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Abstract
Expressions of activation markers have been described on the surface of T cells in the blood and the
lung in both health and disease. We have studied the distribution of activation markers on human
lung T cells and have found that only certain populations exist. Importantly, the presence or absence
of some markers appears to predict those of others, in particular cells which express CD103 also
express CD49a and CD69, whereas cells which do not express CD69 also do not express CD49a or
CD103.

In view of the paucity of activation marker expression in the peripheral blood, we have hypothesised
that these CD69+, CD49a+, and CD103+ (triple positive) cells are retained in the lung, possess
effector function (IFNγ secretion) and express particular chemokine receptors which allow them to
be maintained in this environment.

We have found that the ability of the triple negative cells to secrete IFNγ is significantly less than
the triple positive cells, suggesting that the expression of activation markers can highlight a highly
specialised effector cell. We have studied the expression of 14 chemokine receptors and have found
that the most striking difference between the triple negative cells and the triple positive cells is the
expression of CXCR6 with 12.8±9.8% of triple negative cells expressing CXCR6 compared to 89.5
±5.5% of triple positive cells.

We propose therefore that CXCR6 may play an important role in the retention of T cells within the
lung.
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Introduction
Human memory T cells re-circulate from blood to tissue via the lymphatic system as part of a
surveillance mechanism to increase the chance of encountering the antigen to which they have
been sensitised. Memory T cells preferentially return to the organ in whose associated lymph
nodes they first encountered antigen, a process known as T cell homing (Butcher et al.,
1999). This process is directed by organ specific expression of adhesion receptors and
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chemokines. Specific pathways have been described for secondary lymphoid tissue, skin and
small intestine (Forster et al., 1999; Kunkel et al., 2000; von Andrian and Mackay, 2000; Reiss
et al., 2001). As yet, markers which identify cells programmed to return to the lung have not
been identified, although these cells express a distinct phenotype of adhesion and chemokine
receptors (Campbell et al., 2001).

The lung is an important tertiary lymphoid organ which contains large numbers of T cells
distributed between various intercommunicating compartments (Wardlaw, 2002). Lung CD3
+ T cells are >95% CD45RO+ and a variable but high proportion of both CD4+ and CD8+ T
cells express activation markers. Activation markers were initially described on lymphocytes
stimulated in vitro with mitogens and antigen. These have been divided into three groups
according to their appearance on stimulated cells. Early activation markers such as CD69 and
CD25 appear within hours of stimulation in contrast to the very late activation markers
(CD49a), which appear only after weeks of stimulation; other markers fall in between these
two extremes (e.g. CD103).

In contrast to tissue T cells, there is little expression of activation markers on peripheral blood
T cells in either health or disease (Corrigan et al., 1988; Ancochea et al., 1993). The kinetics
of migration of T cells from the lung mucosa to the draining lymph nodes is not known with
any certainty but based on other tissues is probably in the order of 24 h (Pabst and Binns,
1995). However, the delayed up-regulation of some activation markers suggests that those cells
which express activation markers cannot be re-circulating very rapidly and therefore must be
retained within the lung for significant periods (Saltini et al., 1988). Evidence that such a tissue
resident population may exist is highlighted by the finding that donor lymphocytes remain
present in transplanted human lungs up to 34 weeks post procedure (Fung et al., 1985). The
presence of activation markers on lung T cells also implies that they have been stimulated and
activation markers may represent a footprint of a cell which has encountered its target antigen,
and is therefore at a heightened level of immune surveillance.

We therefore hypothesised that T cells expressing activation markers are resident within the
lung whereas those which do not express activation markers, are more likely to be trafficking
rapidly to the mediastinal lymph nodes having failed to encounter either cognate antigen or
other activating signals. In support of this, we found that lung T cells expressing activation
markers expressed more IFNγ and that these cells co-expressed the chemokine receptor
CXCR6 which could be involved in lung T cell retention.

