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Abstract 

A comprehensive analysis of T cell activation markers in chicken is lacking. Kinetics of T cell 

activation markers (CD25, CD28, CD5, MHC-II, CD44 and CD45) in response to in vitro 

stimulation of peripheral blood mononuclear cells with concanavalin A (Con A) were evaluated 

between two chicken lines selected for high and low levels of mannose-binding lectin in serum 

(L10H and L10L, respectively) by flow cytometry. L10H chickens showed a stronger response 
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to Con A based on the frequency of T cell blasts in both the CD4+ and CD8+ compartment. The 

majority of the proliferating CD4+ and CD8+ T cells expressed CD25. Proliferating T cells were 

seen both in the CD4+MHC-II+/- and CD8+MHC-II+/- population. For both CD4+ and CD8+ T 

cells, frequencies of CD25+ and MHC-II+ T cells were increased 24 hours after stimulation. 

CD28+ frequencies were only increased on CD8+ T cells 48 hours after stimulation. Increase in 

the relative surface expression based on mean fluorescence intensity (MFI) upon activation was 

observed for the most markers except CD5. For CD4+ T cells, CD28 expression increased 24 

hours after stimulation whereas MHC-II expression increased after 48 hours. For CD8+ T cells, a 

tendency towards increase in CD25 expression was observed. CD28 expression started to 

increase 24 hours after stimulation and only a transient peak in MHC-II expression on CD8+ T 

cells was observed after 24 hours. CD44 and CD45 expressed on CD4+ and CD8+ T cells 

increased 24-72 hours after stimulation. In summary, frequency of CD25+ and MHC-II+ T cells 

were shown to be early markers (24 hours) for in vitro activation of both CD4+ and CD8+ T 

cells. Frequency of CD28+ T cells was a later marker (48 hours) and only for CD8+ T cells. 

Surface expression of all markers (MFI) increased permanently or transiently upon activation 

except for CD5. 
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Introduction  

T cell activation is a key event in the adaptive immune response for initiation and regulation of 

responses to infection, vaccination, or self-antigen. Therefore, monitoring the development of 

such responses is crucial in many aspects of immunological research in order to understand e.g. 

protective immunity in infectious diseases. In vitro peripheral blood mononuclear cell (PBMC) 

activation and proliferation in short-term culture after stimulation with mitogen or specific 

antigen have traditionally been used as measures of cellular immunity. To detect proliferation 

upon stimulation of cultured cells, 3H-thymidine incorporation into DNA was earlier widely 

used, but flow cytometry is preferable if also phenotype or function of the proliferating cells are 

of interest. Numerous techniques are available to study specificity and magnitude of T cell 

responses in human immunology 1–7. A number of assays have also been established for 

assessment of chicken T cell responses 8–11, and proliferation12,13, but few reports exist on 

expression kinetics of T cell activation markers in this species.  



On their surface, activated proliferating mammalian lymphocytes express several molecules that 

are expressed to a lesser extent or even absent on resting cells. The activation markers include 

chemokine receptors, adhesion molecules, receptor proteins, co-stimulatory molecules and MHC 

antigens (reviewed in 14). A number of the molecules have well-established functions in T cell 

biology whereas the function of others is less well described. The most used method to evaluate 

phenotypic markers of T cell activation is flow cytometry. Stimulation may lead to marker 

upregulation at various stages of mammalian cellular activation. Examples from human T-cells 

include up-regulated surface expression of CD69 (very early), CD71 (early), CD25 (late), and 

human major histocompatibility complex class II (MHC-II) (very late) 15. In vitro, T cell 

activation studies are widely used in assessment of immunocompetence. However, differences 

exist between CD4+ and CD8+ T cell subsets and impact of  cell isolation protocols, sample 

storage, and mitogen selection have been shown. 16,17.  

The aim of this study was to evaluate applicability of chicken homologues to well-known 

mammalian markers: CD25 17,18; CD28 19 CD5 20, 21; MHC II 22;  CD44 23,24; and CD45 25, 26, in 

assessment of chicken T cell activation in response to concanavalin A (Con A) stimulation.  

Con A is a polyclonal T cell mitogen that is commonly used in in vitro studies of mammalian T 

cell activation 27. Binding of Con A to the TCR complex triggers T cell activation but other 

biological actions have also been described in mammals e.g. induction of programmed cell death 

in fibroblasts via mitochondria mediated apoptosis and autophagy 28. Species differences occur 

and Con A is known to stimulate different T cell subsets in mice and humans 29. In chicken T cell 

activation research, Con A is also commonly used 13,30,31. 

We therefore chose this stimulus in order to ascertain T-cell proliferative responses and 

activation in the tested cultures. To evaluate if bird-related differences in marker expression 

could be distinguished with the methodology employed we used PBMC from inbred chicken 

lines selectively bred for high (L10H) or low (L10L) levels of the serum mannose-binding lectin 

(MBL) 32, 33,  for which we have previously noted line differences in proliferative responses to 

Con A (unpublished observation).  

