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Abstract
BACKGROUND—Recent reports have shown that the HNA-3a leukocyte antigen, a target for
antibodies that cause severe transfusion-related acute lung injury, correlates with an arginine 154
(rather than glutamine) polymorphism in choline transporter–like protein 2 (CTL2) but did not
show directly that R154 determines HNA-3a. CTL2 peptides containing R154 are recognized by
only half of HNA-3a antibodies studied to date. Constructs that react with all HNA-3a antibodies
are needed to fully define the HNA-3a epitope.

STUDY DESIGN AND METHODS—HEK293 cells were transfected with cDNA encoding full-
length CTL2 linked to green fluorescent protein (GFP). Transfectants were selected for GFP
expression and tested with antibodies specific for HNA-3a and -3b.

RESULTS—Each of 20 HNA-3a antibodies reacted preferentially with HEK293 cells expressing
the R154 CTL2 construct. An HNA-3b antibody reacted only with CTL2 (Q154).

CONCLUSIONS—These findings provide direct evidence that R154 in the context of full-length
CTL2 is both necessary and sufficient to create the HNA-3a epitope but suggest that
posttranslational modifications of the protein, for example, S–S bonds or addition of glycans, are
necessary for recognition of HNA-3a by many antibodies. This could complicate development of
an assay for large-scale screening of blood donors to detect anti-HNA-3a.

Antibodies specific for the leukocyte antigen HNA-3a are prone to cause severe, often fatal,
transfusion-related acute lung injury (TRALI)1,2 when transfused with blood products.3–5

Unfortunately, it has not been practical to test blood donors routinely for antibodies
recognizing this antigen because it was thought to be specific for neutrophils, a cell difficult
to use for donor screening, and the protein carrier for the antigen was unknown. Recently,
two groups independently showed that the HNA-3a/b antigens are carried on choline-
transporter–like protein 2 (CTL2), are expressed on lymphocytes and platelets in addition to
neutrophils, and appear to be determined by a single nucleotide substitution in the CTL2
gene predicted to encode an arginine-glutamine polymorphism at CTL2 amino acid residue
154.6,7
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Identification of the carrier protein for HNA-3a/b suggests new approaches toward
developing assays to screen blood donors for the corresponding antibodies on a large scale.
However, the 66-kDa CTL2 protein is predicted to span the cell membrane 10 times and to
possess five extracellular loops.8 Owing to this complex structure, intact CTL2 is unlikely to
lend itself to detergent solublization, purification, and immobilization to create a target
suitable for antibody detection. As an alternative, we previously synthesized various CTL2
peptides containing R154 or Q154 and studied their reactions with anti-HNA-3a. The most
satisfactory peptide proved to be a 36-mer (D131-K166) containing R154, but it was
recognized in preference to the Q154 version by only 10 of 20 HNA-3a antibodies.9

Berthold and colleagues10 produced CTL2 fragments as GST fusion proteins in Escherichia
coli and studied their reactions with anti-HNA-3a in Western blotting. None of the peptides
possessing R154 was recognized in preference to its Q154 counterpart by more than 9 of 21
examples of anti-HNA-3a.10 To examine whether a larger recombinant version of CTL2
would mimic the native protein structure sufficiently well to react with all examples of anti-
HNA-3a, we expressed the two alleles (R/Q154) of full-length CTL2 in HEK293 cells and
studied their reactions with a panel of HNA-3a–specific antibodies.

MATERIALS AND METHODS
Expression of CTL2-green fluorescent protein in HEK293 cells

cDNA corresponding to full-length CTL2 isoform p211 was a gift from Dr T. Carey
(University of Michigan, Ann Arbor, MI). This cDNA, coding for CTL2 (R154), was
subcloned into expression vector pcDNA3.1/CT-GFP-TOPO (Invitrogen, Carslbad, CA).
cDNA encoding Q154 was produced with a site-directed mutagenesis kit (Quickchange II
XL, Agilent Technologies, Inc., Carlsbad, CA). cDNAs encoding the two versions of CTL2
were transfected into HEK293 cells using transfection reagent (Fugene HD, Roche, Atlanta,
GA). Stable cell lines were selected using Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal bovine serum, 2 mg/mL G418, and 25 μg/mL gentamicin
sulfate. Cells were selected for green fluorescent protein (GFP) expression using a cell sorter
(BD FACS Aria IIu, BD Bioscience, San Jose, CA). Cells enriched for GFP were then
cloned by limiting dilution to obtain monoclonal cell lines expressing high levels of HNA-3a
or HNA-3b antigen.