Materials and methods
Preparation of human lung filtrate

Fresh human lung specimens were obtained from patients undergoing lung resection for
predominantly non-small cell carcinoma of the lung at Glenfield Hospital, Leicester, UK. All
patients gave written consent for the study and the study was approved by the Leicestershire,
Northamptonshire & Rutland Research Ethics Committee. The specimen was taken from
macroscopically normal lung at some distance from the tumour and minced with fine scissors.
The resulting suspension was then filtered through 100 μm gauze to remove large particles.
The number of cells obtained depended on the amount of lung received, but was in the region
of 107 cells per gram of lung tissue and a minimum of 5 g of lung tissue was used. The number
of lymphocytic cells in each sample of lung filtrate varied from subject to subject but was
generally in the region of 5%. The filtrate obtained was left overnight at 37 °C in large petri
dishes to remove contaminating alveolar macrophages (AM) by adherence. The following day
after washing with phosphate buffered saline (PBS; Invitrogen Life Technologies, Paisley,
UK)/0.5% bovine serum albumin (BSA; Sigma) (PBS/BSA), red cell lysis was carried out by
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osmotic shock. Lung T cells from 24 patients were used for the experiments in this paper. The
individual numbers of subjects used for each experiment are detailed in the figure legends.

Labelling cells for activation markers, intracellular cytokine and chemokine receptors for
three colour flow cytometry

The antibodies used for flow cytometry are shown in Table 1. We used a combination of direct
and indirect labelling approaches depending on the study design for each experiment and the
antibodies that were available either commercially or as gifts within the limitations of three
colour flow cytometry. Non-specific binding was eliminated in the lung filtrate cells by
incubation with 10% fetal calf serum (Sigma) for 15 min. For the studies of the expression of
the activation receptors described in Fig. 1, cells were labelled with a monoclonal mouse anti-
human activation marker antibody (either CD69, CD103 or CD49a), which was then visualised
by fluorescein (FITC) labelled secondary rabbit anti-mouse antibody (DAKO Cytomation).
After blocking with 10% mouse serum (Sigma), cells were stained for CD3 PerCP and CD8
PE. For activation marker co-expression experiments, in the same way, the first marker was
labelled indirectly with FITC followed by a second R-phycoerythrin (PE) labelled mouse anti-
human activation marker antibody (either CD69 PE, CD103 PE or CD49a PE) and CD3 PerCP.

For intracellular cytokine measurements, as above, indirect labelling of either CD69 or CD103
was performed prior to stimulation for 4 h at 37 °C in medium containing either phorbol 12-
myristate 13-acetate (Sigma) 5 ng/ml, calcium ionophore (Sigma) 250 ng/ml and brefeldin
(Sigma) 10 μg/ml, or Staphylococcal enterotoxin B (SEB) and brefeldin (both at 10 μg/ ml).
Following CD3 PerCP surface marker staining, cells were fixed and permeabilised using 4%
paraformaldehyde (Sigma)/0.1% Saponin (Sigma) for 15 min at 4 °C. After intracellular
blocking with 10% mouse serum, cells were incubated with PE labelled mouse anti-human
IFNγ.

Finally, the expression of CD69 and CD103 in conjunction with the chemokine receptors
CCR1, 2, 6, CXCR1, 2, 3, 4, 6, CCR3, 4, 7, 9, 10 (kind gift of Millenium Pharmaceuticals,
MA, USA) and CCR5 was performed. All chemokine receptor antibodies were mouse
monoclonals and appropriate isotype controls (DAKO) were used throughout. Lung filtrate
cells were FITC stained indirectly for the chemokine receptor of interest then labelled with
mouse anti-human CD3 PerCP and either CD69 PE or CD103 PE.

Samples were acquired using a BD FACScan and results were analysed using CellQuest Pro
software, version 4.0.2 (BD Biosciences). Lymphocytes were initially gated on the basis of
their forward/side scatter properties and CD3 expression.