Material and Methods 

Animals and blood sampling 

Adult chickens (56-62 weeks of age) from two AU inbred lines L10H and L10L selected for low 

(L10L) versus high (L10H) serum concentrations of MBL were used in the study (n=3 from each 



line) [30],  33. Chickens from L10H and L10L consist of 66.5% UM-B19 and 33.5% White 

Cornish 34. Blood samples were obtained from the jugular vein and collected into Vacuette® 

tubes coated with 18 IU/mL Sodium Heparin (Greiner Bio-One, cat. no.  454030). 

The experimental procedures were conducted under the protocols approved by the Danish 

Animal Experiments Inspectorate and complied with the Danish Ministry of Justice Law no. 382 

(June 10, 1987) and Acts 739 (December 6, 1988) and 333 (May 19, 1990) concerning animal 

experimentation and care of experimental animals. License to conduct the animal experiment 

was obtained by Ricarda Engberg, Aarhus University (license no. 2017-15-0201-01211). The 

experiment was conducted according to the ethical guidelines. 

 

Mitogen stimulation of PBMC 

PBMCs were purified from heparinized blood by Ficoll (Ficoll-PaqueTM PLUS cat. no. 17-

1440-02) density gradient centrifugation as previously described 35. The concentration of PBMCs 

was adjusted to 1 × 107 cells/mL and cultured in 3 mL RPMI 1640 w/o phenol red (Lonza, cat. 

no. BE12-702F/U1) supplemented with penicillin (100 U/mL), streptomycin (100 μg/mL 

(PenStrep Gibco, cat. no. 15140-122), 50 μM β-mercaptoethanol (Promega, cat. no. Z523A) and 

5% heat-inactivated Fetal Calf Serum (FCS, GibcoTM Fetal Bovine serum, cat. no. 10082147) in 

15 mL falcon tubes with leaving the tube's cap (screw cap) loosened at 41 °C, 5% CO2. PBMCs 

were stimulated with 5 µg/mL Con A (Sigma-Aldrich Merck, cat. no. C5275) and incubated for 

0-4 days at 41 °C, 5% CO2. In parallel, non-stimulated PBMCs were included as control. At days 

0, 1, 2, 3, and 4 after stimulation, 100 μL of the PBMCs suspension from each 15 mL tube were 

stained and analyzed by flow cytometry as described below. Aliquots were analyzed from the 

same mother tube in order to minimize variation. The concentration of Con A was chosen based 

on an initial titration study of four different Con A batches in which 5 µg/mL was found to be an 

optimal concentration to avoid extensive cell death during four days of incubation (data not 

shown). In the current experiment, viability was 98% at day 0, whereas on day 4 it was in 

average 86% and 67% for the medium controls and the Con A stimulated samples, respectively 

(data not shown). 

 

Flow cytometric analysis 



Six panels were designed for cell surface staining of chicken leucocytes populations (Table 1). 

Propidium iodide (PI) dye (Invitrogen/molecular probes, Eugene, cat. no. P3566) was 

furthermore included for dead cell exclusion in all panels. The analysis targeted T helper cells 

(CD4+ T cells) and cytotoxic T cells (CD8+ T cells). Chicken CD8+ T cells were stained using an 

anti-CD8α antibody. This antibody does not exclusively target chicken cytotoxic T cells in 

peripheral blood. A small proportion of TCRγδ+ T cells do also express CD8α. All animals were 

tested at day 0 for the frequency of CD8α+ T cells expressing the γδ TCR (Suppl. Table 1). In 

total 1×106 PBMCs from each sample were used per well in 96-well plates for surface marker 

staining. Staining was done for 15 min. at room temperature followed by 2× wash in 200 μL 

FACS buffer ( 0.2% bovine serum albumin [ThermoFischer], 0.2% sodium azide [Sigma-

Aldrich, cat. no. S8032-100G] and 0.05% normal horse serum [Horse serum heat inactivated 

Gibco cat. no. 26050-070] in PBS [BioWhittaker® PBS without calcium and magnesium, Lonza, 

cat. no. 17-516F]) before flow cytometry acquisition. Titration of all antibodies was carried out 

prior to the experiment in order to determine the optimal staining concentrations. Flow cytometry 

were conducted on a BD FACSCanto™ flow cytometer equipped with 488, and 640 nm lasers, 

and analyses of acquired samples were performed in the FACSDiva software. Each sample was 

acquired for 40 sec. at high flow rate. For all panels, background fluorescence in each 

fluorescence channel was determined to correct gating by including negative fluorescence minus 

one (FMO) controls.  

 

Statistical analysis 

Data are presented as boxplots showing individual values of biological replicates (n = 3). 