Confocal microscopy
Cells were allowed to adhere to tissue culture grade plastic overnight. After being washed
two times with phosphate-buffered saline, cells were examined on a multiphoton laser
scanning microscope (Olympus Fluoview FV1000 MPE, Olympus America, Center Valley,
PA) using a 40× immersion lense with a multi argon 488 laser. Images were generated with
the accompanying software (FV10-ASW v3.1c, Olympus America).

Flow cytometry
Cell lines were harvested on the day of experiment by treatment with 0.05% trypsin/0.53
mmol/L ethylenedi-aminetetraacetate in Hanks’ balanced salt solution and washed twice in
3% bovine serum albumin phosphate-buffered saline solution. Forty microliters of a 5 × 103/
μL suspension of HEK293 cells was added to microtiter plate wells. Ten microliters of
normal or test plasma was added to each well and incubated for 1 hour at room temperature.
The cells were then washed twice in buffer and resuspended in 50 μL of a 1:200 dilution of
allophycocyanin-conjugated F(ab′)2 goat anti-human IgG solution (Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA) for 45 minutes at room temperature.
After being washed, bound secondary antibody was detected using a flow cytometer (LSRII,
BD Biosciences, San Jose, CA).
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Antibodies
HNA-3a antibodies were from blood donors implicated in TRALI cases that were referred to
the Platelet and Neutrophil Immunology Laboratory of the BloodCenter of Wisconsin for
evaluation. Other samples were gifts from GTI Diagnostics, Inc. (Brookfield, WI); the
American Red Cross (St Paul, MN); and Dr Patricia Kopko (Sacramento, CA). Studies to
confirm specificity of these antibodies were described previously.9 The single example of
anti-HNA-3b was a residual serum sample from the 2011 International Neutrophil
Immunology workshop sponsored by the XIth European Platelet and Neutrophil
Immunology Congress, 2010.

Statistical analysis
Differences of median values were analyzed in computer spreadsheet software (Excel,
Microsoft Corp., Redmond, WA) using a paired t test with a two-tailed distribution.

RESULTS
HNA-3a and -3b antigens were strongly expressed by transfected HEK293 cells

Figures 1A and 1B show that both versions of CTL2-GFP (R154, Q154) were strongly
expressed in the selected cell lines. GFP was distributed throughout the plasma membrane,
with aggregates apparent in some areas. As shown in Fig. 1C, a representative anti-HNA-3a
reacted strongly with cells transfected with CTL2 (R154) but not with cells transfected with
CTL2 (Q154). Only a single example of anti-HNA-3b was available for testing. As shown in
Fig. 1D, this antibody recognized cells transfected with CTL2 (Q154) but not those
transfected with CTL2 (R154). Sequencing studies showed that the CTL2 gene naturally
present in HEK293 cells encoded HNA-3a/a. However, the signals produced by
nontransfected cells incubated with anti-HNA-3a or with normal serum were
indistinguishable, indicating that the cells used for transfection naturally express little or no
membrane CTL2.

From a comparison of median fluorescence intensity signals obtained when anti-HNA-3a at
various dilutions was incubated with HEK293 cells transfected with CTL2 (R154) and with
T cells from a donor homozygous for HNA-3a, membrane expression of CTL2 on the
transfected cells was judged to be comparable to that found normally on T cells (data not
shown).

Cells transfected with CTL2 (R154) were preferentially recognized by each of 20 HNA-3a
antibodies

Reactions of 20 different examples of anti-HNA-3a obtained from donors whose transfused
blood was implicated as a cause of TRALI with the two cell lines are summarized in Fig. 2
where it can be seen that reactions of each antibody against cells expressing CTL2 (R154)
were significantly stronger than those against cells expressing CTL2 (Q154). In contrast, an
HNA-3b–specific antibody preferentially recognized CTL2 (Q154).

DISCUSSION
Genotyping studies have shown that R154 and Q154 of CLTL2 correlate perfectly with the
HNA-3a–positive and -negative phenotypes, respectively,6,7,12 but did not rule out the
possibility that antigen expression is influenced by other CTL2 polymorphisms or by
posttranslational modifications of the protein. Our finding that each of 20 HNA-3a
antibodies distinguished clearly between recombinant CTL2 constructs identical except for
the R/Q154 polymorphism provides direct evidence that R154 in the context of CTL2 is
both necessary and sufficient to create the HNA-3a epitope.