Labelling of cells for activation markers, intracellular cytokine and chemokine receptors for
five colour flow cytometry

In order to study a more diverse population of activation marker expressing cells together with
their ability to secrete cytokine or express chemokine receptors (particularly CXCR6), we
devised a five colour flow experiment enabling simultaneous analysis of two activation
markers, CD3, CD4, CD8 and either IFNγ or CXCR6.

Briefly, non-specific binding on cells was abolished by incubation with 10% fetal calf serum
as before. Unlabelled primary CXCR6 antibody or mouse control was incubated with the cells
for 45 min at 4 °C. After washing, cells were incubated for a further 45 min on ice with a
biotinylated goat anti-mouse secondary antibody (Jackson ImmunoResearch Laboratories, PA,
USA) at a dilution of 1:50. After a further blocking step using 10% normal mouse serum, the
primary antibody was visualised using streptavidin conjugated PECy7 (Cedar-lane
Laboratories, Ont., Canada) at a dilution of 1:100. At the same time, a cocktail of other direct
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labelled antibodies was added to the cells, CD103 FITC, CD49a PE, CD3 ECD and CD8 APC
Cy7 and incubated for a further 45 min at 4 °C. Cells were then washed in SM-2 buffer (PBS,
0.1% sodium azide and 10% fetal calf serum) before fixation in 1% PFA prior to shipping to
the USA for analysis.

Experiments measuring IFNγ secretion were carried out in a similar fashion. Unlabelled CD49a
was initially used followed by the same biotinylated and streptavidin conjugated antibodies as
above. The cocktail of direct labelled antibodies was as above except that no PE labelled
antibody was added. After incubation, cells were washed in medium prior to 4 h stimulation
with PMA, calcium ionophore and brefeldin as set out in methods above. Intracellular staining
for IFNγ was as described for the three colour flow cytometry experiments. Cells were fixed
and shipped to the USA for further analysis. In all experiments, isotype control antibodies were
used throughout.

Samples were acquired using a MoFlo cytometer (DAKO Cytomation) and analysed using
Summit 3.1 software (DAKO Cytomation).

Statistical analysis
All statistical analysis was done using Graphpad Prism (Graphpad Software Inc., San Diego,
CA). Student’s t test was used to compare differences between groups. p values of <0.05 were
considered significant. All values are expressed as means±S.D.

Results
Expression of activation markers on human lung T cells

Expression of CD69, CD103 and CD49a on T cells from human lung filtrate were assessed in
experiments on eight different lung donors. The expression of these markers on human lung T
cells varied widely. An average of 68±13.8% of CD3 cells expressed CD69 whereas for CD49a
and CD103 the levels of expression were lower at 46±19.5% and 35±19.8%, respectively.
There was no statistically significant bias towards expression of either CD69 or CD103 on
CD8 positive or negative cells (Fig. 1).

Analysis of the co-expression of the activation markers revealed a number of subsets expressing
different combinations. Of particular note, CD69– cells were unlikely to express either CD49a
or CD103. Thus, of cells which lack CD69 expression, 96.6±3.7% and 88.8±16.4% also fail
to express CD49a and CD103, respectively (n = 8, Fig. 2A). Therefore, lack of CD69 expression
appears to serve as a good marker for cells which are negative for all three of the activation
markers (‘unactivated’). In contrast of CD3 cells which express CD103, an average of 68
±12.7% and 89.3±10.3% also express CD49a and CD69, respectively (n = 8, Fig. 2A), thus
making CD103 a marker for cells co-expressing all three activation markers (‘activated’).
Three activation markers give a possible eight different combinations of activation marker
expression. Analysis of our results as outlined above allows for a reasonable estimate as to the
sizes of some of these populations (Fig. 2B). In this way, we have shown that some
combinations such as CD3+CD69−CD49a−CD103+ cells essentially do not exist on human
lung T cells. The limitations of a three colour flow cytometer mean that for populations which
lie between the two extremes listed above it is difficult to make accurate estimations with regard
to population size.