Kruskal–Wallis one-way analysis of variance was employed on non-normal distributed data to 

identify variance in frequency of leukocyte subsets and MFI of surface markers as a response to 

a stimulation effect. Data were analyzed in R and visualized using the ggplot2 package for R 

(Wickham, 2009). The level of significance was set at α = 0.05.  

 

Results 

Blast transformation of T cells  

To evaluate the effects of Con A stimulation on surface expression of CD25, CD28, CD5, MHC-

II, CD44, and CD45 on T cell subsets in peripheral blood from L10H and L10L chickens, Con 



A-stimulated and non-stimulated PBMCs were harvested periodically (days 0, 1, 2, 3, and 4) for 

flow cytometric analysis.  

Blast transformation of responding T cells was assessed using the gating strategy shown in Fig. 

1. To evaluate chicken line-related differences in marker expression, average frequencies of 

lymphoblasts in surface marker positive/negative populations was reported (Fig. 2). In general, 

L10H showed highest frequencies of lymphoblasts upon Con A stimulation. For both L10H and 

L10L responding chickens, all lymphoblasts were CD28+ and CD5+ within both the CD4+ and 

the CD8+ population except for a few CD8+CD5- lymphoblasts. In L10H, CD25+CD4+ and 

CD25+CD8+ lymphoblasts were more abundant than CD25 negative lymphoblasts. For both 

lines, most blasting CD4+ cells were MHC-II+ but MHC-II- blasting cells were also detected 

especially in L10H. Interestingly, for CD8+ lymphoblasts the majority were MHC-II- especially 

in L10H. In conclusion, at least some of the blasting cells in all samples expressed the four 

chosen activation markers in addition to CD44 and CD45 (data not shown). 

 

Frequency of T cells with activation marker expression  

The average frequencies of the total population for CD4+ and CD8+ T cells (resting and blasting) 

expressing CD25, CD28, CD5, and MHC-II were evaluated across time to address chicken line-

related differences in marker expression (Fig. 3) in order to establish the value of the individual 

potential activation markers. Significant increases in the frequency of CD25+ and MHC-II+ T 

cells within the CD4+ (Fig. 3 A, and D) and CD8+ population (Fig. 3 E, and H) were observed in 

L10H but not in L10L. No significant differences in the frequency of CD28+ T cells within the 

CD4+ (Fig. 3 B) or the CD8+ (Fig. 3 F) population were detected between Con A-stimulated 

PBMCs and non-stimulated PBMCs in L10L. Additionally, a reduced frequency of CD5+ T cells 

was observed both within the CD4+ and CD8+ population upon Con A stimulation in L10H (Fig. 

3 C, and G). Data from individual days for the high-responding line L10H is shown in suppl. Fig. 

2A and B. 

 

Relative surface expression of activation markers  

The average relative surface expression (MFI) of T cell activation markers across time upon 

activation with Con A were recorded to evaluate line-related differences in marker expression 

(Fig. 4). Compared to non-stimulated PBMCs, Con A-stimulated PBMCs exhibited significantly 



higher surface expression of CD25,  CD28, and MHC-II on CD4+ T cells compared to non-

stimulated PBMCs (Figs. 4 A, B, and D), irrespective of chicken line with an exception of CD28 

in L10L. Con A was shown to increase the relative surface expression of CD28 on CD8+ T cells 

from L10H and L10L but had no influence on the relative surface expression of CD25 or MHC-

II on CD8+ T cells (Fig. 4 F, E, and H). No significant effect of Con A stimulation was observed 

on relative surface expression of CD5 by CD4+ or CD8+ T cells (Fig. 4 C, and G) in any of the 

chicken lines with the exception of a downregulation of surface expression of CD5 on CD8+ T 

cells from L10H.  

All T cells exhibited surface expression of CD44 and CD45 (Suppl. Fig. 3A, and B) and the 

averages of the relative surface expression of these two markers throughout the experiment are 

shown in Fig. 5. In L10H chickens, the relative surface expression of CD44 and CD45 increased 

upon Con A stimulation in both CD4+ and CD8+ T cells (Fig. 5 A, B, C, and D). The same 

tendency was observed for L10L chickens. However, the increase was only significant for 

surface expression of CD44 on CD8+ T cells (Fig. 5 C). Data for the high-responding line L10H 

from individual days is shown in supplementary Fig. 2 C and D (markers CD25, CD28, CD5, 

and MHC-II) and supplementary Fig. 3 C and D (markers CD44 and CD45). 

 

Kinetics of T cells activation marker expression 

In vitro kinetics of the T cell activation marker expressions between Con A stimulated and non-

stimulated PBMCs in high responding L10H chickens  is shown in Fig. 6. The frequency of 

CD25+ T cells within the CD4+ and CD8+ population increased rapidly upon Con A stimulation 

(Fig. 6A, and B) and frequencies of CD25+ T cells in Con A-stimulated PBMCs were 

significantly higher than non-stimulated PBMCs at day 1, 2, 3, and 4 (Suppl. Fig. 2A, and B). 

