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Abstract

Parasitic wasps inject their eggs, together with a complex venom mixture, in or on other insects. Parasitoid
venoms use various mechanisms to manipulate the physiology and suppress the immune system of their hosts, thus
enabling the growth and development of their offspring. Since the major mechanisms of innate immunity in insects are
homologous to the Nuclear Factor kappa B (NF-kB) pathway in mammalian immunity, this study hypothesized that
venom related immune suppression observed in host insects could also be observed in mammalian cells. Therefore, an
NF-xB-dependent luciferase assay was used to determine the effects of P. turionellae venom on murine fibrosarcoma
L929sA cells. Results from an MTT assay showed that venom from P. turionellae has no cytotoxic effects on L929sA
cell lines when considering a defined range of exposure time and concentrations. Also, the present study indicated that
endoparasitoid P. turionellae venom has potential to inhibit NF-kB signaling in cells of mammals at nontoxic
concentrations. In conclusion, venom components from ecto- or endoparasitoid wasps have anti-inflammatory potential
on increased immune responses of mammalian cells.
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*

Pimpla turionellae L. (Hymenoptera: Ichneumonidae) Zehirinin Memeli Hiicrelerindeki Potansiyel Antienflamatuvar
Etkilerinin Degerlendirilmesi

Ozet

Parazitik arilar sahip olduklari kompleks bir zehir karigimi ile birlikte yumurtalarmi diger boceklerin igine
veya iizerine enjekte ederler. Parazitoidlerin zehirleri, geng parazitoidin bliylime gelisimini saglamak amaciyla konak
fizyolojisini degistirecek veya bagisiklik sistemini baskilayacak sekilde is gormektedir. Boceklerde baslica dogal
bagisiklik yolaklari olan Toll/ Imd yolaginin, memelilerdeki NF-kappa B (NF-«xB, Niiklear Faktor kappa B) yolagina
homolog olmasi nedeniyle, zehire bagl olarak konak bocegin bagisiklik sisteminde olusan tepkilerin memeli hiicre
sisteminde de olabilecegi ¢alismamizin hipotezi olarak belirlenmistir. Bu nedenle, P. turionellae zehrinin murin
fibrosarkoma L929sA hiicreleri lizerindeki etkilerini belirlemek i¢in NF-xB 'ye bagimli bir lusiferaz aktivite testi
kullanmldi. MTT testinden elde edilen sonuglar, P. turionellae'den elde edilen zehirinin uygulanan inkiibasyon
stirelerinde ve konsantrasyonlarda 1.929sA hiicre hatlar1 iizerinde sitotoksik etkiye sahip olmadigmi géstermistir.
Ayrica, bu ¢aligma, endoparazitoit P. turionellae zehirinin, toksik olmayan konsantrasyonlarinda memeli hiicrelerindeki
NF-xB sinyalini inhibe etme potansiyeline sahip oldugunu gostermistir. Sonug olarak, ekto- veya endoparazitoit
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arilardan elde edilen zehir bilesenleri, memeli hiicrelerinin artan bagisiklik tepkileri {izerinde antienflamatuvar
potansiyele sahiptir.

Anahtar kelimeler: endoparazitoit zehir; fibrosarkoma hiicre; NF-xB sinyal; enflamasyon; Pimpla turionellae
1. Introduction