Relationship between activation marker expression and cytokine secretion
We compared the activated (CD103+) and the unactivated (CD69−) populations in terms of
their ability to secrete cytokine when stimulated by either PMA/ionomycin or SEB. Following
PMA/ionomycin stimulation there was a significant difference in the ability of these cell
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populations to secrete IFNγ when stimulated in vitro, with 33.2±21.2% of CD69– cells
secreting this cytokine as compared to 48.9±30.2% of CD103+ cells (p = 0.044) (Fig. 3A).
When cells were stimulated by SEB, there was dramatically less IFNγ production detectable,
with an average of 11.4±4.8% of CD3+ cells positive for IFNγ compared to 44.9±27.6% of
cells with PMA/ionomycin stimulation. There was a trend towards increased secretion of
IFNγ by CD103+ cells in that 13.1±3.1% of these cells secrete IFNγ compared to 9.8±5.2 of
CD69– cells; however, these differences were not statistically significant (data not shown)
(subjects 9–13 were used for the experiments with SEB).

Further analysis of intermediate populations using five colour flow cytometry revealed a
significant difference between CD103+49+ cells and CD69−49– cells in terms of their ability
to secrete IFNγ with 78.3±8.4% of double positive cells secreting this cytokine compared to
43.9±13.3% of double negative cells, p = 0.008 (Fig. 3B). There was no difference in cytokine
production between CD8+ and CD8– populations (data not shown).

Chemokine receptor expression on polarised T cell populations
Analysis of chemokine receptor expression on human lung T cells demonstrated that the
average chemokine receptor expression for all lung T cells varies according to the receptor in
question (Fig. 4), but generally can be divided into those receptors which are highly expressed
in the lung (>80%) such as CXCR3 and CXCR4, those with low expression (<10%) such as
CCR1, 3, 6, 9, 10 and CXCR2 and the remainder with moderate expression between these
levels.

We hypothesised that activated T cells would preferentially express chemokine receptors that
are involved in retaining the cells within the lung mucosa. We therefore compared expression
of a panel of CR (Table 1) on CD103+ and CD69– cells. Three of the fourteen receptors
measured showed significant differences in expression between the two polarised populations
(Fig. 5A–C). CCR5 was expressed by 95.6±4.8% of CD103+ cells compared to 55.3±21% of
CD69– cells (p = 0.0045, Fig. 5A) whereas CXCR3 was expressed by 96.8±2.3% of CD103+
cells compared to 77.6±10.2% of CD69– cells (p = 0.0031, Fig. 5B). The most marked
difference was for CXCR6, with 89.5±5.5% of CD103 cells expressing CXCR6 compared to
12.8±9.8% of CD69– cells (p = <0.0001, Fig. 5C).

CCR7 was one of only two receptors whose expression was less on CD103+ T cells compared
to CD69– cells, the other being CXCR2. Values for CCR7 expression were 22.5±10.7% and
48.5±30% in CD103+ cells and CD69– cells, respectively. However, this difference did not
reach statistical significance (p = 0.1).

Further analysis of intermediate populations using five colour flow cytometry revealed there
was a graded response of CXCR6 expression dependent upon activation marker expression
with the most likely cells to express CXCR6 being CD103+49a+, followed by CD103+49a−,
then CD103–49a+ and finally the least likely to express this chemokine receptor being CD103
−49a– cells (Fig. 6). We found that there was no significant difference between CD3+CD8+
and CD3+CD8– cells in the pattern of CXCR6 expression amongst activation marker
subgroups.

Discussion
Lung T cells, like tissue T cells, in general have increased expression of activation markers.
However, the mechanisms and implications of this expression have not been explored in detail.
We have shown for the first time that these receptors co-express in a random fashion with two
clearly polarised populations, one expressing none of the receptors and one expressing all three.
We have shown that these two populations differ markedly in terms of their expression of
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chemokine receptors, especially CXCR6, and their ability to secrete cytokines. We hypothesise
that the ‘activated’ cells represent a resident lung population whereas the ‘unactivated’ cells
are just passing through.

