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Abstract

Systemic inflammatory response syndrome (SIRS) is recognized to be an exaggerated defense re-
sponse to various stressors, including trauma. CD4+ T-regulatory cells (CD4+ Tregs) are key mediators 
in balancing inflammatory processes. Recent findings demonstrated that platelets and CD4+ Tregs inter-
act after injury and SIRS. Therapeutic strategies to modulate the activation of these and other immune 
cells in SIRS are currently lacking.

Ancrod has immunomodulatory effects on CD4+ Tregs that could be beneficial in the treatment 
of SIRS. Therefore, we studied the impact of ancrod on activation levels of CD4+ Tregs and CD4+ 
non-Tregs, platelets, and antigen-presenting cells (APC) in vitro and in vivo. We tested the in vitro 
effect of ancrod (0-15 IU) and the in vivo effect of 8 IU ancrod vs. saline. After collection of spleens 
and platelet-rich plasma of male C57Bl/6N mice, cells were isolated and incubated with ancrod for  
2 hours. Furthermore, we tested the effect of stimulation. CD4+ Tregs, CD4+ non-Tregs, APC and 
platelet activation were analyzed by flow cytometry. 

Our results demonstrate that ancrod exerts selective effects on different cell populations. Ancrod 
affects the adaptive and innate immune responses. Furthermore, we identified a differential effect of an-
crod on CD4+ Tregs versus CD4+ non-Tregs depending on the mode of cellular stimulation. Addition-
ally, our findings suggest a dose-dependent role of ancrod in the modulation of platelet activation. Our 
findings provide the first evidence supporting the potential of ancrod in selectively modulating immune 
cells, highlighting ancrod as a promising candidate for further investigation.

Key words: SIRS, CD4+ regulatory T cells, platelets, immunomodulation, ancrod, CD4+/CD8+ cells, 
antigen-presenting cells.

(Cent Eur J Immunol 2026; 51)

Introduction
Trauma-induced injury is still the leading cause of death 

for young patients up to the age of 45 years [https://
www.who.int/data/gho/data/themes/mortality-and-glob-
al-health-estimates/ghe-leading-causes-of-death]. These 
trauma-induced injuries possess the potential to lead to 
pro- and anti-inflammatory host responses. The two-hit 
model of injury, first proposed by Moore and Moore in 
1993, describes injury itself as the first hit to the patient and 
surgical interventions or concomitant infections as the sec-
ond hit [1]. The proinflammatory reaction following trauma 
has been determined as the systemic inflammatory response 
syndrome (SIRS), which can facilitate concomitant infec-
tions and lead to potentially fatal sepsis [2]. About 33% 

to 50% of hospital deaths are due to sepsis [3]. Matzinger 
and coworkers developed the ‘danger hypothesis’, which 
implies that after infection or injury, there is an increased 
release of alarm signals called alarmins [4]. These alarmins 
are referred to as either damage-associated molecular pat-
terns (DAMPs) or pathogen-associated molecular patterns 
(PAMPs) [5]. According to this hypothesis, inflammation is 
mediated by pattern recognition receptors (PRRs) on cells 
of the innate and adaptive immune system [6].

Anti-inflammatory reactions are termed compensatory 
anti-inflammatory response syndrome (CARS), which can 
help resolve SIRS and prevent further damage such as mul-
tiple organ dysfunction syndrome (MODS). The adaptive 
immune system has been reported to be the most important 
part of CARS [7, 8]. CD4+ T regulatory cells (CD4+ Tregs) 
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are suppressors of T cell activation [9], which are known 
to play a central role in autoimmune reactivity and disease. 
These suppressive and autoreactive qualities of CD4+ Tregs 
led researchers to the idea of using this cell type as a poten-
tial immunomodulator after trauma and tissue injury [10]. 
The role of CD4+ Tregs in trauma remains controversial. In 
a mouse model of CLP-challenged mice, the adoptive transfer 
of CD4+ Tregs provided protective effects [11]. The hypoth-
esis of immunomodulatory and thus protective CD4+ Tregs 
was strengthened by studies with septic mice and patients  
[12, 13]. In addition, recently it was underlined that CD4+ 
Tregs contribute to a positive outcome after early-phase sep-
sis, but the study does not support a significant role of CD4+ 
Tregs in immune paralysis during late-phase sepsis [14].

We were able to determine the location and kinetics 
of CD4+ Treg activation following injury [15] and showed 
that CD4+ Tregs are activated early following trauma in 
local lymph nodes draining the injury site in a murine model 
of burn injury [16]. The mechanisms of CD4+ Treg activa-
tion following trauma are not fully understood. Previously, 
we postulated a potential role for platelets to be involved 
in the activation of CD4+ Tregs in this setting [16]. Our 
own recent research demonstrated that platelet depletion is 
associated with impaired CD4+ Treg activation following 
trauma-induced injury [16]. Furthermore, thromboelastom-
etry data (ROTEM) suggests reciprocal activation between 
CD4+ Tregs and platelets following trauma [16]. Platelets 
are involved in a wide range of CD4+ Treg interactivity. For 
example, platelets are involved in the regulation of CD4+ 
T effector cell responses via constantly promoting CD4+ 
Treg responses [17]. Furthermore, in an in vitro analysis, 
platelet factor 4 exerted differential effects on CD4+ Tregs 
versus CD4+ non-Tregs [18]. Unfortunately, pharmaceutical 
options are currently lacking to implement immunomodula-
tatory strategies in the setting of SIRS, trauma, and sepsis. 
In particular, strategies to selectively modulate the cellular 
activity of CD4+ Tregs are needed. In a former in vivo exper-
iment of our group, the first indications for a cell-specific ac-
tivating effect of ancrod on CD4+ Tregs were detected [19]. 

Ancrod is a fibrinogen-splitting enzyme (fibrino-
genase) derived from the snake venom of the Malayan pit 
viper (Calloselasma rhodostoma) [20]. As a proteolytic 
enzyme, it cleaves fibrinopeptide A from fibrinogen, but 
not fibrinopeptide B. This leads to abnormal fibrin polym-
erization, hypofibrinogenemia, hypoplasminogenemia, and 
increased levels of fibrin decay products [21, 22]. In addi-
tion, ancrod activates the fibrinolytic system by initiating 
the release of plasminogen activators from the vascular en-
dothelium. However, there is no activation of factor XIII 
or other clotting factors by ancrod. The resulting clot is 
soluble, there is no cross-linking, and it degrades due to 
the progressive digestion of the A alpha chain. The solu-
ble clot is then digested by the reticulo-endothelial system 
[23]. Defibrinogenation leads to a reduction in blood vis-
cosity and improved vascular blood flow [24].

Due to its thrombin-like properties (protease), previous 
in vivo research on ancrod focused on various ischemic 
diseases (stroke, venous thrombosis, myocardial infarction, 
etc.), heparin resistance or contraindication, protamine sul-
fate allergies, and nephrological issues [25-30]. So far, it is 
known that ancrod can be used for vascular diseases and/or 
circulatory disorders. 