Venom extracts of various animals were studied to determine their possible anti-inflammatory effects on
different chronic inflammatory diseases (i.e atherosclerosis and rheumatoid arthritis) and cancer [1-4]. In this context,
the research on parasitoid venoms for use as immune suppressing agents has become remarkable, because several
peptides/proteins are produced in wide range and at high level in their venom glands. Endoparasitoids have immune
regulation mechanisms to provide a suitable nutritional environment for the successful development of their offspring
inside host insects [5-6]. These parasitism-dependent regulations of host immunity in particular idiobiont species are
due to injection of maternal factors [7-9]. Several endoparasitoids have been proven to exert immune suppressive
activity on their host [10]. This function is mostly attributed to the polydnavirusses (PDVSs) that are simultaneously
released with the parasitoid venom prior to oviposition. PDVs are known to suppress both humoral immunities, by
interfering with melanization, AMP synthesis and the prophenoloxidase cascade, and cellular immunity, through
inhibition of encapsulation, in the host organism [11-12]. However, like the ectoparasitoid wasp Nasonia vitripennis
(Walker) (Hymenoptera: Pteromalidae), P. turionellae also lacks PDVs, indicating that all immune suppressive effects
are likely carried out by venom components [4]. This shows that this endoparasitoid wasp (Hymenoptera:
Ichneumonidae) is an interesting species to study anti-inflammatory potential of the venom compounds.

The idiobiont, endoparasitoid wasp Pimpla turionellae L. (Hymenoptera: Ichneumonidae) also injects its pupal
host with venom during oviposition. Studies on the immune suppressive effect of P. turionellae venom have shown that
it inhibits the immune system in its host organism in order to protect their offspring from elimination. Interestingly, as
mentioned before, this wasp venom lacks polydnaviruses and virus-like particles so that the wasp venom is likely to
play a major role in host regulation [13]. Venom from P. turionellae contains a number of biologically active
components including proteins, peptides, and biogenic amines. Additionally, venom displays a mixture of several mid
to high range molecular weight proteins [14]. Previous studies reported that depending on host susceptibility, P.
turionellae venom exhibits cytotoxic and/or cytolytic mechanisms thus inducing host paralysis [9, 14]. Furthermore,
venom-induced morphological changes were shown in the BTI-TN-5B1-4 and Aag-2 cell lines isolated from cabbage
looper, Trichoplusia ni (Hiibner) (Lepidoptera: Noctuidae) and larvae of the yellow fever mosquito, Aedes aegypti (L.)
(Diptera: Culicidae), respectively. All these previous studies have focused on the host insect hemocyte immune
responses following treatment with P. turionellae venom [15]. However, the promising recent findings reported by
Danneels et al. [4] and Saba et al. [16] showed that the venom of two ectoparasitoid species N. vitripennis and Bracon
hebetor Say (Hymenoptera: Braconidae) have anti-inflammatory potential on mammalian cells. It is known that the Toll
and Imd pathways in insects are homologous to the mammalian Nuclear Factor kappa B (NF-kB pathway) [17] and
studies show that even at molecular level of invertebrates and vertebrates, these innate immunity pathways are
evolutionary conserved [18]. In mammalian organisms, various immune responses like inflammation are regulated by
the NF-«B transcription factors [19]. Numerous diseases such as inflammatory and autoimmune diseases, septic shock,
viral infection, abnormal immune development, and cancer are a result of the incorrect regulation or excess activation of
the NF-«xB pathway [20-21]. For this reason, modulation of NF-kB activation is the most important therapeutic strategy
for reducing tissue damage that follows the release of inflammatory mediators. Therefore, the current study aimed at
investigating the potential anti-NF-xB and anti-inflammatory responses of P. turionellae venom on mammalian cells.
Further, investigating the potential anti-inflammatory responses of an endoparasitoid wasp venom on mammalian cells
will help to compare the differences and similarities between an ecto- and endoparasitoid species based on the finding
of a previous study [4].

2. Materials and methods
2.1. Insect rearing

Idiobiont, solitary and endoparasitoid P. turionellae culture was reared on the host, greater wax moth, Galleria
mellonella (Lepidoptera: Pyralidae) pupae [22]. Adult females and males were fed with 50% (v:v) honey-water solution
and pupae of G. mellonella (5 pupae for every 10 female wasps once every two days). Parasitoid culture was maintained
at 24 £ 1°C, 55 + 5 % RH, and 12: 12 h, L: D photoperiod conditions in insect culture room (D-51) at Animal
Physiology Laboratory, Eskisehir Technical University, Eskisehir, Turkey.

