Clinical and Experimental Allergy, 1999, Volume 29, pages 1155-1157

EDITORIAL

Cloning T cells from sites of allergic inflammation

Anyone who has ever dabbled in T-cell cloning will
recognize the technical merits of the paper by Calder e al.
in this month’s issue of Clinical and Experimental Allergy
[1]. T-cell cloning techniques were first developed in the
late 1970s and were initially applied to cell populations that
had been activated by stimulation in vitro with various
mitogens [2]. These techniques relied upon the use of
polyclonal mitogens and appropriate T-cell growth factors
now known to be IL-2. Soon it became clear that under
appropriate conditions, every human peripheral blood T cell
could be cloned [3]. This universal clonogenic potential was
demonstrated by limiting dilution analysis, which has
proved a useful tool for analysing the cellular immune
response in man [4]. Limiting dilution makes it possible
to assess precursor frequency within cell populations and
has been used to show that individuals with skin test
reactivity to house dust mite have about four times as
many T cells recognizing house dust mite as those who
are asymptomatic [5]. When T cells are expanded by
polyclonal activation prior to limiting dilution analysis, it
is no longer possible to assess the precursor frequency but
useful information can nevertheless be obtained concerning
antigenic specificity and activation requirements in different
compartments [6].

In the early 1990s evidence started to appear supporting
the concept that functionally distinct T-cell subsets existed
in man, just as had been previously demonstrated in the
mouse [7]. Firstly, differential cytokine secretion was
shown in panels of house dust mite-specific T-cell clones
that were generated from two patients with mite allergy, one
of whom had severe atopic dermatitis and the other of whom
had allergic asthma. All the house dust mite-specific T-cell
clones from the atopic donor produced IL-4 but not IFNvy,
whereas the house dust mite-specific clones from the non-
atopic control subject all produced IFN+y but minimal
quantities of IL-4. In all three donors, clones which recog-
nized tetanus toxoid or Candida albicans showed a TH1-
pattern with production of IFN+y but little or no IL-4. The
IL-4-producing house dust mite-specific clones supported
IgE production in vitro, whereas the house dust mite-
specific clones from the nonatopic donor did not [8].
While these clones fell into a broad TH1-TH2 spectrum,
the distinction between the two poles of the spectrum was
much less than that seen in murine experiments [9]. Shortly
afterwards Maggi et al. reported increased proportions
of TH2-like cells in the conjunctiva of patients with
vernal conjunctivitis [10], demonstrating the importance
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of studying the site of allergic inflammation rather than
relying on a remote compartment such as peripheral blood.

Around the same time, several groups attempted to derive
T-cell clones from asthmatic airways. The methods used to
clone airways T cells varied between each group and this
has hampered our ability to interpret and compare the
studies. Hol et al. obtained BAL cells 6h after allergen
inhalation, sorted T cells by flow cytometry and then cloned
the T cells directly by limiting dilution with a polyclonal
mitogen (PHA) but no exogenous IL-2. The cloning effi-
ciency (the proportion of T cells that were capable of
growing) was substantially less than that seen with peri-
pheral blood T cells and the cloning conditions generated
both CD4 and CD8 clones. A wide variety of cytokine
phenotypes was seen amongst the various clones [11]. Pene
et al. cloned T cells from bronchial biopsies rather than
BAL. However, they cultured the bronchial biopsies in the
presence of relevant allergens IL-2, IL-4 and irradiated
feeder cells for 20 days before they performed a limiting
dilution analysis [12]. Following limiting dilution, the
T cells were stimulated with IL-2 and polyclonal mitogen
(PHA). This cloning method was more efficient (cloning
efficiency 11-39% in three subjects) but of course the
composition of the T-cell population had been altered by
the initial culture period. A total of 120 clones was obtained
which varied in their cytokine profile but in the majority of
the clones IFNvy predominated over IL-4. Maestrelli et al.
cultured bronchial biopsies obtained from two patients with
occupational asthma due to toluene diisocyanate. These
patients had undergone allergen provocation prior to
bronchoscopy. The biopsies were subjected to an initial
bulk culture with IL-2 but no mitogen or antigen, prior to the
limiting dilution analysis. In both cases, over 80% of clones
were CDS. All the CDS clones produced IFN+y with 43% of
the clones also producing IL-5 but only 12% producing any
detectablelL-4. Three months after cessation of exposure to
isocyanates, no T-cell clones could be obtained from the
same patients using the same methodology [13]. In our own
studies, we performed BAL before and after segmental
allergen challenge and then cloned T cells by limiting
dilution without an initial bulk culture. This method had
a very low cloning efficiency (averaging 2%) but panels
of T-cell clones were obtained which demonstrated basal
production of the cytokines IFNy, TNFeq, IL-13 and
GMCSF. Twenty-four hours after local allergen challenge,
the clonable T cells showed a shift in cytokine repertoire
towards a TH2-like pattern with less mRNA for TNF«a or
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IFN~ and increased expression of IL-3, IL-4 and IL-5. There
was wide variation in the amount of IL-4 produced by the
cloned T cells [14].