We hypothesised that if these cells were truly activated then they would have greater potential
for cytokine release. We have found that CD103 positive cells which generally co-express both
CD69 and CD49a, contained a significantly greater number of cytokine producing cells than
the cells expressing none of these receptors, exemplified by CD69 negative cells. It was a
limitation of our technology that we had to use CD103 as a surrogate for triple expression of
the activation receptors when 30% of these cells did not express CD49a. However, the
difference in cytokine expression was accentuated when analysis of intermediate populations
was made possible using five colour flow cytometry. Unfortunately, we were unable to stain
for CD69 in the five colour experiments but there was a marked difference between the cells
that expressed CD103 and CD49a (which will also be CD69 positive) and the cells which were
negative for these receptors most of which will be triple negative. The above results were
obtained with a maximal non-physiological stimulus (PMA/ calcium ionophore) and were also
seen with a more physiological polyclonal stimulus (SEB). It seems therefore that cells
expressing activation markers do appear to be more ‘activated’ in the sense of being able to
produce more cytokines. In these experiments we did not study expression of the Th2 cytokines
IL-4 or IL-13 or the regulatory associated cytokine IL-10. The number of T cells expressing
Th2 cytokines whether from BAL or lung resection T cells is in the region of 2% (data not
shown) which would make co-expression with activation markers difficult to interpret. We
were unable to detect IL-10 secretion by lung T cells using this technique.

One of the major implications of expression of slow onset activation markers such as CD103
and CD49a is that these cells must be retained within the tissue, otherwise expression of these
markers would be seen in the peripheral blood. It would seem plausible that cells not expressing
these markers contain the population of cells that are not retained but are trafficking to the
regional lymph nodes on their way back to the circulation. One can speculate that the retained
cells have encountered cognate antigen and are being held in the tissue by signals provided by
APC. If this were the case we would expect cells expressing activation markers to express
receptors responsive to retention signals from APCs. We report here for the first time the novel
and potentially important observation that cells expressing all three activation markers were
virtually all positive for CXCR6, whereas the majority of cells which were activation marker
negative did not express this receptor. These observations were confirmed using five colour
flow cytometry on each different set of cells using a different set of antibodies. We observed
increased expression of CXCR6 with increasing expression of activation markers although
expression of CXCR6 appears to be most closely related to CD103 expression.

CXCR6 was initially recognised as a fusion co-factor for the HIV and SIV-1 viruses (Deng et
al., 1997; Matloubian et al., 2000). It is predominantly expressed by a small subset of peripheral
blood T cells and a subset of dendritic cells (Berahovich et al., 2006). Expression is increased
on T cells from a number of tissues including the lung, gut, synovium and liver (Agostini et
al., 2005; Heydtmann et al., 2005; Morgan et al., 2005; Nanki et al., 2005; Stenstad et al.,
2006). The sole ligand for CXCR6 is CXCL16, which like CX3CL1 is a transmembrane
chemokine which is present in both a full length form expressed on the cell surface and a smaller
secreted moiety (Ludwig and Weber, 2007). CXCL16 is also a scavenger receptor which is
thought to be involved in atherosclerosis (Sheikine et al., 2006). We have recently found that
this chemokine is highly expressed by AM and in BAL from normal subjects. Although it is
difficult to determine the precise concentration of CXCL16 at the site of action the
concentrations present in BAL fluid and secreted by alveolar macrophages and bronchial
epithelial cells is in the nanogram range (paper in preparation). This is therefore one of the
highest constitutively produced chemokines in the lung and in a range that is likely to mediate
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recruitment of CXCR6 T cells. We have therefore speculated that CXCR6 and CXCL16 are
involved in constitutive migration of T cells into the lung (Morgan et al., 2005). CXCL16 is a
transmembrane chemokine and is expressed both on the surface of AM as well as in soluble
form in supernatants from AM. CXCL16 has also been shown to be expressed by dendritic
cells. (Tabata et al., 2005). We therefore hypothesise that CXCR6 positive cells recruited into
the lung, become attracted to AM and to other APCs expressing CXCL16. This suggestion has
also been made by Latta et al. (2007). If those cells are also expressing cognate antigen then
this results in up-regulation of CD69, CD49a and particularly CD103 which are involved in
anchoring the T cells within the tissue possibly through adherence to the APCs themselves or
to collagen (VLA-1) or E-cadherin in the case of CD103. In most cases, this would result in a
tolerogenic signal (as T cells in the lung are not constitutively producing cytokine) and this
would be consistent with the down-regulatory role of AM on T cell activation. We cannot
discount the possibility however that CXCR6 is a marker of cognate interaction with APCs
and does not relate to the migratory function of these cells.