2.2. Isolation of crude venom from P. turionellae

Venom samples used for the experiments were isolated by removing the venom glands of 15 to 20-day-old
female wasps [22]. Venom glands of female wasps were used for each replicate of cell viability (MTT) and reporter
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gene analysis assays. Females were frozen at —20°C for 10 minutes before dissection of venom glands. Then, venom
glands were ruptured in distilled water and centrifuged at 12.000 g, +4°C for 10 min to separate cell debris. The
resultant supernatant was used as crude extract of the venom. These supernatants were transferred into clean
microcentrifuge tubes and immediately lyophilized in a lyophilizer (Freeze dryer, Christ, model Alpha 1-4), frozen and
stored at —80°C until further use.

2.3. Total protein analysis in crude venom

Lyophilized crude venom samples were dissolved in insect saline buffer (ISB, 10 mM Hepes, 2 mM MgCI2, 4
mM CaCl2, 10 mM KCI, 150 mM NaCl) before analyzing the amount of total protein content. After suspension of the
lyophilized crude venom, a total protein assay was performed according to the Bradford method at 595 nm using bovine
serum albumin as the standard curve.

2.4. Cell culture

Mouse fibrosarcoma cells transfected with an NF-kB-dependent reporter gene (L929sA cells) were used in all
experiments. L929sA cell lines were routinely grown on DMEM medium containing ten percent fetal bovine serum, 0.1
mg/ml streptomycin and 100 units/ml penicillin supplements and maintained at 37 °C in 5% CO2 humidified air. Cells
were seeded with a density of 3000 cells/well 96-well plates, 48 hours prior to treatment.

2.5. MTT assay

To determine the cytotoxicity of P. turionellae venom on the viability of L929sA cells, an MTT assay was
performed using different concentrations of the venom and multiple incubation times (3, 7 and 24 hours). The MTT
assay with L929sA cells was performed according to the protocol of Danneels et al. [4] using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT, 0.5mg/ml in each well. Subsequently, this plate was incubated at the same
cell culture conditions as mentioned above. After this time period, 100 pl culture medium (without serum and
antibiotics) in the negative control (NC), 100 ul deionized water or ISB in the positive control (PC) and 100 pl culture
medium without serum and antibiotics plus different concentrations of the wasp venom were added to the cell medium
in the respective wells. After incubation (3, 7 and 24 hours) with different concentrations of venom (0.08 — 40 pug/ml),
20 ul MTT solution (0,5mg/ml) was added to each well in dark flow and incubated overnight in the dark at 37°C till
blue deposits appeared. The formazan crystals were then dissolved in SDS/HCI solution and left to incubate at a
temperature of 37°C for 5 hours. The absorbance was analyzed calorimetrically at 595 nm with a microplate reader
(Apparatus Multiskan FC — Thermo Scientific). Based on this assay, nontoxic concentrations of wasp venom on the
L929sA cells were determined to perform reporter gene analysis.

2.6. Reporter gene analysis (Luciferase and f-galactosidase assay)

Luciferase and B-galactosidase assays were performed as mentioned in Danneels et al. [4]. To examine the
effects of the venom on NF-KB activity in this study, NF-KB-dependent reporter gene transfected L929sA cells (3.0 x
103 cells in each well) were seeded in a 96 well plate. Subsequently, these plates were incubated as cell culture
conditions as mentioned above. After this time period, each well was pretreated with nontoxic concentrations of venom
(20, 10, 5, 2.5, 1.25, 0.63 and 0.32 pg/ml) for 15 minutes and stimulated for 5 hours at 1000 and 2000 IU/ml TNF
concentrations. After incubation, all media were removed from each well and rinsed with phosphate buffer saline.
Subsequently, 100 pl lysis buffer (0.2 M K2HPO4, 0.2 M KH2PO4, 0.2 % Triton X-100) was added to each well and
frozen at -80 °C overnight. After freezing, cell lysates were thawed and 25 pul of each cell lysate was loaded to black 96-
well plates. For luciferase (luc) reporter assays, 50 ul luciferase mix (Sigma) was added per well to one plate and
measured directly with luminometer (Viktor3 system, Perkin Elmer Life Sciences, Boston, MA). For galactosidase
reporter assays, 50 pl gal mix (Sigma) was added per well to the other plate and incubated for one hour. After
incubation galactosidase activities in each plate were measured with luminometer (Viktor3 system, Perkin Elmer Life
Sciences, Boston, MA). The b-galactosidase values were used to normalize the measured luciferase activity. Therefore,
normalized NF-KB-dependent reporter gene activity was described as arbitrary light units.