Overall, there is currently a lack of pharmaceutical 
strategies to modulate the immune response following 
SIRS, trauma, and sepsis. In particular, the activation 
of CD4+ Tregs, which are considered protective in this 
setting, cannot be modulated. For the first time, this ex-
perimental study systemically investigated the potential 
immunomodulatory effects of ancrod, and analyzed the un-
derlying mechanisms of action. Using murine in vitro and 
in vivo approaches, we established that ancrod exerts selec-
tive effects on different cell (sub-) populations of the adap-
tive and innate immune system.

Furthermore, we observed a differential effect of an-
crod on CD4+ Tregs vs. CD4+ non-Tregs in dependence 
of the mode of cellular stimulation. Additionally, our find-
ings suggest a dose-dependent role of ancrod in the modu-
lation of platelet activation. Our findings provide the first 
evidence underlining the potential of ancrod in selectively 
modulating immune cells, highlighting ancrod as a prom-
ising candidate for further investigation.

Material and methods

Animals

Male C57BL/6N mice (7-14 weeks) from Charles Riv-
er Laboratories (Sulzfeld, Germany) were acclimatized for  
1 week and maintained in the Center for Preclinical Studies 
(ZPF) of Klinikum rechts der Isar, Munich, Germany. Full 
supply (standardized feeding/water, controlled temperature 
and humidity) and a 12-h light/dark regimen were guaranteed 
in the virus antibody-free (VAF) animal facility. This study 
was carried out in strict accordance with the German legis-
lation on protection of animals. Spleen and blood extraction 
after euthanizing the animals was possible without specific 
approval by the Committee on the Ethics of Animal Experi-
ments in accordance with the German Protection of Animals 
Act (§4 Tierschutzgesetz). The protocol for animal experi-
ments (§7 Tierschutzgesetz) was approved by the responsible 
Committee on the Ethics of Animal Experiments of the Tech-
nical University (Regierung von Oberbayern, Munich, Ger-
many, Permit Number: 55.2-2532.Vet_02-20-57). Mice were 
randomized for the in vivo experimental groups (n = 8) ac-
cording to the ARRIVE recommendations [31].

Blood and spleen collection

Mice were euthanized by intraperitoneal injection 
of 400 mg/kg sodium pentobarbital (Narcoren, Boehring-
er Ingelheim, Germany) following isoflurane inhalation  
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(365 ml/min, 3.5%) before the spleens were harvest-
ed. Blood was collected by cardiac puncturing using 
a 14-gauge needle with a syringe containing 3.1% trisodi-
um citrate (blood/citrate ratio 10 : 1).

Rotational thromboelastometry (ROTEM)

Thromboelastometric analysis was performed using 
ROTEM delta (TEM International GmbH, Munich, Ger-
many) for 90 minutes according to the manual. Platelet 
function was analyzed after extrinsic activation of the co-
agulation cascade by recalcification of the citrated blood 
with star-tem reagent. For examination of the extrinsic 
coagulation pathway, the ex-tem reagent was added after-
wards to activate platelets. 

We evaluated the parameters maximum clot firmness 
(MCF), which is the greatest amplitude of the reaction 
curve measured in millimeters (mm), and clot formation 
time (CFT), which is defined as the period from an ampli-
tude of 2 mm to an amplitude of 20 mm.

Reagents, cell preparation, and staining protocols

Cell preparation was conducted in C5 culture medium: 
RPMI 1640 supplemented with MEM, penicillin/strepto-
mycin, L-glutamine 200 mM, HEPES buffer solution 1 M, 
2-mercaptoethanol and 5% FBS from Sigma-Aldrich  
(St. Louis, MO). Harvested spleens were strained in C5 
using stainless steel meshes and sieves with 70 µm pores. 
Blood was centrifuged at 200 × g and 21°C for 10 min-
utes, and platelet-rich plasma (PRP) was collected. PRP 
was then plated out and centrifuged.

The respective cell suspension was plated on 96-well 
plates at 400,000 cells/well (mixed culture) or 160,000 
cells/well (monoculture) and rested in the incubator (37oC, 
5% CO

2
) for 1 hour.

Cell staining was performed in PBS and stopped after 
incubation time with PBA buffer: PBS supplemented with 
albumin (bovine serum) and sodium azide, from Sigma- 
Aldrich (St. Louis, MO). 

Fc-block reagent (purified anti-mouse CD16/32) from 
BioLegend (San Diego, CA) prevented non-specific bind-
ing in the case of non-REA antibodies. A Zombie NIR Fix-
able Viability Kit from BioLegend (San Diego, CA) was 
used to distinguish dead from alive cells.

Surface staining of T cells was conducted with anti- 
CD4 (REA 604), anti-CD44 (REA 664), anti-CD62L (REA 
828), anti-CD69 (REA 938), anti-CD8 (REA 865), anti- 
CD25 (REA 667), anti-CD38 (REA 616), and anti-aMHC 
Class II (REA 528) from Miltenyi Biotec (Bergisch Glad-
bach, Germany). 

Surface staining of antigen-presenting cells was per-
formed with anti-CD45RA (REA 639), anti-CD11b (REA 
592), anti-CD11c (REA 754), anti-CD14 (REA 934), anti- 
CD19 (REA 749), anti-CD40 (REA 965), anti-CD69 (REA 
938), anti-CD86 (REA 1190), and anti-F4/80 (REA 126) 
from Miltenyi Biotec (Bergisch Gladbach, Germany).

To identify FoxP3+ cells, we used anti-FoxP3 from 
Miltenyi Biotec (Bergisch Gladbach, Germany). Primary 
antibodies included anti-ZAP-70 (99F2), anti-p-ZAP-70 
(Tyr 493), anti-PKC-h (P632) and anti-p-PKC-h (Thr 
538), all from Cell Signaling Technology (Danvers, MA). 
Secondary antibody use of Alexa Fluor 555 conjugated 
F(ab)′2 fragment of goat anti-rabbit IgG from Invitrogen 
(Carlsbad, CA) ensured detection. 

For the staining of platelets, we used anti-CD41 (REA 
1194), and anti-CD62P (REA 344), anti-CD63 (REA 563), 
anti-GARP (LRRC32) (REA 139), and anti-CD61 (REA 
1192) from Miltenyi Biotec (Bergisch Gladbach, Germany). 

Flow cytometry

Extracellular phenotyping

Conventional flow cytometry was used for extracellu-
lar phenotyping. CD4+ identification was performed using 
anti-CD4 monoclonal antibodies, and CD8+ identification 
using anti-CD8 monoclonal antibodies. Surface-staining 
antibodies for detection of T cell activation included anti- 
CD44, anti-MHC, anti-CD69, anti-CD25, anti-CD62L, and 
anti-CD38 monoclonal antibodies. Zombie NIR served as 
a viability dye.

Firstly, the single cells were selected from the remain-
ing cell material in the FSC-A/FSC-H diagram. Cell aggre-
gates have a significantly higher fluorescence intensity and 
differ from single cells both in their width (FSC-W) and in 
the area under the signal curve (FSC-A). This special fea-
ture is utilized in single-cell gating to exclude duplicates 
and cell debris.