Con A induced an increase in relative surface expression of CD25 on CD4+ T cells but not on 

CD8+ T cells (Fig. 6 C, and D) and frequencies in Con A-stimulated PBMCs were significantly 

higher than non-stimulated PBMCs at days 2, 3, and 4 (Suppl. Fig. 2C, and D). All CD4+ T cells 

exhibited expression of CD28 on both Con A-stimulated and non-stimulated PBMCs (Fig. 6A, 

and Suppl. Fig. 1A). Not all CD8+ T cells expressed CD28 and Con A stimulation increased their 

frequency (Fig. 6B). Con A-stimulated PBMCs values for expression of CD28 were significantly 

higher than non-stimulated PBMCs on days 2and 3 (Suppl. Fig. 2B). In addition, increases in the 

relative surface expression of CD28 on both CD4+CD28+ and CD8+CD28+ T cells were observed 



upon Con A stimulation (Fig. 6C, and D). The frequencies of CD4+CD28+ T cells from Con A-

stimulated PBMCs were significantly higher than frequencies of CD4+CD28+ T cells from non-

stimulated PBMCs on days 1, 2, 3, and 4 and for CD8+CD28+ cells on days 1, 2, and 3 (Suppl. 

Fig 2C, and D). 

All CD4+ T cells exhibited surface expression of CD5, and Con A stimulation did not change the 

frequency of CD4+CD5+ T cells (Fig. 6A). Not all CD8+ T cells exhibited surface expression of 

CD5, and Con A induced a small decrease in the frequency CD8+ CD5+ T cells one day after 

Con A stimulation (Fig. 6B and Suppl. Fig. 2B). Con A stimulation induced no changes in the 

relative surface expression of CD5 on either CD4+ or CD8+ T cells with an expectation on day 4, 

where a downregulation of  CD5 on both CD4+ and CD8+ were observed after Con A stimulation  

(Fig. 6C, and D; Suppl. Fig. 2C, and D). 

Surface expression of MHC-II was nearly absent on resting T cells and Con A induced surface 

expression of MHC-II in less than 25 % of the CD4+ and CD8+ T cells (Fig. 6A and B). MHC-II 

frequencies were significantly higher in Con A-stimulated PBMCs than in non-stimulated 

PBMCs at days 1, 2, 3, and 4 (Fig. 6A, and B and Suppl. Fig. 2A, and B). A significant increase 

in the relative surface expression of MHC-II on CD4+ T cells was observed at day 1 and 2 upon 

Con A stimulation (Fig. 6C, Suppl. Fig. 2C). Only a transient peak in relative surface expression 

of MHC-II expression on CD8+ T cells was observed at day 1 after Con A stimulation (Fig. 6D 

and Suppl. Fig. 2D). 

All T cells exhibited surface expression of CD44 and CD45 throughout the experiment and no 

changes in the frequencies of CD44 and CD45 were observed upon Con A stimulation compared 

to non-stimulated PBMCs (Fig. 6, Suppl. Fig. 3A, and B). However, the relative surface 

expression of CD44 on both CD4+ and CD8+ T cells was increased 1, 2, 3, and 4 days after Con 

A stimulation (Fig. 6G, and H; Suppl. Fig. 3C, and D). The relative surface expression of CD45 

on CD4+ T cells was increased at days 3 and 4 after Con A stimulation and on CD8+ T cells at 

days 2, 3, and 4 after Con A stimulation (Fig. 6G, and H; Suppl. Fig. 3C, and D). 

All analyses were performed on the entire population of CD4+ T cells. However, the 35-49 % of 

the CD4+ T cells from L10H chickens co-expressed CD8α (Suppl. Table 1). When gating only 

on these CD4+CD8α+ double positive T cells, they showed an activation pattern like single 

positive CD4+ cells (Suppl. Fig. 4). Hence, frequencies of CD25+ and MHC-II+ cells within the 

CD4+CD8+ population were elevated day at 1, 2, 3, and 4 after Con A stimulation (Suppl. Fig. 



4A). In addition, the relative surface expression of CD25 was elevated on day 2 and 3 and MHC-

II and CD28 on day 1, 2, 3, and 4 (Suppl. Fig. 4B) as observed for single positive CD4+ T cells. 

Interestingly, where the CD5 surface expression was unchanged in Con A-stimulated  CD4+CD8- 

T cells, the relative surface expression of CD5 was significantly increased at day 1 and 2 upon 

Con A stimulation in the CD4+CD8+ population (Suppl. Fig. 4B). 