2.7. Statistical analysis

All data were expressed as the mean =+ standard error (SE) of three replicates. Percentage data for cell viability
were normalized by arcsine transformation before analysis. The SPSS software program (version 18.0 for Windows,
SPSS Science, Chicago, IL) was used for all statistical analysis. First, Shapiro-Wilk test was used to confirm normality
of the experimental results. All data were distributed normally. Therefore, our data was evaluated using analysis of
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variance (ANOVA) and separated using Least Significant Difference (LSD) and Dunnett’s tests. Results were recorded
as statistically significant when P < 0.05.

3. Results
3.1. Cytotoxic effects of P. turionellae crude venom (MTT assay)

Effects of isolated P. turionellae venom on cell viability of L929sA murine fibrosarcoma cells were determined
by a cell viability (MTT) assay. As shown in figure 1, the percentage of cell viability changed according to both venom
concentration and incubation time (P<0.05, Dunett’s test). After three hours of venom treatment, the viability of
L929sA cells showed a statistically significant decrease of 17,8% (F= 2.796; df= 10, 22; P= 0.021), only at the highest
concentration (40 pg/ml). After seven hours of venom exposure, lower venom concentrations had no significant effect
on cell viability. Treatment with higher venom concentrations (10, 20 and 40 pg/ml) showed a statistically significant
decrease in cell viability. Respectively 87.8 %, 89.9% and 75,31%, of the cells survived (F= 8.639; df= 10, 22; P=
0,000). On the other hand, 24 hours post-incubation with P. turionellae venom, it was observed that even at the lower
concentrations (from 1.25 pg/ml and above), cell viability decreased significantly when compared with other lower
concentrations (0,08 - 0,63 pg/ml) and control (F= 103.162; df= 10, 22; P= 0.000). Cell viability (%) was reduced
below 50% at the two highest venom concentrations after 24 hours incubation as shown in Figure 1.
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Figure 1. Influence of P. turionellae venom on L929sA murine fibrosarcoma cells viability (%)
“Cell viability was analyzed according to an MTT assay. Means of triplicates (%) after respective treatments are shown in the graph together with the
standard error (SE) bars. *Data were evaluated significantly different at a 95% confidence interval (p<0.05, Dunnett’s tests).

3.2. Effects of P. turionellae crude venom on NF-«B activity in TNF-stimulated L929sA cells

According to MTT assay results, concentrations of venom at 0.32-20 nug/ml were nontoxic on cells within
short incubation times. Therefore, these venom concentrations were used on cells for the NF-kB activity analysis. In
this analysis, a stably transfected NF-«xB -dependent luciferase reporter gene system consisting of an NF-kB-responsive
element and a constitutively expressed reporter gene construct (pPGKbGeobpA) encoding -galactosidase, was used to
determine the effects of P. turionellae venom on TNF-dependent NF-kB activity in L929sA cells. Transfected L929sA
cells were also stimulated with two different concentrations of TNF (1000 and 2000 1U/ml) for five hours to induce the
NF-kB reporter gene. While B-galactosidase activity did not change in both TNF-stimulated and unstimulated L929sA
cells at all venom concentrations and control group, increased luciferase activity was observed in all TNF-stimulated
groups compared with non-TNF-stimulated groups. These results obtained from B-galactosidase activities exhibited
continued cell viability. Additionally, the luciferase activity measured in cells induced with TNF at 2000 1U/ml was
determined to be higher than the cells stimulated with TNF at 1000 IU/ml. Thus, luciferase and -galactosidase activity
results revealed that L929sA cells responded to TNF, followed by an induction of the NF-xB-reporter gene. After 5
hours of incubation with indicated TNF concentrations, luciferase activity significantly decreased with increased venom
concentration in pre-treated cells compared to control (P<0.05, Dunnett test). As shown in Figure 2, normalized NF-xB
dependent reporter gene activity decreased at 2.5-20 pg/ml venom concentrations when compared with lower venom
concentrations and control (F=6.577; df= 7, 16; P= 0.001, LSD test) in cells stimulated with 1000 IU/ml TNF

