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Summary

Quantitative assessment of immunogen-specific T cell responses may provide a meaningful
surrogate marker of functional immunity in patients following haemopoietic stem cell
transplantation (HSCT). We developed a flowcytometric assay to quantify antigen-specific T cell
immunity to influenza-A and studied the T cell response to influenza vaccination in five children,
3-21 months post-HSCT. All patients showed an increase in influenza-A-specific CD4* immunity
following vaccination while none had a detectable 1gG response to the vaccine. This assay proved
sufficiently sensitive to evaluate changes in T cell memory in immunocompromised individuals
and could be used to better characterize post-HSCT immune reconstitution.
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Impaired immunity to infectious organisms contributes to the poor outcome after
haemopoietic stem cell transplantation (HSCT) (Ochs et al, 1995; Chakrabarti et al, 2002;
Martelli & Reisner, 2002; Veys et al, 2003). Vaccination has been used to improve immune
function but the optimal vaccination strategy has not been identified and little attention has
been directed at assessing the T cell response to vaccines (Avigan et al, 2001).

We describe here a sensitive technique for quantifying and characterizing antigen-specific T
cells that was used to measure T cell immunity to influenza A in normal adults and children,
and influenza vaccination response in paediatric HSCT patients.
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Study design and patients

Patients, donors and vaccination

The response to influenza vaccination was studied in five paediatric HSCT patients (Table I)
who had received a single, 0.5 ml intramuscular injection of Fluzone-R influenza virus
vaccine (Aventis-Pasteur; 2003-2004). Blood samples were collected before and 6 weeks
post-vaccination. Peripheral blood mononuclear cells (PBMC) from control healthy adult
and paediatric donors were obtained from the Dana—Farber Cancer Institute (DFCI) and
Children's Hospital respectively. The Institutional Review Board of the Children's Hospital
or DFCI approved all clinical studies.

Reagents and flow cytometry

CFSE assay

Antibodies were from Immunotech/Beckman-Coulter (Miami, FL, USA) and
carboxyfluorescein diacetate, succinimidyl ester (CFSE) from Molecular Probes (Eugene,
OR, USA). Ficolled PBMC were stained with antibodies and/or tetramers as described (Day
et al, 2003). DR4 tetramers were loaded with the HA 306-318 peptide (HA306). Five-
colour flow cytometry/sorting was performed using FC500 or Epics Altra cytometers
(Beckman-Coulter, Miami, FL, USA).

Ficolled PBMC were stained with CFSE (0.2 uM) for 5 min at 37°C and plated in 96-well
round-bottomed plates at 2 x 10° cells/well in Roswell Park Memorial Institute (RPMI)
medium (supplemented 10% v/v human AB serum, .-glutamine and HEPES), together with
influenza-A antigen (irradiated lysates of a cell line infected with influenza A Texas 1/77
strain, H3N2 serotype), cytomegalovirus (CMV) antigen (from Microbix, Toronto, Canada)
or tetanus toxoid (Calbiochem, San Diego, CA, USA). Cells were incubated at 37°C for 7 d,
before being washed and stained with antibodies and/or tetramers as described (Day et al,
2003). Proliferation was detected by loss of CFSE fluorescence (Mannering et al, 2003).
Staining with HLA-DR provided a second parameter of activation. Replicate experiments (n
= 8) yielded a mean inter-experiment co-efficient of variation of 12.6% for CD8" and 14.7%
for CD4* proliferation (data not shown). Sorted CFSE-labelled CD4 cells were cultured at a
ratio of 10:1 with autologous plastic-adherent monocytes with or without antigen.

Influenza-A enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assays (ELISAS) for influenza-A 1gG and IgM were
performed using kits from IBL-America (Minneapolis, MN, USA) according to the
manufacturer's instructions.

Statistical analysis

Pre-post-vaccine comparisons were done using a Wilcoxon signed rank test. Statistical
significance was set at the a = 0.05 level.
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Results and discussion

CFSE dim (i.e. proliferating)/activated T cells could be readily detected in PBMC from
healthy adult (n = 4) and paediatric (n = 19) donors stimulated with influenza-A antigen
(representative donor shown in Fig 1A). Both CD4* (median 4.3%, range 0-32.5%) and
CD8* (median 2.14%, range 0-31.2%) T cell proliferation was detected in all donors but
one, and in children as young as 6 months of age (data not shown), consistent with the high
prevalence of influenza-A exposure. There was no change in T cell response with age (Rs =
0.14, P = 0.56), suggesting that the frequencies of T cells that are specific for influenza A
are comparable in children and adults. Simultaneous staining with major histocompatibility
complex MHC I- (Fig 1B) and MHC lli-tetramers (Fig 1C) confirmed that the CFSE-dim/
active population contained T cells that were specific for at least two immunodominant
CD8* and CD4" epitopes, and that protein antigens contained in the viral lysates were
processed and presented to epitope-specific T cells. While virtually all tetramer* cells had a
CFSE-dim/activated phenotype after stimulation, they comprised a minority of the total
proliferating/activated population (Fig 1B and C), consistent with the fact that these two
epitopes represent only a fraction of all epitopes eliciting a T cell response (Danke & Kwok,
2003). Although it is likely that the CFSE-dim/active population also contained non-antigen-
specific "by-stander' T cells, the tetramer analysis suggested that the assay sensitively
detected influenza-A-specific T cells.