T cells from lung filtrate are derived mostly from current or ex-smokers with lung cancer, and
we cannot completely discount the possibility that our findings are influenced by this. However,
expression of both the activation markers CD49a and CD103, as well as the majority of CRs
studied are similar in BAL T cells from normal volunteers which makes this possibility less
likely although we have not performed the same subset analysis on BAL cells due to paucity
of cell numbers (data not shown). Additionally, Ancochea et al. (1993) have reported similar
expression values for CD69 in BAL from healthy controls compared to our results from lung
filtrate T cells. The absence of naïve (CD45RA+ or CD45RO−) T cells from these lung
preparations strongly suggests that contamination from peripheral blood during the preparation
of the sample is insignificant. Lastly the CD69– population appear phenotypically more similar
to the cells expressing activation markers than peripheral blood T cells in terms of their
expression of both IFNγ and other chemokine receptors.

In summary, therefore, we have shown that lung T cells with an ‘activated’ phenotype are much
more likely to express CXCR6 compared with cells with a ‘non-activated phenotype’. We
propose that CXCR6, together with its ligand CXCL16, play an important role in the retention
of antigen stimulated T cells within the lung mucosa.
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Fig. 1.
Flow cytometry data showing the percentage of CD3+ cells expressing each of the receptors
CD69, CD49a and CD103 in lung filtrate samples. Cells were indirectly labelled with the
activation markers and directly labelled with CD3PerCP and CD8PE as indicated in the
methods section (n = 8). Subject numbers 1–8 were used for these experiments.
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Fig. 2.
(A) Example of three colour flow cytometry dot plots from two separate experiments showing
the typical co-expression patterns of the three activation markers studied. All plots are gated
on live lymphocytes by forward/side scatter and then on CD3+ cells. (B) Schematic diagram
showing the potential combinations of activation marker expression on individual T cells
according to the results of three colour flow cytometry experiments. Phenotypes which appear
not to exist are crossed out, for other phenotypes where possible, an estimate as to the percent
of cells falling into this phenotypic group are denoted by the figure inside the cell.
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Fig. 3.
(A) Flow cytometry data showing the percent of CD103+ cells (‘activated’) and CD69– cells
(‘unactivated’) secreting IFNγ after stimulation for 4 h with PMA/ionomycin. Cells were
indirectly labelled with either CD69 and CD103 followed after stimulation by CD3 PerCP.
They were then permeabilised before staining for IFNγ as indicated in the methods. Mean
values represented by horizontal bars (n = 11) (subjects 1–4 and 6–12 were used for these
experiments). Significantly more ‘activated’ than ‘unactivated’ cells produced IFNγ (p<0.4).
(B) Five colour flow cytometry data showing the percentages of T cells lying within
intermediate populations secreting IFNγ after stimulation for 4 h with PMA/ionomycin, n = 4
(subjects 9–12 were used for these experiments). Staining was undertaken as described in the
methods. IFNγ production correlated with the number of activation receptors expressed; p
value by paired t test.
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Fig. 4.
Flow cytometry data showing the expression of each CR studied on T cells from lung filtrate.
Mean values are represented by a bar. Cells were stained indirectly with the chemokine receptor
antibody followed by staining with directly conjugated CD3 PerCP and either CD69 PE or
CD103 PE. The percent expression was subtracted from the isotype control (n = 6). Subjects
numbers 15–24 were used for these experiments. Subjects 15–20 were used for the majority
of the data and subjects 21–24 were used for the additional data on CXCR6.
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Fig. 5.
Flow cytometry data showing the expression of CCR5 (A) (subjects 15, 16, 17, 19, 20, 21),
CXCR3 (B) (subjects 15–21) and CXCR6 (C) (subjects 15–24) in CD69– cells (‘unactivated’)
and CD103+ cells (‘activated’). Cells were stained as in Fig. 4. Mean values are represented
by a bar.
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Fig. 6.
Five colour flow cytometry data showing the percentage of T cells expressing different
combinations of activation markers and their expression of CXCR6 in five separate
experiments. Cells were stained with unlabelled primary CXCR6 antibody followed by
biotinylated goat anti-mouse secondary antibody and a further staining step using streptavidin
conjugated PECy7 together with the directly labelled antibodies (CD103 FITC, CD49a PE,
CD3 EDC, and CD8 APCCy7). Significant differences are represented on the graph (subjects
9–12 and 14 were used for these experiments).
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Table 1