Evaluation of the Potential Anti-inflammatory Effects of Endoparasitoid Pimpla turionellae L. (Hymenoptera: Ichneumonidae) venom on Mammalian
Cell Lines
Hiilya ALTUNTAS, Sara VLEMINCKX, Ellen DANNEELS, Ekrem ERGIN, Dirk C. de GRAAF



Biological Diversity and Conservation — 14 / 3 (2021) 501

concentration. Whereas, at all venom concentrations, reporter gene activity decreased in comparison with control in
2000 1U/ml TNF-stimulated L929sA cells (F= 9.656, df= 7, 16, P=0.000, LSD test). Briefly, NF-xB dependent reporter
gene activity in both 1000 and 2000 IU/ml TNF stimulated L929sA cells was lowest at 10 pg/ml venom concentration
compared to control cells.
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Figure 2. Influence of venom concentrations on TNF-dependent NF-kB expression

*L.929sA cells were seeded in 96 well plates and treated with different venom concentrations (0.32 — 20 pg/ml) and TNF (1000-2000 U/ml).
Normalized NF-kxB expression following treatment is shown as arbitrary light units. Means with SE fallowed by the different letters are significantly
different (p<0.05, LSD test).

4. Conclusions and discussion

Cell death in host-parasitoid relationship is a general mechanism. This is often associated with the suppression of
the host's immune system. Cell death may be caused by stimulation of the apoptotic or oncotic pathways by the
secretions produced by the s female wasps such as venomous cocktails injected into the hosts [10, 23]. Thus, venoms
from parasitoid species cause important physiological effects such as interrupting host immunity in parasitoid-host
relationships. Previous studies reported that, solitary, idiobiont and endoparasitoid species, P. hypochondriaca and P.
turionellae venoms’ lack of PDV induced the paralyzation of their hosts via cytolytic and cytotoxic mechanisms [9, 14-
15, 24]. Er et al. [15] also showed that P. turionellae venom decreased cell viability, mitotic index, and encapsulation
response of host hemocytes. Also, cell-mediated immune response was suppressed via inducing apoptotic or necrotic
pathways in the larval and pupal stages of host G. mellonella. Furthermore, studies on the suppression of the immune
system by endoparasitoid P. turionellae venom were performed on other insect cell cultures [15]. However, studies
related with the effects of parasitoid venom on mammalian cells are limited in literature [4, 16, 25]. On the other hand,
several studies demonstrated that bee venoms exhibit anticonvulsant [26], cytotoxic, genotoxic, mutagenic [27-28], anti-
inflammatory [29-30] and cytostatic [31] influences on the mammalian cells. Saba et al. [16] also argued that
Hymenopteran venoms contain in them antimicrobial peptides which possess antibiotic activity against mammalian
cells. Therefore, the current study was focused on investigating the potential cytotoxic and anti-inflammatory responses
of endoparasitoid P. turionellae L. (Hymenoptera: Ichneumonidae) venom on mammalian cells. Our results show that
venom can have cytotoxic effects on mammalian cells but mostly at longer incubation times and higher venom
concentrations. Although in our experiment, at some point, significant decrease of cell viability is measured, it is not
clear if this is biologically relevant since still 87% of the cells survive (Fig 1). Indeed, P. turionellae venom induces cell
death in insect cell lines even at low concentrations [15], whereas in murine fibrosarcoma cells (L929sA), cytotoxicity
was noticeable only at high doses (20 and 40ug/ml) and long induction time (24 h). Interestingly, these venom
concentrations for mammalian cells are higher than concentrations determined for N. vitripennis and B. hebetor
ectoparasitoid species venoms [4, 16]. As is evident from the results, ectoparasitoid venoms have higher toxicity