To address whether the antigen-specific T cell proliferation originated from the memory T
cell pool, we separated memory and naive CD4™ cells prior to antigen-stimulation. Cells
responsive to antigen had an antigen-experienced (CD45RA™/CCR77), but not naive
(CD45RA*/CCRT), phenotype (Fig 1D), confirming that the assay detected pre-existing
influenza-A—specific T cell memory, and that antigen-stimulation did not have a generalized
mitogenic effect (Seder & Ahmed, 2003).

We next used the assay to assess Influenza-A—specific T cell immunity before and after
influenza vaccination in five paediatric HSCT recipients (representative patient shown in Fig
1E). Prior to vaccination, the CD4 proliferation to influenza-A was a mean of 3.3% (range
0.04-11%) (Fig 1F). Following vaccination, CD4 proliferation increased in all patients (to
mean 19.0%, range 6.9-31.8%, P = 0.02). This increase was specific as the proliferation to
control antigens (CMV and tetanus) was unchanged (Fig 1F). Influenza-A CD8*
proliferation also increased in three of five patients but was not statistically significant for
the group (data not shown), consistent with the limited efficacy of soluble vaccine antigens
in inducing CD8* T cell response (Haining et al, 2004).

All patients had detectable influenza-A-specific 1gG levels prior to vaccination, reflecting
pre-existing or passively transferred immunity and no significant change in 1gG levels was
detected following vaccination (P = 0.26; data not shown). IgM levels remained negative in
four of five patients after vaccination (data not shown). Only one patient had an IgM
response; this patient also had the highest influenza-A-specific CD4 proliferation before and
after immunization (11% pre and 32% post). Our data suggest that cellular response may be
a more sensitive measure of vaccine-elicited immunity than antibody levels in
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immunocompromised individuals, and offer a method of characterizing the relationship
between T and B cell response to vaccination.

We demonstrated the use of a sensitive and precise assay for measuring T cell response to
whole antigens that does not require knowledge of immunogenic epitopes or their human
leucocyte antigen (HLA)-restriction, and is sufficiently sensitive to detect changes in
antigen-specific T cell frequency following influenza vaccination in HSCT patients. This
functional read-out of antigen-specific T cells can define T cell subsets capable of
responding, and will enable detailed examination of T cell immunity to pathogens and
vaccines in HSCT patients (Danke & Kwok, 2003). This in turn may improve the
assessment of new strategies to accelerate post-HSCT immune reconstitution and facilitate
the study of T cell memory in humans.
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Fig 1.

E\?aluating T cell immunity to influenza-A in healthy donors and HSCT patients. (A) CFSE-
labelled PBMC from a representative healthy donor cultured in the absence (left) or
presence (right) of influenza-A antigen (7 pg/ml) for 7 d. Plots are gated on CD8* cells, and
percentages refer to frequency of proliferating/activated T cells detected by loss of CFSE
fluorescence and gain of HLA-DR expression. (B) CFSE-labelled PBMC from an HLA-
A*0201 donor cultured as in A and stained with HLA-A*0201-MPsg tetramer. Plots are
gated on CD8 and numbers refer to the percentage of CD8* cells in the quadrants shown.
(C) CFSE-labelled PBMC from an HLA-DR*0401 donor cultured in the absence (left) or
presence (right) of influenza-A antigen (7 ug/ml) for 7 d. Interleukin 2 (IL2) (5 U/ml) was
added on day 3 of culture. Cells were stained with HLA-DR*0401-HAz3qg tetramer. Plots are
gated on CD4 and numbers refer to the percentage of CD4™* cells in the quadrants shown.
(D) CD4" cells from an influenza-A responding healthy donor were sorted based on
expression of the markers shown and cultured with autologous monocytes pulsed with
influenza-A antigen. Proliferation is expressed as a percentage of the maximum proliferation
seen in the total CD4* population. Proliferation of sorted populations with unpulsed
monocytes was <0.1%. (E) CFSE-labelled PBMC from UPN 01 cultured with influenza-A
before (left) or after (right) influenza vaccination. Plots are gated on CD4* lymphocytes. (F)
PBMC from patients obtained pre- or post-influenza vaccination were CFSE-labelled and
cultured with influenza-A (left), CMV (middle) or tetanus (right) antigen for 7 d. Graphs
depict the percentage of CD4* cells that were CFSE dim and HLA-DR™ following
stimulation with antigen (values for UPN 01 are shown as red circles; UPN 02, green; UPN
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03, blue; UPN 04, purple; UPN 05, black). Proliferation in control conditions was <0.3%
and subtracted from the corresponding value for antigen-specific proliferation.
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