 

Discussion 

The aim of this study was to investigate the expression of activation markers on chicken T cells 

after polyclonal simulation. An exhausted overview comparing T cell mitogen responses in 

mammals and chickens is lacking but it is well established that many of the mitogens must be 

used in different concentrations when working with chicken cells. One of the best described and 

widely used T cell mitogens in chicken research is Con A, a mitogenic mannose/glucose-binding 

lectin isolated from Jack beans (Canavalia ensiformis).  In our hands, we observe large batch-to-

batch variations when using commercial Con A and furthermore we experience differences 

between age and sex matched inbred genetic lines kept in the same environment (unpublished 

observations). For example, we repeatedly observe high and low ConA proliferative 

responsiveness when we use PBMC from inbred lines selectively bred for high (L10H) or low 

(L10L) levels of the plasma collectin MBL. Preliminary data suggest that TCR expression does 

not differ between the two lines and hence this may not be causative 

MBL is constitutive expressed in the liver and large variation in MBL plasma levels are observed 

between individuals also from commercial breeds influenced by genetics and age 36. MBL is an 

acute phase protein that plays a key role in host immune responses and the outcome of various 

infections. Previous reports in humans have shown that variations in MBL serum concentration 

are associated with the susceptibility and course of different infections 37–39. In chickens, a 

positive correlation between MBL plasma levels and disease resistance has been observed for 

infections such as IBV 40, Escherichia coli 36 and Pasteurella multocida40.   

 

As in mammals, it appears that also in chicken some activation markers have a low or absent 

expression on resting T cells (e.g. CD25) whereas others are constitutively expressed but a 

change in surface expression can be observed upon activation of the T cells (e.g. CD45). For the 

first category, relative frequencies are informative to monitor activation status whereas in the 



second category MFIs for each individual marker are needed for this. In this study, we report 

both parameters for six selected potential chicken T cell activation markers. The study was 

limited to polyclonal activation with a single mitogen and four-color flow cytometry. Hence, 

extrapolation of the results to other mitogens or better-defined T cell subsets should be done with 

caution. However, the aim of this study was not to provide an exhaustive set of activation 

profiles but rather to identify potential valuable chicken T cell activation markers. A limitation of 

the study was that we do not have the possibility to distinguish between T cells expressing 

various TCRs. Avian homologues of the mammalian γδTCR (TCR1) and the αβTCR (TCR2) 

exist in the chickens in addition to a third TCR isotype (TCR3)41. The TCR1+ proportion of 

CD3+ T cells can be as high as 50% whereas the TCR3+ population is usually below 10% in 

peripheral blood depending on variables such as age and chicken breed 42. The direct gating 

strategy in this study where the majority of the data is presented for live CD4+ and CD8α+ cells 

implies that the populations are heterogeneous. The majority of the peripheral CD4+ population 

is TCR2+, but we cannot exclude the presence of TCR3+ cells. In addition, as shown in Suppl. 

Table 1, especially in the L10 H chickens, a considerable fraction of the CD4+ cells co-expressed 

CD8α (35-48%). The majority of the CD8α+ population are TCR2+ but 1-5% were TCR1+  at the 

beginning of the experiment (Suppl. Table 1). Furthermore, a small fraction of the CD8α+ T cells 

may be TCR3+, which was not included in our phenotyping.  Despite the presence of these sub-

populations, the data largely reflect polyclonal activation profiles of avian CD4+ Th and CD8+ Tc 

cells. We found that all CD4+ T cells exhibited constitutive surface expression of CD28, and this 

was observed to be unchanged upon activation (Fig. 3). We did, however, observe an increase in 

the proportion of CD8+ T cells exhibiting surface expression of CD28 and an increased surface 

expression of CD28 on CD4+CD28+ and CD4+CD8α+ T cells upon activation (Fig 3 and 4). In 

contrary to our results, Beirao et al. (2012) reported higher quantities of CD8α+CD28− T cells 

and lower quantities of CD8α+CD28+ T cells in chickens infected with Salmonella, and 

infectious bursal disease virus (IBDV) when compared to uninfected controls 43. These 

observations suggest that various stimuli may have unique kinetics for surface-marker expression 

by lymphocytes. 

In humans, surface expression of CD25 by T cells can be detected after 18 h of stimulation with 

PHA 44. We found that surface expression of CD25 was absent from resting T cells but CD25 

was expressed on CD4+ and CD8+ T cells one day after activation (Fig. 3). Late after stimulation 



(48 hours), surface expression of CD25 by only CD4+ T cells increased (Fig. 4). In line with our 

results, the percentage of CD4+CD25+ T cells among peripheral blood lymphocytes increased 

two days after IBDV infection 45. Likewise, Teng et al., (2006) reported that the proportion of the 

CD4+CD25+ and CD8+CD25+ T cells was upregulated dramatically and reached a peak two days 

after infection with H9N2 avian influenza virus and decreased gradually after three days 46.  

In our study, surface expression of MHC-II was absent on resting cells and we found increased 

frequencies of CD4+ and CD8+ exhibiting surface expression of MHC-II upon activation (Fig. 3). 