The subsequent selection of viable cells was facilitat-
ed by using a viability dye (Zombie NIR). The lympho-
cyte population was then distinguished from the other cell 
groups (e.g. monocytes and granulocytes) in the FSC-H/
SSC-H diagram based on their distinct light scattering char-
acteristics. Subsequently, the CD4+ cells were identified 
as PE-Vio770 positive cells, while the CD8+ cells were 
identified as VioBlue positive cells. 

The activity markers CD44, CD62L, CD69, CD25, 
CD38, and aMHC Class II were then determined in these 
CD4+ and CD8+ populations using fluorescence minus one 
(FMO) controls.

The parameters determined for each fluorescent dye 
were MFI (mean fluorescence intensity) and the percent-
age of positive cells.

B cell identification was conducted using anti-CD45RA 
and anti-CD19. Surface-staining antibodies for detection 
of B cell activation included anti-CD86 and anti-CD69. 
Dendritic cell identification was conducted using anti- 
CD45RA, anti-CD11b, and anti-CD14; activation markers 
used were anti-CD86 and anti-CD40. Macrophage iden-
tification markers included anti-CD45RA, anti-CD11c, 
and anti-F4/80; activation markers used were anti-CD86  
and anti-CD40. Zombie NIR served as a viability dye.
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Following washing, cells were fixed with 0.3% PFA, 
washed, and reconstituted in PBS for analysis. 

For platelet staining, thrombocytes were stained us-
ing anti-CD41 and anti-CD61 for identification and anti- 
CD62P, anti-GARP, and anti-CD63 for visualizing plate-
let activity (45 min). The stained platelets were washed, 
fixed with 1% PFA (30 min) and resuspended with PBS 
for analysis. 

Intracellular phenotyping

For intracellular staining after isolation from the spleen, 
cells were dyed with Zombie NIR (20 min). After washing 
with PBA, the fixed cells were permeabilized with ice-cold 
methanol (10 min). Fc block was added. Staining antibod-
ies, anti-CD4, and anti-FoxP3 were added to identify CD4+ 
FoxP3+ Treg cells. Cells were incubated with one of the fol-
lowing rabbit anti-mouse primary antibodies: anti-ZAP-70, 
anti-p-ZAP-70, anti-PKC-h, and anti-p-PKC-h. After wash-
ing, secondary goat anti-rabbit IgG (F(ab)′2 fragment) was 
added (30 min). Negative controls were generated by stain-
ing without the primary antibody. Cells were fixed with 
0.3% PFA, washed, and reconstituted in PBS for analysis. 

Controls

Each staining panel included FMO controls to stan-
dardize gating and to be able to detect unspecific staining. 
Phospho-flow and conventional flow cytometry was con-
ducted using MACSQuant 9 (extracellular, intracellular  
T cell and thrombocytes analysis) or MACSQuant 16 (APC 
analysis) from Miltenyi Biotec (Bergisch Gladbach, Ger-
many). Calibration of the machine was done prior to each 
experiment using Calibration Beads from Miltenyi Biotec 
(Bergisch Gladbach, Germany). Automated multicolor 
compensation with single stained cells was conducted for 
each experiment to avoid fluorescence spillover. Regular 
bleaching and flushing of the instrument were performed to 
ensure that the tubes and flow chamber were clean.

Fluorescence intensity measurements were obtained 
using MACSQuant devices. The percentage of marker-ex-
pressing cells was determined from the gate defined for 
the respective marker using FMO controls. Mean fluores-
cence intensity (MFI) was calculated in the same gates as 
a relative measure of the amount of protein expressed by 
the cells.

Experimental protocols

In vitro experiments

In order to investigate the in vitro effect of different 
ancrod doses on expression of activity markers of CD4+ 
and CD8+ T cells (extra- and intracellular), on antigen-pre-
senting cells (APC), B cells, macrophages, dendritic cells 
(DC), and on platelets, we incubated them with different 

doses of ancrod (0, 1, 5, 10 and 15 IU/ml) for 2 hours 
in the incubator (37°C, 5% CO

2
). To determine whether 

the effect of ancrod is influenced by cell-specific stimu-
lation, we compared activation levels of stimulated and 
unstimulated spleen cells and repeated these experiments 
with isolated cells to evaluate the effect of APC. To clarify 
whether the effect of ancrod on BC is influenced by im-
mune cells other than APC, we compared activation levels 
of isolated and non-isolated BC. Regarding monocultures, 
the isolated spleen cells were separated using the Pan T 
or B Cell Isolation Kit from Miltenyi Biotec (Bergisch 
Gladbach, Germany). Before and after each separation, 
we performed quick stainings with anti-CD4 (T cells) or 
anti-CD45 (APC) antibodies to ensure the purity of the re-
spective cell suspension. 

PRP was also incubated with the same 5 doses of an-
crod for 2 hours prior to staining.

After cell isolation and rest time, ancrod and stimula-
tion reagents were diluted with C5 culture medium to ob-
tain the desired concentrations. Stimulation of T cells was 
conducted using 1 µg/ml purified anti-mouse CD3e from 
BioLegend (San Diego, CA) and 1 mg/ml LPS O26:B6 
from Sigma Aldrich (St. Louis, MO) for antigen-present-
ing cells. Ancrod was provided by Nordmark Pharma 
GmbH (Uetersen, Germany). 100 µl of ancrod solution 
with or without stimulation reagent was added per well 
and kept in the incubator (37oC, 5% CO

2
) for 2 hours. Prior 

to staining, plates were centrifuged at 1,200 rpm, 22oC for 
10 minutes and supernatant was discarded afterwards.

In vivo experiments

Mice (7-14 weeks) were injected intraperitoneally 
with 8 IU/ml ancrod mixed with 0.9% NaCl (total volume  
50 μl) 2, 24, or 48 hours before euthanasia. This dose was 
found to be the most suitable during previous experiments 
(unpublished).

Spleen cells and platelets were plated out after isola-
tion and immediately stained without ancrod incubation.

Statistics

Statistical analysis was performed using Microsoft Ex-
cel 2016 and GraphPad Prism Software (version 9) from 
GraphPad Software, Inc. (La Jolla, CA, USA). Mean val-
ues ± SD or median values with 95% confidence inter-
val (box plots) are given. We used one-way and two-way 
ANOVA (analysis of variance) and Šídák’s multiple com-
parisons test to assess statistical significance. p < 0.05 was 
considered significant.

Graphics

PowerPoint 2016 from Microsoft Corporation was 
used to create the figures and the graphical abstract.
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Results

Different doses of ancrod significantly reduce 
activation of isolated and stimulated spleen-
derived CD4+ cells in vitro and of CD4+ cells  
in vivo (after 24 h)

To investigate the in vitro effect of ancrod on murine 
spleen-derived CD4+ cell activation, we incubated them 
with 5 different doses of ancrod and measured the expres-
sion of cell surface markers CD44, CD62L, and CD69 via 
flow cytometry. To determine whether the effect of ancrod 
is influenced by stimulation, we compared activation levels 
of anti-CD3e stimulated with unstimulated spleen cells and 
repeated these experiments with isolated T cells to evaluate 
the effect of antigen-presenting cells (APC). To determine 
the in vivo effect of ancrod, 8 IU/ml was injected 2, 24, 
or 48 hours prior to euthanasia. This dose was found to 
be the most suitable during previous experiments (unpub-
lished data).

