored until analysis. Three replicates were made on 
each plate and the assay was done three times. 

Cytotoxicity analysis
The cells were cultured in accordance with the 

manufacturer's recommendations and were kept at a standard 
concentration (1-2 x 10e+5). These cells were then seeded in a 
96-well plate with a final volume of 10 µl, with concentrations 
of 0.1, 1 and 10 mg/ml of ApoL1r. There was also one xxxxx 
lane without protein administration, as a negative control, 
but under the same conditions. After 12 hours of growth, the 
cells were treated with 50 ng/ml of tetracycline in complete 
Dulbecco's modified Eagle’s medium (DMEM). Cytotoxicity 
and viability were measured at 24 hours, using a cell 
proliferation kit (I-MTT; Roche®). 

The technique MTT is a colorimetric assay for non-
radioactive quantification of cell proliferation, viability and 
cytotoxicity. The sample material was adherent cells in 96-
well microplates. Through the colorimetric assay, the number 
of viable cells was analyzed according to the cleavage of 
tetrazolium salts that were added to the culture medium. This 
technique requires neither washing nor cell harvesting, and 
the entire assay, from microculture to data analysis using an 
ELISA reader, is performed on the same microplate [17]. 

Each treatment was run in three replications and three 
repetitions of this, and the data obtained were averaged to 
establish the point values.

Results
Evaluation of cytotoxicity in bovine kidney cells using 

recombinant ApoL1 For the cytotoxicity test, commercial 
bovine renal epithelial cells were obtained. The percentage 
viability of these cells was evaluated when they were subjected 
to three different concentrations of the recombinant protein. 
The viable cultured cells were subjected to interaction with 
three concentrations (10, 1 and 0.1 ug/ml) in three replicates 
and three repetitions to determine their cytotoxicity.

Administration of an average concentration of 0.1 ug/ml 
gave rise to an average percentage viability of 53%, among 
the cells in the tubes. The concentration of 1 ug/ml showed 
an average viability of 42% and the concentration of 10 ug/
ml showed an average viability of 32%. Similar results were 
obtained on average regarding the positive cell death control. 
This showed that the therapeutic dose of 0.1 ug/ml, and that 
larger or smaller doses caused viability lesions in the kidney 
cells used in the tests of this study. There was a statistically 
significant relationship in the ANOVA test (139) between 
administration of the treatment at all concentrations and 
decreased cell viability (p < 0.05). ApoL1 was clearly a non-
viable molecule for use as a treatment for trypanosomiasis in 
cattle

Discussion
Among the various alternative treatments for managing 

Trypanosoma spp., use of the ApoL1 protein has shown 
promise. Different therapeutic alternatives have been sought 
around the world, given the resistance to existing treatments 
and the difficulties in applying the available therapies [16]. 
One of the strategies that has been widely investigated for 
treatments for humans is the use of ApoL1, but its use is 
known to generate kidney toxicity in humans [15]. However, 
its use in cattle had never been explored until now. 

Bovine trypanosomiasis is responsible for economic 
losses in tropical and subtropical areas of Africa and Latin 
America. This disease is characterized by fever, anemia, loss 
of production and even death [18]. In the present study, the 
possibility of using recombinant ApoL1 in treatments for 
cattle was analyzed, with a view to avoiding the resistance 
processes that have been observed in relation to other 
treatments.

The recombinant ApoL1 protein was found to have high 
cytotoxicity, comparable to that of lethal concentrations 
of methyl methane sulfonate. This situation reduces the 
likelihood of its use for therapeutic purposes in cattle. The 
great association of kidney disease in humans with the 
different variants of ApoL1 has been widely studied [19]. 
However, in cattle, and even less in buffaloes, its function 
and possible use had not been explored. 

The effect of ApoL1 on infection with Trypanosoma 
brucei was demonstrated in one study [20, 1].  This protein was 
considered to be a protein of the larger ApoL family, which 
exhibits a shared domain that forms pores (PFD), a cellular 
marker (MAD) and a C-terminal stem-loop-interacting RNA-
binding protein (SRA) that is a binding domain [20, 21]. Its 
trypanolytic effect has been widely studied, as also has the 
mechanism of cell death associated with overexpression of 
the G1 and G2 variants in humans [15]. It is possible to infer 
that the mechanism that was observed in our study was the 
same as described in humans. 

The bovine mechanism involves an apoptosis event in 
cells mediated by phosphorylation of kinases that is induced 
through cellular stress, and an increase in phosphorylation of 
protein kinase that is activated by adenosine monophosphate 
(AMP). This reduces intracellular potassium levels and 
mitochondrial respiration rates, which leads to the death of 
bovine renal epithelial cells [22]. These findings indicate that 
functions in intracellular membranes, and specifically those 
of the endoplasmic reticulum and mitochondria, are crucial 
factors in situations of cell injury mediated by the ApoL1 
renal risk variant. 

The information obtained in the present study will be 
particularly useful for veterinary pharmaceutical companies 
and other people involved in production of drugs for cattle 
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and buffaloes. Nonetheless, further studies relating to new 
substances for controlling trypanosomiasis in buffalo species 
worldwide are required. For the veterinary pharmaceutical 
sector, it can be recommended that the search for other 
molecules that might help in treating trypanosomiasis should 
continue. Although it is evident that ApoL1 has a good 
effect on Trypanosoma species that do not affect humans, its 
administration poses a risk to animals’ kidney health.
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