A transient increase in surface expression of MHC-II by both CD4+ and CD8+ T cells was 

observed early (24h) after stimulation (Fig. 4). This is consistent with results from a number of 

previous studies, that have shown overall agreement with upregulation in surface expression of 

MHC-II by T cells after infection of lymphocyte subsets with Marek's disease virus 47,48.  

All CD4+ T cells exhibited constitutive surface expression of CD5 in the present study, and this 

was unchanged upon activation (Fig. 3 and 4). Interestingly, we observed a tendency to a 

decrease in surface expression of CD5 by CD8+ T cells upon stimulation. Avian CD5 is 

expressed with differential intensities by various lymphocyte subsets (order CD4+ αβ>CD8+ αβ 

>CD8+ γδ>CD8-). We observed lower frequency of CD5+ T cells in the CD8α+ population. This 

may be due to the presence of intermediate CD5 (CD5int) T cells and the fact that our CD8α+ 

population contained a small subset of γδ T cells (1-5%, Suppl. Table 1), which are known to 

exhibit less surface expression of CD5 than conventional αβ TCR CD8α+ cells 49. In the same 

study, Koskinen et al. (1998) 49 indicated increased CD5 surface expression upon mitogen 

stimulation, which is in contrast with our current observations where the tendency was towards a 

down regulation. However, Koskinen et al. (1998) 49 used young animals of 3 weeks of age 

whereas the current study was performed on cells from adult chickens. Furthermore, there is no 

mentioning of the mitogen used by Koskinen et al. (1998) 49, which makes direct comparison 

difficult. Interestingly, the CD8α+TCRγδ+ population appears to be in an activated state ex vivo 

i.e. expressing MHC-II 50 and further studies should encompass flow cytometry using additional 

lineage markers and antigenic and mitogenic stimuli. In humans, CD5 downregulation on 

memory T cells correlates directly with T cell differentiation 51 and cytotoxicity of tumor 

infiltrating lymphocytes 51. Consistent with our findings, using a dendritic cell (DC): T cell in 

vitro stimulation model, the T cell unresponsiveness was associated with increased CD5 

expression 52.  



The mammalian cell-surface receptor CD44 is the most widely used marker for antigen-

experienced, effector, and memory T cells 53. In humans, surface expression of CD44 is 

markedly increased during T cells differentiation into memory T cells 54 and proliferation and 

differentiation of B cells 55. Few studies describing surface expression of CD44 in chickens exist 

and a previous study describing CD44 as a chicken T cell activation marker after Newcastle 

Disease Virus (NDV) vaccination did not identify clear correlations between CD44 and 

activation status when looking at the entire PMBC population 10. In the current study, we 

observed a clear increase in expression of CD44 on both CD4+ and CD8+ T cells upon Con A 

stimulation, suggesting that CD44 is indeed a potential T cell activation marker (Fig. 5). 

Similarly, it has also been found that activated or effector T cells in the Hardarian gland after 

IBV vaccination also exhibit increased surface expression of CD44 56.  

Constitutive surface expression of CD45 was observed in both CD4+ and CD8+ T cells, which 

exhibited a clear upregulation of CD45 expression upon Con A stimulation (Fig. 5). This is in 

accordance with observations that chicken T-cells alter their CD45 isotype expression upon 

activation 57 and also accords with our earlier observations, in which relative surface expression 

of CD45 by peripheral lymphocytes was up regulated in chickens vaccinated against NDV 

compared to naïve controls 10. In contrast to our results, however, mRNA expression of CD45 in 

spleen tissue was down regulated in chickens with severe Avian Pathogenic E. coli infections 

compared to healthy chickens 58. We have also observed down regulation of CD45 cell surface 

expression on heterophils and monocytes after Erysipelothrix rhusiopathiae infection of 

chickens59. Hence, it seems CD45 expression upon cellular activation varies in different 

leukocyte populations which is in analogy with what has been observed for mammals 60. In 

summary, direct translation from studies of mammalian T cell activation markers may not be 

possible but it is indeed important to raise chicken specific antibodies to additional well-known 

mammalian markers like e.g. CD69 and evaluate their potential value for the study of chicken T 

cell biology. 

 

Conclusion1 

 Our results describe activation marker-expression kinetics after polyclonal stimulation of 

chicken PBMCs. In summary, a robust proliferative response by T cells to Con A mitogen was 
                                                           
1 The authors declare no conflicts of interest. 



corroborated by appropriate alterations in surface-marker expression on these cells. Proliferation 

of peripheral T cells were linked to markedly increased frequencies of T cells expressing CD25 

and MHC-II as early markers and CD28 as a later marker. Likewise, upregulation in relative 

surface expression was observed for most surface markers with the exception of CD5. These 

observations may help gain further insight into chicken cellular immunity in response to 

vaccination or infectious agents. 