We were pleased to find a cell-specific and dose-de-
pendent impact of ancrod on immune cells. In dependence 
of ancrod, significantly reduced CD44 MFI values of stim-
ulated and monocultured CD4+ cells could be detected 
(Fig. 1D) (0 IU/ml vs. 10 IU/ml ancrod p < 0.05; 0 IU/ml 
vs. 15 IU/ml ancrod p < 0.01). In vivo, a significantly re-
duced CD44 percentage was observed 24 hours after in-
jection of 8 IU/ml ancrod compared to saline (Fig. 1G)  
(p < 0.05).

Regardless of stimulation or monoculture, there was no 
significant effect of ancrod on CD4+ cell activation mark-
ers CD62L or CD69 in vitro and in vivo. However, there 
were nonsignificant tendencies for reduced activation in 
monocultured and stimulated CD4+ cells in vitro (CD69) 
and CD4+ cells in vivo (CD62L). The effect of stimulation 
itself was diminished in the monoculture setting; this ap-
plies in particular to CD44 and CD62L (Fig. 1A, B, D, E).

These findings suggest a potential differential impact 
of ancrod which depends in vitro on stimulation with 
anti-CD3e and absence of APC. The in vivo effect is de-
tectable only 24 h after injection of 8 IU/ml, suggesting 
a slightly delayed onset of drug action combined with 
a short-lasting effect. 

In vitro, activation of isolated and 
stimulated spleen-derived CD8+ cells showed 
a nonsignificant decrease with increasing 
doses of ancrod. Ancrod significantly reduced 
the percentage of CD8/CD44+ 24 hours after 
injection in vivo

To evaluate the in vitro and in vivo effects of ancrod on 
murine spleen derived CD8+ (cytotoxic) cell activation, we 
followed the same approach as for CD4+ cells. 

Rising ancrod doses in vitro were associated with de-
clining expression of CD44 and CD69, but only if CD8+ 
cells had been monocultured and stimulated (Fig. 2D, F; 
MFI). We found a similar reduced effect of anti-CD3ε in 
the monoculture setting, which applied in particular to 
CD44 and CD62L (Fig. 2A, B; % cells). In vivo, we ob-
served a significantly reduced CD44 percentage 24 h after 
injection of 8 IU/ml ancrod compared to saline (Fig. 2G) 
(p < 0.05). No significant effect of 8 IU/ml ancrod on CD8+ 
cell activation markers CD62L and CD69 was observed  
in vivo (Fig. 2G).

This suggests that also for CD8+ cell activation, there 
was a differential impact of ancrod which depended on 
stimulation with anti-CD3ε and absence of APC. In vivo, 
CD8+ cells exhibited the same kinetics of ancrod effect as 
CD4+ cells.

Increasing ancrod levels significantly and dose- 
dependently reduced the activation of spleen-
derived CD4+ Tregs (T) and CD4+ non-Tregs 
(NT) in vitro in absence of anti-CD3+,  
and 8 IU/ml ancrod significantly enhanced 
activation of CD4+ Tregs after 24 hours in vivo

To analyze the in vitro and in vivo effects of ancrod 
on murine spleen-derived CD4+ FoxP3+ Treg and CD4+ 
FoxP3- non-Treg activation, we incubated them with dif-
ferent ancrod doses and with or without the stimulation 
reagent anti-CD3ε prior to staining with the primary anti-
bodies anti-p-ZAP-70 or anti-p-PKC-h and the secondary 
IgG (F(ab)′2 fragment) Alexa. In order to analyze the early 
expression and phosphorylation of primary TCR signaling 
molecules, we used phospho-flow cytometry, as described 
before [15, 16, 19, 32-34]. Following TCR activation, 
the f-associated protein of 70 kDa (ZAP-70) is recruited 
to the TCR/CD3 complex. Protein kinase C-h (PKC-h) is 
part of NF-kB-dependent TCR signaling [35]. PKC-h ac-
tivation is enhanced by CD28-B7 ligation [36], and it plays 
a role in regulating negative feedback within CD4+ Tregs. 
Flow cytometry gating for CD4+ FoxP3+ cells allowed for 
identification of CD4+ Tregs [15] and direct comparison 
of CD4+ Tregs with CD4+ non-Tregs. 

Increasing ancrod levels are associated with a signifi-
cant and dose-dependent reduction of pPKC and pZAP70 
expression (% cells and MFI) of spleen-derived CD4+ Tregs 
and CD4+ non-Tregs in vitro in the absence of anti-CD3e 
(Fig. 3A-F). In the presence of anti-CD3e, this inhibitory 
effect is also noticeable in CD4+ non-Tregs, but it is not 
significant (Fig. 3A-D). Stimulated CD4+ Tregs behave 
similarly, but not as consistently as unstimulated CD4+ 
Tregs. Table 1 gives an overview of respective p values. 
A significant effect of 8 IU/ml ancrod on CD4+ Treg acti-
vation (pPKC and pZAP70) compared to saline injection 
was observed after 24 hours in vivo (p < 0.05). 
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Fig. 1. Ancrod induces significantly reduced CD44 expression in vitro and in vivo after 24 h compared to NaCl = saline. 
No significant effect of different ancrod doses on CD4+ cell activation markers CD62L and CD69 was observed in vitro. 
To evaluate the influence of ancrod on the expression of CD44, CD62L, or CD69 on mouse spleen-derived CD4+ cells, 
we used flow cytometry after 2 hours of incubation in vitro or 2, 24, or 48 hours after injection in vivo. Percentages  
(A-C) and mean fluorescence intensity (MFI) (D-F) of mixed (MiCu) vs. monocultured (MoCu) mouse spleen CD4+ cells 
with and without stimulation (anti-CD3e) and different doses of ancrod (0,1, 5, 10, 15 IU/ml) in vitro and percentages 
of mouse spleen CD4+ cells which were isolated after injection of ancrod (8 IU/ml) in vivo (G). n = 3 each group in vitro, 
2 wells per condition; n = 24 each group in vivo, 3 wells per animal. Data are presented as boxplot (A-G) with median 
and 95% confidence interval
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Fig. 1. Cont. Percentages of mouse spleen CD4+ cells 
which were isolated after injection of ancrod (8 IU/ml) in 
vivo (G). n = 3 each group in vitro, 2 wells per condition; 
n = 24 each group in vivo, 3 wells per animal. Data are 
presented as boxplot (A-G) with median and 95% confi-
dence interval

G

Our results imply that ancrod exerts a differential 
impact for CD4+ Tregs and CD4+ non-Tregs activation, 
meaning that stimulation with anti-CD3e reduces the acti-
vation-inhibiting effect of ancrod in CD4+ Tregs and non-
Tregs in vitro. The fact that the same activation-inhibiting 
effect is not observed and even reversed in vivo suggests 
further factors influencing ancrod that are absent in the  
in vitro setting.