As will be clear from the publication details of these
studies and the lack of subsequent work in this area, it was a
difficult area to work in and it was difficult to get the
information published. This is largely because of concerns
that have arisen regarding the possible influence of culture
conditions on the eventual phenotype of the T-cell clone.
Firstly, T cells that are not capable of proliferating will
not be included in the eventual analysis. This becomes an
increasing problem as the cloning efficiency drops. Second,
particular T-cell subtypes may proliferate better in the
presence of certain cytokines. Thus TH2 cells grow better
in the presence of IL-4 and IL-10 while the growth of TH1-
type cells is enhanced by the presence of IL-2, IL-12 and
IFN~ [15]. Moreover, single, pluripotential T cells may be
biased towards the TH1 or TH2 phenotype by culture
conditions. In this context, IL.-4 encourages differentiation
towards TH2 and TGF@ seems important in differentiation
towards a TH1 pattern [16]. Development towards the TH2
phenotype can also be encouraged by ligation of CD28 in
the presence of IL-2 [17]. Similarly, the proportion of
IL-10-producing cells is very sensitive to the IL-2/IL-4
balance in the culture medium [18]. The fact that functional
heterogeneity can still be observed in T-cell clones after 6—8
weeks’ culture is encouraging but does not prove that the
phenotype seen in vitro after cloning is necessarily the same
as the phenotype of the cell at the time it was obtained from
the subject. Thirdly, there is evidence that only a modest
proportion of T cells in blood and in the lung are specific to
allergens such as house dust mite [4].

Finally, T-cell cloning has always been most appropriate
to analyse those questions which require a clonal population
of T cells. These include estimations of precursor frequency,
detailed analysis of antigen specificity and T-cell recogni-
tion requirements, and analysis of activation and functional
inactivation by allergen or by incomplete peptide ligands
[19,20]. For other purposes, T-cell cloning has largely been
superseded by other techniques such as intracellular cyto-
kine staining [21,22], ELISA spot techniques and for some
questions transgenic and knockout models may be more
appropriate.

Against this background, Calder et al. [1] have provided
some very useful information on the functional phenotype
of conjunctival T cells in chronic allergic eye disease. T cells
were isolated from conjunctival biopsies and non-specifically
expanded into T-cell lines. After four to six cycles of
stimulation, mixed CD4 and CDS8 populations were
obtained and analysed. Marked differences were observed
in the T-cell lines derived from patients with atopic kerato-
conjunctivitis as opposed to vernal keratoconjunctivitis. The
atopic group showed selective increases in IFN+y, IL-10 and

IL-13, whereas the vernal group showed IL-5 protein as well
as IL-4 mRNA. This paper is useful in demonstrating a
practical intermediate technology solution to the problems
associated with T-cell cloning. Some problems are evident,
for example the mixed CD4/CD8 populations raise some
questions of interpretation since the two cell types may
interact and lead to a different type of cytokine expression
than would be seen from the two groups of cells grown
independently. Of course in vivo, both cell types are present,
although the degree to which they interact with each other
depends on the spatial geography of the inflamed tissue as
well as the relative stimulation requirements of the two cell
types. When faced with such a paper, it is easy to make dry
criticism of the methodology and applicability of the results.
While such criticism is valid up to a point, this should not
constitute a barrier to publication. The information yielded
from such work is important and deserves to see the light of
day. Working in human systems, especially the eyes, will
always present ethical and practical difficulties and experi-
mental studies are bound to be flawed in some respect or
other. The appropriate policy for reviewers is to put the data
forward and allow scientists and clinicians to use their
judgement in interpreting the studies and in placing them
in the context of other work.
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