Kanack et al. Page 3

Transfusion. Author manuscript; available in PMC 2013 February 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Mutations other than the R/Q mutation at Position 154 that correlates with HNA-3a/b
antigen expression that predict amino acid substitutions at Positions 98 and 215 of the first
extracellular loop of human CTL2, Position 413 of the third loop, and Positions 589 and 593
of the fifth loop are registered in the human genome SNP database and could conceivably
influence binding of some HNA-3a or HNA-3b antibodies.13 However, none of these
mutations was present in the CTL2 cDNA used for our transfections and none were
identified in a recent study by Flesch and colleagues14 in which CTL2 cDNA was sequenced
in 67 unrelated normal subjects. However, Flesch and colleagues did find undescribed
mutations predicting an amino acid switch (153Leu>Phe) in the mature protein in two
donors and one predicting a 301Thr>Met switch in a third.14 The former mutation appeared
to affect binding of a minority of HNA-3a antibodies as judged by absent or decreased
agglutination of neutrophils carrying CTL2 (Phe153).

The HEK293 transfectants appear to be highly specific and sensitive for antibody detection,
considering that, to conserve material, only 10 μL of serum was used to obtain data shown
in Fig. 2. We are currently examining whether transfected HEK293 cells can be stabilized
with fixative for long-term storage and used to screen blood donors for anti-HNA-3a/b on a
large scale. However, a recombinant CTL2 fragment sufficiently large to mimic the
HNA-3a/b antigens as they exist naturally on blood cells could be adapted to a solid-phase
assay and would be much more satisfactory for this purpose. The R/Q154 polymorphism
that governs HNA-3a/b antigen expression is located in the first and largest extracellular
loop of CTL2, comprising Amino Acid Residues 55 through 231.6–8 Failure of the CTL2
D131-K166 peptide to detect approximately 50% of HNA-3a antibodies9 suggests that some
antibodies require additional CTL2 amino acid residues for high affinity binding. It is
possible therefore that a larger recombinant fragment of the first loop, or perhaps the entire
loop will be suitable for detection of all antibodies. However, this loop contains eight
cysteines,8 at least some of which are probably disulfide-linked8; correct linkage of some of
these disulfides may be necessary for certain examples of anti-HNA-3a to bind.9 Moreover,
asparagine residues at Positions 187 and 200 are predicted to be glycosylated8 and could be
required by some examples of anti-HNA-3a, as has been demonstrated for antibodies
recognizing several other blood group antigens encoded by amino acid polymorphisms.15–19

We have not yet confirmed whether the full-length CTL2 isomers studied here (Fig. 2) are
glycosylated but a recent report by Kommareddi and colleagues11 indicates that HEK293
cells do glycoslylate transfected CTL2. If correct disulfide linkages and/or glycosylation
events in CTL2 are essential for detection of some HNA-3 antibodies, expression of a
recombinant CTL2 fragment suitable for large-scale antibody screening is likely to be
challenging.
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Fig. 1.
Stable expression of recombinant CTL2-GFP (HNA-3a/b-R/Q154) on HEK293 cells. (A and
B) Laser-scanning confocal microscopic image of transfected HEK293 cells expressing
CTL2 (R154) (A) and CTL2 (Q154) (B) selected for high expression of GFP-linked protein.
(C) Cells expressing CTL2 (R154) were recognized by a patient antibody specific for
HNA-3a, but not by one specific for HNA-3b. (D) Cells expressing CTL2 (Q154) were
recognized by anti-HNA-3b, but not by anti-HNA-3a. Reactions against nontransfected
HEK293 were identical to those lacking the antigens for which antibodies used in testing
were specific (not shown).
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Fig. 2.
Reactions of HNA-3a and HNA-3b antibodies with HEK293 cells expressing recombinant
CTL2. Studies were done using flow cytometry and 10 μL of serum containing HNA-3a
antibodies from 20 blood donors implicated in TRALI reactions (designated 1–20) and one
patient with an HNA-3b antibody (designated 3b). HNA-3a antibodies were tested in
triplicate and the HNA-3b antibody was tested in duplicate. Each of the 20 HNA-3a
antibodies reacted preferentially with cells expressing CTL2 (R154) (dark bars) and the
single example of anti-HNA-3b reacted preferentially with CTL2 (Q154) (light bars). N’Ave
= reactions of four unselected normal sera. Results shown are the median ± 1.0 SD.
Significance of the differences observed (R154 vs. Q154) is indicated as *p < 0.05, **p <
0.01, and ***p < 0.001.
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