Isotype Final concentration (mg/ml)a Supplier Clone

CCR
 1 IgG2b 20 R&D 53504.111
 2 IgG2b 20 R&D 48607.121
 3 IgG2a 6.35 Millenium 7B11
 4 IgG1 9 Millenium 1G1
 5 IgG2a 10 BD Pharmingen 2D7/CCR5
 6 IgG2b 5 R&D 53103.111
 7 IgG2b 8.9 Millenium 7H12- (12-2) lot
 9 IgG2a 11 Millenium GPR-96-1
 10 IgG2a 10 Millenium IB 508070 Pool#1

F13-20
 CXCR1 IgG2a 10 R&D 42705.111
 CXCR2 IgG2a 10 R&D 48311.211
 CXCR3 IgG1 10 R&D 49801.111
 CXCR4 IgG2b 10 R&D 44716.111
 CXCR6 IgG2b 10 R&D 56811
Cytokine
 IFN PE IgG1 4 BD Pharmingen B27
Surface marker
 CD3PerCP IgG1 1.25 BD SK-7
 CD3 ECD IgG1 1:32 dilution Immunotech UCHT1
 CD8 PE IgG1 5 DAKO DK25
 CD8 APC Cy7 IgG2a 1:32 dilution Caltag 3B5
Activation marker
 CD69 IgG1 22.5 DAKO FN50
 CD69PE IgG1 10 DAKO FN50
 CD69 APC IgG1 1:4 dilution BD Pharmingen FN50
 CD49 IgG1 1:50 dilution BD SR84
 CD49aPE IgG1 1:8 dilution BD Pharmingen SR84
 CD103 IgG1 9.5 DAKO Ber-ACT8
 CD103PE IgG1 10 DAKO Ber-ACT8
 CD103 FITC IgG2a 1:16 dilution Immunotech 2G5
Controls
 MoIgG PerCP IgG1 b BD X40
 MoIgGPE IgG1 b DAKO DAK-GO1
 MoIgGFITC IgG1 b DAKO DAK-GO1
 IgG1 IgG1 b DAKO DAK-GO1
 IgG2a IgG2a b DAKO DAK-GO5
 IgG2b IgG2b b DAKO DAK-GO9

BD Pharmingen, Oxford, UK; Caltag Laboratories, California, USA; DAKO Cytomation, Cambs, UK; Immunotech, Marseille, France; R&D Abingdon,
UK.

a
Where concentration not available, dilution factor of reagent used is given.

b
Concentration of isotype control used equivalent to the primary antibody used.
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