potential than endoparasitoid venoms on mammalian cells.
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The second focus of this study was to investigate whether crude venom from P. turionella has inhibition
potential on the NF-xB immune signaling pathway in L929sA cells stably transfected with a recombinant promoter that
has an NF-kB-responsive element. According to cell viability results, venom from P. turionellae is not toxic at lower
concentrations and shorter incubation periods. Thus, at 5 hours incubation period, 0.32-20 pg/ml venom concentrations
appeared to be nontoxic to cells and these concentrations were used in reporter gene analysis to determine the anti-
inflammatory potential. In previous studies, it was reported that activation of NF-xB transcription factors and mitogen
activated protein kinases (MAPK) pathways are evolutionarily conserved in metazoans [32, 33, 34, 35]. Danneels et al.
[35] also suggested that ectoparasitoid N. vitripennis venom can modulate the NF-kB and MAPK pathways and thus,
suppressing the immune response of the parasitized host Sarcopahaga crassipalpis pupae. Moreover, N. vitripennis
venom at low concentrations (0.4-12.5 pg/ml) significantly decreased the relative luciferase activity in L929sA
fibrosarcoma cells stimulated with TNF (20001U/ml) 6 hours post-exposure and thus, a concentration dependent
venom-mediated suppression was shown in the NF-kB signaling pathway in mammalian cell lines, L929sA and
Raw264.7 macrophages [4]. Similarly, venom from endoparasitoid P. turionellae decreased the normalized luciferase
activity in these L929sA cells stimulated for five hours with two TNF concentrations (1000 and 2000 1U/ml) in this
study. At the same time, increased luciferase activity was recorded at 2000 IU/ml TNF concentration when compared to
1000 IU/ml TNF. However, normalized NF-kB-dependent promoter activities in L929sA cells did not decrease in a
dose-dependent manner at all venom concentrations, in contrast to N. vitripennis venom [4]. In particular, NF-xB
dependent reporter gene activity in 2000 1U/ml TNF-stimulated L929sA cells decreased by approximately 36 % at 10
pg/ml P. turionellae venom concentration compared to control cells. In addition, Saba et al. [16] demonstrated that
crude venom from the ectoparasitoid wasp B. hebetor has anti-inflammatory activity in a dose dependent manner and
suppresses the levels of proinflammatory mediators and cytokines via NF-kB and MAPK pathways in mammals both in
vitro and in vivo. Same authors also suggested that B. hebetor venom can be evaluated as a nonsteroidal agent for the
treatment of inflammatory diseases in the future. Together, the present and previous findings indicate that ectoparasitoid
venom even at low concentrations has remarkable inhibitory effects on the NF-«xB signaling pathway in mammalian
cells as compared to endoparasitoid venom. Keeping this mind, we suggest that these differences between
endoparasitoid and ectoparasitoid venom may be related to a number of protein and polypeptide components. It is well
known that crude venom from parasitoid wasps includes a high amount of toxins and manipulates cell physiology in
diverse ways [25].

In conclusion, our results indicate that venom from P. turionellae has an anti-inflammatory potential on
mammalian cells dependent on concentrations and exposure time. Therefore, further research on screening P.
turionellae venom components responsible for possible anti-inflammatory characteristics with the aim of finding
treatments for several chronic inflammatory diseases and cancer should be carried out to explore its molecular effects
on the NF-kB signaling pathway.
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