Ancrod significantly enhances activation  
of B cells (BC) and macrophages (M) in vivo,  
but not in vitro

To evaluate the in vitro and in vivo effect of ancrod on 
murine spleen-derived B cell (BC), dendritic cell (DC) and 
macrophage activation, we incubated them with different 
ancrod doses and with or without the stimulation reagent 
LPS prior to staining with CD86 (all), CD40 (DC and 
macrophages), or CD69 (BC), and performed analysis via 
flow cytometry. To determine whether the effect of ancrod 
on BC is influenced by immune cells other than APC, we 
compared activation levels of isolated versus non-isolated 
BC. Increasing ancrod levels do not affect the expression 
of activation markers (% cells and MFI) of spleen-derived 
BC, DC, and macrophages in vitro in the presence and 
Wabsence of LPS (WA-H). This also applies to mixed and 
monocultured BC (Fig. 4A, E). Stimulation effects via LPS 
can be observed best in mixed-cultured BC (Fig. 4B, F). 
Interestingly, 8 IU ancrod in vivo highly significantly en-
hances the expression of the BC activation marker CD69 
(p < 0.0001) and macrophage marker CD40 (p < 0.0001) 
compared to NaCl injections. CD40 expression of DC is 
non-significantly diminished by ancrod.

Our results suggest that the stimulating effect of an-
crod on BC and macrophages, which occurs exclusively in 
vivo, depends on a third player which was not part of our  
in vitro setting. Furthermore, this implies that the differ-
ential in vitro impact of ancrod observed for CD4+, CD8+, 

and (non) Tregs depending on stimulation does not apply 
on antigen-presenting cells.

Ancrod significantly and dose-dependently 
diminishes activation of platelets in vitro  
and significantly enhances activation, prolongs 
clot formation time, and reduces maximal clot 
firmness in vivo

To investigate the in vitro and in vivo effects of ancrod 
on cardiac blood-derived platelet activation, we incubat-
ed them with different ancrod doses prior to staining with 
the markers anti-GARP, anti-CD62P, and anti-CD63 in 
order to analyze cell activation via flow cytometry. 

Increasing ancrod levels significantly and dose-de-
pendently reduced CD62P expression (% cells, 0 vs. 5 IU/ml, 
p < 0.01; 0 vs. 10 and 15 IU/ml, p < 0.0001) of platelets 
in vitro (Fig. 5A). MFI values and anti-GARP and CD63 
expression (% cells and MFI) showed similar trends, but 
were not statistically significant. 

Interestingly, a contrary picture emerges in vivo as 
anti-GARP expression is significantly higher after 2 dos-
es of 8 IU ancrod compared to NaCl (p < 0.0001). CD63 
showed a similar trend, but the effect was not significant. 
CD62P expression is not influenced by 8 IU ancrod in vivo.

Our results indicate that also for platelets, there is a dif-
ferential impact of ancrod which likely is influenced by 
other factors, as in vitro ancrod diminished activation and 
in vivo ancrod had an activating effect.

Discussion

Trauma-induced injury is still the leading cause of death 
for young patients up to the age of 45 years (https://
www.who.int/data/gho/data/themes/mortality-and-glob-
al-health-estimates/ghe-leading-causes-of-death). These 
trauma-induced injuries often lead to pro- and anti-inflam-
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Fig. 2. Activation of isolated and stimulated CD8+ cells tended to decrease with rising ancrod doses in vitro and significant-
ly reduced after 24 hours in vivo. No significant effect of different ancrod doses on CD8+ cell activation markers CD62L and 
CD69 was observed in vivo. To evaluate the influence of ancrod on the expression of CD44, CD62L, or CD69 on mouse 
spleen derived CD8+ cells, we used flow cytometry after 2 hours of incubation in vitro or 2, 24, or 48 hours after injection 
in vivo. Percentages (A-C) and mean fluorescence intensity (MFI) (D-F) of mixed (MiCu) vs. monocultured (MoCu) 
mouse spleen CD8+ cells with and without stimulation (anti-CD3ε) and different doses of ancrod (0, 1, 5, 10, 15 IU/ml) 
in vitro and percentage of mouse spleen CD8+ cells which were isolated after injection of ancrod (8 IU/ml) in vivo (G). 
n = 3 each group in vitro, 2 wells per condition; n = 24 each group in vivo, 3 wells per animal. Data are presented as 
boxplot (A-G) with median and 95% confidence interval
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Fig. 2. Cont. Percentage of mouse spleen CD8+ cells which 
were isolated after injection of ancrod (8 IU/ml) in vivo (G). 
n = 3 each group in vitro, 2 wells per condition; n = 24 
each group in vivo, 3 wells per animal. Data are presented 
as boxplot (A-G) with median and 95% confidence inter-
val

G

matory host responses. The proinflammatory reaction SIRS 
occurs in up to 90% of trauma patients and often leads to 
concomitant infections and potentially fatal sepsis. About 
33% to 50% of hospital deaths are due to sepsis [3].

Unfortunately, pharmaceutical options to perform im-
munomodulatory strategies in the setting of SIRS, trauma, 
and sepsis are currently lacking. In a former in vivo exper-
iment of our group, the first indications for a cell-specif-
ic activating effect of ancrod on the trauma site draining 
lymph node-derived CD4+ Tregs were detected [19]. 

The present study is the first demonstration that an-
crod is capable of selectively acting on different immune 
cell types. In addition, our results demonstrate that ancrod 
differentially affects CD4+ Tregs and CD4+ non-Tregs de-
pending on the mode of cellular stimulation.

Furthermore, our findings suggest that ancrod modu-
lates platelet activation in a dose-dependent manner.

Previous applications of ancrod

Since ancrod was discovered and studied in vitro and 
in vivo, most applications have been focused on cardio-
vascular research areas due to its thrombin-like action. 
Various species-specific dosages were used [25-30]. For 
mice, intraperitoneal injection of 5-6 IU is suitable, given 
18 and 2 hours before sample collection and subsequent 
euthanasia [37]. Injections of 8 IU have also been shown 
to be effective in previous experiments [33]. With regard 
to dosage, attention should be paid to the particular prepa-
ration and storage conditions, as ancrod consistently loses 
activity even when stored at +4°C. To address this fact, 
we measured enzyme activity regularly and the amount 
required for the experiment was adjusted respectively. 
The ancrod used in this study was derived from residual 
material from a human clinical trial and thus meets strict 
pharmacological safety requirements.

The overall question is: Which mechanisms might 
mediate the ancrod effect on immune cells? There is only 
little evidence of immunomodulatory effects of ancrod in 

the literature to date. Hypotheses of previous publications 
on mechanisms of action are mainly based on the effect an-
crod has on fibrinogen and the reticuloendothelial system.