 

Legends for tables and figures 

 

Table 1. Monoclonal antibodies used for blood leukocyte immunolabelling 

 

Figure 1 

Gating strategies for flow cytometric analysis of in vitro Con A-stimulated and non-stimulated 

PBMCs. 1) SSC-A/FSC-A defined lymphocytes, intact cells), 2) dead cell exclusion using 

Propidium Iodide (PI), 3) CD4+ T cells and CD8+ T cells, 4) CD4+CD25-/+ T cells and 

CD8+CD25-/+ T cell, 5) FSC/SSC defined lymphoblasts within CD4+CD25- (P1), CD4+CD25+ 

(P2), CD8+CD25- (P3), CD8+CD25+ (P4). CD25 staining from day 2 is shown as an example but 

the gating strategy was identical for the all activation markers. 

 



 
 

Figure 2 

The average frequency of lymphoblasts following in vitro Con A stimulation of PBMCs. 

Proportions of lymphoblast within the; A) CD4+CD25-/+ populations, B) CD4+CD28-/+ 

populations, C) CD4+CD5-/+ populations, D) CD4+MHC-II-/+ populations, E) CD8+CD25-/+ 

populations, F) CD8+CD28-/+ populations, G) CD8+CD25-/+ populations, and H) CD8+MHC-II-/+ 

populations. Data represents biological replicates (n=3 per day) of chickens selectively bred for 

high (L10H) and low (L10L) serum mannose-binding lectin (MBL) levels and averages from day 

0-4 after stimulation is shown. Results are presented as box and whisker plots showing the 

median, with 25–75 percentile range as the box and 5–95 percentiles as the whiskers. Asterisks 

indicate statistical significance compared to unstimulated cells (∗  = P < 0.05, ∗∗  = P < 0.01, and 

∗∗∗  = P < 0.001). 



 
Figure 3 

The average frequency of T cells expressing surface activation markers following in vitro Con A 

stimulation of PBMCs. Proportions ; A) CD25+ of CD4+ T cells, B) CD28+ of CD4+ T cells, C) 

CD5+ of CD4+ T cells, D) MHC-II+ of CD4+ T cells, E) CD25+ of CD8α+ T cells, F) CD28+ of 

CD8α+ T cells, G) CD5+ of CD8α+ T cells, and H) MHC-II+ of CD8α+ T cells. Data represents 

biological replicates (n=3 per day) of chickens selectively bred for high (L10H) and low (L10L) 

serum mannose-binding lectin (MBL) levels and averages from day 0-4 after stimulation is 

shown. Results are presented as box and whisker plots showing the median, with 25–75 

percentile range as the box and 5–95 percentiles as the whiskers. Asterisks indicate statistical 

significance compared to unstimulated cells (∗  = P < 0.05, ∗∗  = P < 0.01, and ∗∗∗  = P < 0.001). 

 



 
 

Figure 4 

The average mean fluorescence intensity (MFI) of activation marker surface expression 

following in vitro Con A PBMC stimulation. A) CD25 MFI on CD4+CD25+ T cells, B) CD28 

MFI on CD4+CD28+ T cells, C) CD5 MFI on CD4+CD5+ T cells, D) MHC-II on CD4+MHC-II+ 

T cells, E) CD25 MFI on CD8α+CD25+ T cells, F) CD28 MFI on CD8α+CD28+ T cells, G) CD5 

MFI on CD8α+CD5+ T cells, and H) MHC-II MFI on CD8α+MHC-II+  T cells. Data represents 

biological replicates (n=3 per day) of chickens selectively bred for high (L10H) and low (L10L) 

serum mannose-binding lectin (MBL) levels and averages from day 0-4 after stimulation is 

shown. Results are presented as box and whisker plots showing the median, with 25–75 

percentile range as the box and 5–95 percentiles as the whiskers. Asterisks indicate statistical 

significance compared to unstimulated cells (∗  = P < 0.05, ∗∗  = P < 0.01, and ∗∗∗  = P < 0.001). 



 
Figure 5 

The average mean fluorescence intensity (MFI) of CD44 and CD45 expression following in vitro 

PBMC stimulation with Con A. A) CD44 MFI on CD4+CD44+ T cells, B) CD45 MFI on 

CD4+CD45+ T cells, C) CD44 MFI on CD8+CD44+ T cells, and D) CD45 MFI on CD8 α 
+CD45+ T cells. Data represents biological replicates (n=3 per day) of chickens selectively bred 

for high (L10H) and low (L10L) serum mannose-binding lectin (MBL) levels. Results are 

presented as box and whisker plots showing the median, with 25–75 percentile range as the box 

and 5–95 percentiles as the whiskers. Asterisks indicate statistical significance compared to 

unstimulated cells (∗  = P < 0.05, ∗∗  = P < 0.01, and ∗∗∗  = P < 0.001). 