Fibrinolytic system

Plasminogen circulating in the blood is converted into 
the active form by specific serine proteases called plasmino-
gen activators. Specific inhibitors of plasminogen activators 
and plasmin circulating in the blood contribute to the pre-
vention of excessive fibrinolysis and modulation of coag-
ulation [38]. Plasminogen attaches itself to fibrin fibers 
during clotting and is only activated there. Both the soluble 
precursor of fibrin, fibrinogen, and fibrin itself are broken 
down into degradation products by plasmin. The fibrin- 
(ogen) degradation products in turn inhibit fibrin cross-link-
ing. Serine proteases such as plasmin exert irreversible ef-
fects. Plasmin has an autocatalytic effect, i.e. it converts 
other molecules of plasminogen into active plasmin: 
The proenzyme is thus the substrate of the activated enzyme 
[39]. Different degradation products with different structure 
and mass are formed, which inhibit thrombin and thus slow 
down the conversion of fibrinogen into fibrin [38]. 

As ancrod is a proteolytic enzyme that cleaves fibrino-
peptide A from fibrinogen, but not fibrinopeptide B; its 
administration results in abnormal fibrin polymerization, 
hypofibrinogenemia, hypoplasminogenemia, and elevated 
levels of fibrin degradation products [21-23]. In addition, 
ancrod activates the fibrinolytic system by initiating the re-
lease of plasminogen activators from the vascular endo-
thelium [40]. The resulting clot is soluble, no cross-link-
ing occurs, and it degrades due to progressive digestion 
of the A alpha chain. The soluble clot is then digested by 
the reticulo-endothelial system [22, 23].

Early studies of ancrod revealed that rapid defibrino-
genation can lead to an overload of the fibrinolytic and re-
ticulo-endothelial system, which leads to fibrin deposition 
and intravascular thrombosis [41]. Through the formation 
of a mesh-like network, fibrin contributes to injury by re-
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Fig. 3. Increasing ancrod levels significantly and dose-dependently reduced the activation of spleen-derived CD4+ 
Tregs (T) and CD4+ non-Tregs (NT) in vitro in absence of stimulation agent anti-CD3ε, and 8 IU/ml ancrod significant-
ly enhanced activation of CD4+ Tregs after 24 hours in vivo. Percentages (A, C) and mean fluorescence intensity (MFI)  
(B, D) of mixed cultured mouse spleen-derived CD4+ Tregs and CD4+ non-Tregs after incubation with or without stimulation 
(anti-CD3ε) and different doses of ancrod (0, 1, 5, 10, 15 IU/ml) in vitro or MFI of mouse spleen-derived CD4+ Tregs and CD4+ 
non-Tregs which were isolated 2, 24, or 48 hours after injections of ancrod (8 IU/ml) in vivo (G). Phospho-flow cytometry 
was used to assess the intracellular expression and phosphorylation of the signaling molecules pPKC-θ and pZAP70, thereby 
measuring the activation of CD4+ Tregs and CD4+ non-Tregs following ancrod. Exemplary flow plots of in vitro pPKC-θ 
and pZAP70 expression of CD4+ Tregs and CD4+ non-Tregs incubated with 0 or 15 IU/ml ancrod are displayed in E and F.  
n = 2 (+anti-CD3ε) or n = 4 (-anti-CD3ε) in vitro, 2 wells per condition; n = 24 each group in vivo, 3 wells per animal. Data are 
presented as boxplot (A-G) with median and 95% confidence interval. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
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Fig. 3. Cont. Mouse spleen-derived CD4+ Tregs and CD4+ non-Tregs which were isolated 2, 24, or 48 hours after injections 
of ancrod (8 IU/ml) in vivo (G). Data are presented as boxplot (A-G) with median and 95% confidence interval. *p < 0.05

G

Table 1. P values of CD4+ Tregs (T) and CD4+ non-Tregs (NT) incubated with different doses of ancrod in vitro (compare 
Fig. 3); n.s. = non-significant

Comparison p % cells pPKC p MFI pPKC p % cells pZAP70 p MFI pZAP70

T w/o stim. 
0 vs. 15 IU/ml

< 0.05 n.s. < 0.01 < 0.05

T w/o stim. 
0 vs. 10 IU/ml

n.s. n.s. n.s. n.s.

NT w/o stim. 
0 vs. 15 IU/ml

< 0.0001 < 0.05 < 0.0001 < 0.0001

NT w/o stim. 
0 vs. 10 IU/ml

< 0.01 < 0.01 n.s. < 0.05

NT w/o stim. 
0 vs. 5 IU/ml

n.s. n.s. < 0.001 < 0.05

ducing blood flow through capillaries and by recruiting 
inflammatory cells [42]. Lower fibrin levels were proposed 
to be associated with reduced monocytes and macrophage 
infiltration [43]. Toll-like receptor 4 mediates stimulation 
of macrophage chemokine secretion by fibrinogen [44]. 
Additionally, ancrod-generated fibrin induces morpho-
logical changes of endothelial cells [45] and prostacyclin 
synthesis [46]. 

Furthermore, the accumulation of fibrinogen degrada-
tion products (FDPs) as induced by ancrod were shown 
to suppress lymphocyte immune responses in vitro and 
in vivo [47-50] and may be harmful to endothelial cells 
[51] and mesangial cells [52]. This cell damage induces 
increased chemotaxis of monocytes [53], which in turn se-
crete a procoagulant factor [54]. 

These immunomodulating effects do not seem to be 
systemic, as wound healing [55] was not impaired and no 
wound or fracture complications in human patients were 
observed [56].

Antigen-presenting cells

Since ancrod significantly enhances activation of B cells 
and macrophages only in vivo but not in vitro, at least one 
crucial component must be missing in our in vitro setting 
to achieve this activating effect. As the enhanced activation 
does not occur in the mixed culture experiments, which in-
cludes T cells and CD4+ Tregs, they cannot be the decisive 
component. Considering the previous findings mentioned in 
the literature, vascular endothelial cells and/or FDP present 
in vivo could contribute to the effect of ancrod on APC by in-
duction of fibrin(ogen) formation [41], stimulation of plas-
minogen activation [40] and/or prostacyclin synthesis [46]. 
In addition, platelets could also play an important role in this 
context as they were also missing in vitro. This would be 
plausible as degradation products and platelets can only be 
present in sufficient amounts in vivo. In a direct co-culture 
experiment with platelets and lymphocytes, which were ex-
posed to ancrod, we could observe that the inhibiting effect 
of ancrod on platelets is only present with mixed-cultured 
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Fig. 4. Ancrod significantly enhances activation of B cells (BC) and macrophages (M) in vivo, but not in vitro. Percent-
ages (B-D) and mean fluorescence intensity (MFI) (F-H) of mixed-cultured (MiCu) mouse spleen-derived B cells (BC), 
dendritic cells (DC) and macrophages or monocultured (MoCu) BC (A + E) after incubation with or without stimulation 
(LPS) and different doses of ancrod (0, 1, 5, 10, 15 IU/ml) in vitro or MFI of mouse spleen-derived antigen-presenting 
cells (I). Marker expression was assessed via flow cytometry after 2 hours of incubation in vitro or 2 hours after second 
injection (8 IU/ml) in vivo. Exemplary flow plots of in vivo BC and macrophages data are displayed in J. n = 3 each group 
in vitro, 2 wells per condition (MiCu) and 1 well per condition (MoCu); n = 24 each group in vivo, 3 wells per animal. 
Data are presented as mean with standard deviation. *p < 0.05, ****p < 0.0001
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in vivo BC and macrophages data are displayed in J. n = 3 each group in vitro, 2 wells per condition (MiCu) and 1 well 
per condition (MoCu); n = 24 each group in vivo, 3 wells per animal. Data are presented as mean with standard deviation. 
*p < 0.05, ****p < 0.0001

lymphocytes which suggests that mono-cultured T-cells or 
B-cells somehow might interact differently with ancrod and/
or platelets compared to co-culture where even an interaction 
between the two cell types may be possible (unpublished).