 
 

Figure 6 



Time-point kinetics of activation marker expression on PBMCs from L10H chickens following 

in vitro stimulation with Con A. A-B) Proportion of CD25, CD28, CD5 and MHC-II positive 

cells within the CD4+ and CD8α+ population, respectively. C-D) Mean fluorescence intensity 

(MFI) of CD25, CD28, CD5 and MHC-II surface expression on marker positive CD4+ and 

CD8α+ T cells, respectively. E-F) Proportion of CD44 and CD45 positive cells within the CD4+ 

and CD8α+ population, respectively. G-H) Mean fluorescence intensity (MFI) of CD44 and 

CD45 surface expression on marker positive CD4+ and CD8α+ T cells, respectively. Data 

represents means ± SD of chickens (n=3) selectively bred for high (L10H) serum mannose-

binding lectin (MBL) levels. Time points with an asterisk indicate statistical significance 

compared to unstimulated cells (not shown) at the same time points. 

 



Supplementary Table 1 

Frequencies  of T cell subpopulations in PBMCs of the two chicken lines at day 0 of the 

experiment. 

 

Supplementary Figure 1 

Flow cytometric-gating strategies for phenotyping of double positive (DP) CD4+CD8α+ cells. A) 

Gating on the fraction of CD4+ cell that co-expressed CD8α was carried out by the exclusion of 

debris on forward scatter (FSC) and side scatter (SSC) dot plots and subsequently excluding dead 

cells by propidium iodine (PI). The blast transformation of marker positive and marker negative 

DP T cells was determined through forward scatter (FSC) and side scatter (SSC) profiles. CD25 

is shown as example but gating was identical for the other activation markers. B) Biological 

control of L10L chicken devoid of CD4+CD8+ T cells for correct gate setting.  

 
Supplementary Figure 2 



The differential expression of surface markers (CD25, CD28, CD5, and MHC-II) on peripheral 

blood CD4+ and CD8α+ T cells following in vitro Con A stimulation. A and B) frequency of 

CD4+ and CD8+ T cells expressing surface markers CD25, CD28, CD5, and MHC-II, 

respectively. C and D) Expression of activation markers (CD25, CD28, CD5, and MHC-II) on 

CD4+ and CD8α+ T cells. Data represents means±SD of chickens (n=3)  selectively bred for 

high (L10H) serum mannose-binding lectin (MBL) levels. Results are presented as box and 

whisker plots showing the median, with 25–75 percentile range as the box and 5–95 percentiles 

as the whiskers. Asterisks indicate statistical significance compared to unstimulated cells (∗ = P 

< 0.05). 



 
 

Supplementary Figure 3 

The differential expression of surface markers (CD44, and CD45) on peripheral blood CD4+ and 

CD8α+ T cells following in vitro Con A stimulation. A and B) frequency of CD4+ and CD8α+ T 

cells expressing surface markers CD44, and CD45, respectively. C and D) Expression of 

activation markers (CD44, and CD45) on CD4+ and CD8α+ T cells. Data represents means±SD 



of chickens (n=3) selectively bred for high (L10H) serum mannose-binding lectin (MBL) levels. 

Results are presented as box and whisker plots showing the median, with 25–75 percentile range 

as the box and 5–95 percentiles as the whiskers. Asterisks indicate statistical significance 

compared to unstimulated cells (∗  = P < 0.05). 



 



 

Supplementary Figure 4 

The differential expression of surface markers (CD25, CD28, CD5, and MHC-II) on peripheral 

blood double positive CD4+CD8α+ T cells following in vitro Con A stimulation. A) frequency of  

CD4+CD8α+ T cells expressing surface markers CD25, CD28, CD5, and MHC-II, respectively, 

B) Expression of activation markers (CD25, CD28, CD5, and MHC-II) on CD4+CD8α+ T cells. 

Data represents biological replicates (n=3) of chickens selectively bred for high (L10H) serum 

mannose-binding lectin (MBL) levels. Results are presented as box and whisker plots showing 

the median, with 25–75 percentile range as the box and 5–95 percentiles as the whiskers. 

Asterisks indicate statistical significance compared to unstimulated cells (∗  = P < 0.05). 
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Table 1. Monoclonal antibodies used for blood leukocyte immunolabelling  
Cell surface antigen Clone Panel 1 Panel 2 Panel 3 Panel 4 Panel 5 Panel 6d 

CD4-FITCa CT4 *   * *  
CD28-PEa AV7 *      
CD8α-Cy5a 3-298 * *  * * * 
MHC-II-FITCa 2G11  *     
CD4-PEa CT4  * *   * 
CD8α-FITCa 3-298   *    
CD25-A647b AbD13504   *    
CD5-PEa 2-191    *   
CD44-PEa AV6     *  
CD45-PerCp/Cy5.5bc UM16-6     *  
TCRγδ-FITCa TCR-1      * 
aPurchased from Southern Biotech 
bPurchased from BioRad 
cFluorochrome conjugation by Lightning-Link® kit from Expedeon 
dPanel 6 only used at day 0 to determine frequency of TCRγδ T cells in the CD8α+ population 

 