CD4+ and CD8+ T cells, CD4+ Tregs  
and non-Tregs

CD4+ and CD8+ T cells, as well as CD4+ Tregs/non-
Tregs, exhibit contrasting responses after exposure to an-
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of ancrod (8 IU/ml) in vivo (D). Cells were assessed via flow cytometry after 2 hours of incubation in vitro or 2 hours 
after the last injection in vivo. Exemplary flow plots of in vitro platelet data are displayed in C, in vivo platelet data in E.  
n = 3 each group in vitro, 3 wells per condition; n = 24 each group in vivo, 3 wells per animal. Data are presented as bx-
plot with median and 95% confidence interval (A, B) or mean ± standard deviation (D, F). ROTEM data of mouse cardiac 
blood-derived platelets 2, 24, or 48 hours after injection of 8 IU/ml ancrod compared to saline (NaCl) are displayed in 
F) Clot formation time (CFT) and maximal clot firmness (MCF) of extrinsic coagulation pathway (extem). **p < 0.01, 
***p < 0.001, ****p < 0.0001
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Fig. 5. Cont. Exemplary flow plots of in vitro platelet data are displayed in C, in vivo platelet data in E. n = 3 each group  
in vitro, 3 wells per condition; n = 24 each group in vivo, 3 wells per animal. Data are presented or mean ± standard devi-
ation (D, F). ROTEM data of mouse cardiac blood-derived platelets 2, 24, or 48 hours after injection of 8 IU/ml ancrod 
compared to saline (NaCl) are displayed in F) Clot formation time (CFT) and maximal clot firmness (MCF) of extrinsic 
coagulation pathway (extem). **p < 0.01, ***p < 0.001, ****p < 0.0001

crod. The activation-inhibiting effect was observed only 
for CD44 in the in vitro monoculture setting and in vivo 
after 24 hours. This observation makes the involvement 
of fibrin(ogen) and fibrin degradation products in the an-
crod effect on T cells very unlikely, as no blood or plasma 
component was present in the in vitro setting. In the pres-
ence of APC (mixed culture), the effect was attenuated.

One possibility could be the involvement of PAR (pro-
tease-activated receptor) 4, one of two main receptors for 
thrombin [57, 58]. Ancrod is a thrombin-like enzyme, and 
both T cells and Tregs express PAR4 [59]. T cell recruit-
ment is reduced with PAR4 inhibition [60].

In addition, a recent publication suggested that PAR4 
signaling inhibits Treg function [61]. This could be con-
firmed by our group, as PAR4 activation prevented 
the posttraumatic activation of CD4+ Tregs in the local 
draining lymph nodes [19].

We therefore hypothesize an ancrod-induced PAR4 
signaling effect on CD4+ and CD8+ T cells and CD4+ 
Tregs/non-Tregs, leading to diminished activation levels 
of these cells. 

To determine why only CD44 shows a significant 
change after ancrod, one must differentiate between early 

and late activation markers. CD44 and CD69 are both ear-
ly lymphocyte activation markers. We were surprised to 
observe that only CD44 responded significantly to ancrod. 

CD44 is an important activation marker which plays 
a role in enhancing early T cell receptor signaling. After 
antigen encounter, T cells rapidly up-regulate CD44, and 
its expression is also maintained in memory T cells [62]. 
CD69 is a cell surface protein which is rapidly upregulat-
ed after lymphocyte activation and expressed on activated  
T cells, B cells, and NK cells, but not on resting lym-
phocytes [63]. On the other hand, CD62L (L-selectin) is 
considered a late activation marker and a key regulator 
of T cell trafficking as it acts as a homing receptor for 
lymphocytes to enter secondary lymphoid tissues [64]. 
Since the measurement was made after only a two-hour 
incubation with ancrod, the effects on the early activation 
markers CD44 (significant) and CD69 (nonsignificant) ap-
pear plausible to us. Differences between CD44 and CD69 
could be based on the different expression patterns (exis-
tent on resting cells vs. non-existent).

But why is the in vivo effect of ancrod on CD4+ and 
CD8+ T cells and CD4+ Tregs/non-Tregs inverse? For 
CD4+ and CD8+ T cells and CD4+ Tregs, the stimulation 
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reagent anti-CD3e influenced the impact of ancrod. For 
CD4+ and CD8+ T cells, the effect was more pronounced 
in the presence of stimulation, whereas for CD4+ Tregs 
and non-Tregs it was exactly reversed. This observation 
may be due to the fact that the activation of T cells leads to 
a pro-inflammatory response [65] and the activation of im-
munosuppressive CD4+ Tregs to an anti-inflammatory re-
sponse [9], making the two cell types antagonists that are 
regulated via feedback mechanisms. 

Ancrod has an overall inhibitory effect on CD4+ and 
CD8+ T cells; i.e. the actual effect of anti-CD3e is reversed 
by ancrod, so it tends to lead to an anti-inflammatory reac-
tion. With CD4+ Tregs, on the other hand, a proinflamma-
tory effect is achieved by inhibiting the immunosuppres-
sive CD4+ Tregs.

Another interesting observation is the different ef-
fect on the activation of spleen and lymph node-derived 
CD4+ Tregs 2 hours after ancrod. For spleen-derived CD4+ 
Tregs, no significant effect of ancrod was observed after  
2 hours in our in vivo experiment, which is in line with pre-
vious findings of our group [19]. In contrast, basic CD4+ 
Treg activity within draining lymph nodes was elevated af-
ter application of 8 IU of ancrod [19]. As suggested before, 
these results point more to a local than a systematic effect, 
in which the interaction between CD4+ Tregs and platelets 
via PAR4 may play a significant role. 

Platelets

To ascertain why ancrod acts differently in vitro and in 
vivo on platelets, one must differentiate between the role 
of platelets in hemostasis and immunomodulation. Plate-
lets release pro-inflammatory cytokines to communicate 
with the innate and the adaptive immune system [66] and 
directly modulate immune cell functions [67, 68]. 

There is some evidence in the literature concerning 
the effect of ancrod on platelets. Again, fibrin degrada-
tion products are reported to have an inhibitory impact on 
platelet function [69, 70]. Moreover, platelet aggregation 
requires fibrinogen [71], which binds to the GPIIb/IIIa 
complex of the platelet membrane [72]. Therefore, deplet-
ing fibrinogen may interfere with the formation of platelet 
thrombus (white clot) [25].

Also, PAR4 is expressed on mice platelets and is acti-
vated by high levels of proinflammatory thrombin, as well 
as through interaction with PAR3 at low levels [58, 73, 
74], suggesting an immunomodulating role of activated 
platelets [19]. As an important player in immunothrom-
botic inflammatory interactions [60, 75], PAR4 regulates 
thrombin-dependent recruitment of pro-inflammatory leu-
kocytes to the surface of platelets on thrombi via P-selec-
tin (CD62P) [76]. The latest results of our group implied 
a platelet-dependent mechanism, as the activation of CD4+ 
Tregs increases when PAR4 is blocked in the presence 
of platelet-rich plasma [19]. 

Our in vitro and in vivo settings cannot be compared 
as, for example, molecules originating during ancrod-in-
duced fibrinolysis are reported to be immunomodulating 
in vivo. Furthermore, in vitro endothelial cells, which play 
a crucial role in the function of CD62P and the coagulation 
cascade, are lacking. 

Ancrod does not activate coagulation in vivo (no effect 
on coagulation-activating CD62P within 2-48 hours after 
injection), as shown by ROTEM (coagulation even inhibited 
for the first hours after ancrod). However, apparently ancrod 
induces indirect modulation of CD4+ Treg homeostasis and 
suppression function via increasing expression of GARP. 
The observed nonsignificant increase in CD63 expression, 
which occurred after platelet granule release, also suggests 
a specific immunomodulatory effect that does not affect co-
agulation. Such an increase in immunosuppression by Tregs 
could potentially be exploited in the therapy of exaggerated 
immune responses, such as those seen in SIRS.

This study showed that ancrod significantly and 
dose-dependently diminished activation (CD62P) of plate-
lets in vitro and significantly enhanced activation (GARP) 
in vivo. Again, this suggests one or more components that 
are missing in vitro and present in vivo. 

Since the plasma was discarded before addition of an-
crod in vitro, it is unlikely that fibrin(ogen) or FDPs trig-
ger the activation-inhibiting effect, even though this would 
be consistent with the existing literature [69, 70]. In vivo, 
these FDPs could be of importance.

Therefore, PAR4 involvement mediating platelet-leu-
kocyte communication is more likely. Since any leuko-
cyte and endothelial cell component that is present in vivo 
is absent in vitro, these cells could be the crucial factor 
causing the opposing observations. We observed that an-
crod induced decreased CD62P expression in vitro, where-
as in vivo no difference from saline (NaCl) control was 
observed. In this case, ancrod does not seem to act like 
thrombin, which upregulates CD62P expression via PAR4 
for leukocyte recruitment [76]. Since CD62P is crucial for 
signaling of the CD4+ Treg-platelet interaction [16, 34] and 
effective CD4+ Treg development and suppressive function 
on CD4+ non-Treg proliferation [77], CD4+ Tregs could be 
the missing link in the in vitro setup. 

Furthermore, glycoprotein-A repetition predominant 
(GARP) is constitutively expressed on activated platelets 
and Tregs [78], so platelet activation was induced by rising 
ancrod doses in our in vivo setting. GARP is necessary for 
platelet TGF-β release, which is crucial to suppress CD4+ 
and CD8+ T cells. Furthermore, platelet GARP activates 
the secretion of latent TGF-β1 by other cells [79]. For 
example, Tregs release TGF-β, and their GARP expres-
sion is essential for homeostasis and immunosuppression 
of Tregs [80, 81]. This also suggests an important role for 
CD4+ Tregs in the action of ancrod on immune cells and 
opens the possibility that the effect on CD4+ and CD8+ 
cells could be indirectly mediated by enhanced ancrod-in-
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duced CD4+ Treg suppression. Future experiments analyz-
ing GARP expression following ancrod exposure would be 
interesting to elucidate this potential mechanism.

Limitations
For this study, leukocytes from the spleen and not from 

lymph nodes were used, as only a significantly smaller 
number of cells could have been obtained with these than 
with spleens (1 × 106 vs. 1 × 108). Thus, in line with the 3Rs 
principle (replace, reduce, refine), significantly fewer ani-
mals were needed. The same principle explains the relative-
ly small n for the in vitro experiments. Cells used in these 
experiments were of murine origin, which raises the old 
question of transferability to human physiology and pathol-
ogy. Since this study represents an initial screening, it was 
not justifiable for ethical reasons to conduct experiments 
directly on humans, especially for the in vivo experiments. 
Furthermore, it is very likely that the studies mentioned 
used the identical ancrod as our group, so the comparabil-
ity of results is probably compromised to some extent. In 

particular, the progress in laboratory technology that has 
taken place since the 1960s must be taken into account here.

Conclusions
Overall, the results of the present study imply cell-spe-

cific immunomodulatory effects of ancrod on different im-
mune cells such as CD4+, CD8+ T cells, CD4+ Tregs and 
non-Tregs, APCs, and platelets, which could be mediated 
by a complex multifactorial mechanism. 

We postulate and discuss different underlying mecha-
nisms potentially associated with the described cell-specif-
ic immunomodulatory effects of ancrod. Firstly, molecules 
originating during ancrod-induced fibrinolysis are reported 
to be immunomodulating. Secondly, platelets and vascular 
endothelial cells, which are also modulated by fibrinolysis 
byproducts, do have an influence on this process them-
selves and could represent a key component as they were 
not included in our in vitro setting. Thirdly, we postulate 
and discuss PAR4 as an important receptor involved in 
ancrod signaling, since it is known to be expressed on all 

Fig. 6. Schematic summary. Scheme of potential effect mechanism of ancrod mediated by fibrin, fibrinogen and fibrin 
degradation products (FDP), protease-activated receptor (PAR) 4, and vascular endothelium. Ancrod induces elevated 
levels of fibrin degradation products and activates the fibrinolytic system by initiating the release of plasminogen activa-
tors from the vascular endothelium. Via PAR4, additional immunomodulating effects on CD4+, CD8+ T cells, CD4+ Tregs 
and non-Tregs, antigen-presenting cells (APC), and platelets could be conveyed. The figure contains adapted graphics 
from Les Laboratoirs Servier – Medical Art under the terms of the Creative Commons Attribution License (CC BY) for 
non-commercial use. The use, distribution, or reproduction in other forums is permitted: https://creativecommons.org/
licenses/by/3.0/legalcode, last accessed March 4, 2022
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of our investigated cells and exhibits immunomodulatory 
effects. The postulated underlying mechanisms associat-
ed with cell-specific immunomodulatory effects of an-
crod need further studies. Results and potential postulated 
mechanisms are summarized in Figure 6.

These findings emphasize the potential of ancrod in 
selectively modulating immune cells, making it a suitable 
candidate for further investigation and potential therapeutic 
applications.
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