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Abstract
Large granular lymphocyte (LGL) leukemia characterized by clonal expansion of antigen-
activated cytotoxic T cells (CTL). Patients frequently exhibit seroreactivity against a human T-cell
leukemia virus (HTLV) epitope, BA21. Aplastic anemia, paroxysmal nocturnal hemoglobinuria
and myelodysplastic syndrome are bone marrow failure diseases that can also be associated with
similar aberrant CTL activation (LGL-BMF). We identified a BA21 peptide that was specifically
reactive with LGL leukemia sera and found significantly elevated antibody reactivity against the
same peptide in LGL-BMF sera. This finding of shared seroreactivity in LGL-BMF conditions
and LGL leukemia suggests that these diseases might share a common pathogenesis.

Keywords
LGL leukemia; aplastic anemia; myelodysplastic syndrome; paroxysmal nocturnal
hemoglobinuria; HTLV antibody

1. Introduction
The Bone Marrow Failure Disease Consortium (BMFDC) of the Rare Diseases Clinical
Research Network was organized with National Institutes of Health support to study rare
hematologic diseases, including LGL leukemia, myelodysplastic syndromes (MDS), aplastic
anemia (AA), and paroxysmal nocturnal hemoglobinuria (PNH). Extensive data support the
antigen activated nature of leukemia LGL cells [1]. T-LGL leukemia has been characterized
as an accumulation of apoptosis resistant effector memory cytotoxic T lymphocytes (CTL)
that constitutively express perforin and other markers of activated killer cells [1–3]. Like
LGL leukemia, expansions of effector memory CTL have been noted in these other
hematologic diseases [4–8]. However, T-LGL leukemia cells are typically
CD3+CD8+CD57+DR+, with clonal rearrangement of the T cell receptor (TCR), whereas
the CTL clones in these marrow failure diseases are less prominent and often oligoclonal [4–
9]. It has been postulated that exposure to infectious agents might lead to CTL expansion in
LGL leukemia, although the actual target recognized by these activated CTL has not been
characterized [4, 10].

There are some reports of LGL leukemia developing in retrovirally-infected individuals [11–
17]. Findings in LGL leukemia indicate that sera from 21% of patients are positive in an
HTLV-1 and/or HTLV-2 ELISA, compared to 0.17% positive sera in normal donors.
Subsequent Western blot analyses showed that this reactivity is sero-indeterminate and that
most patients are not infected with a prototypical retrovirus [18–20].

It has been documented that non-infected patients with autoimmune disorders and chronic
diseases of aging can demonstrate indeterminate retroviral serology [21, 22]. There are
numerous critical differences in the pattern of reactivity for LGL leukemia patients and these
other cross-reactive groups. According to a previous study, 84% of non-infected sero-
indeterminate normal donors had antibodies to HTLV gag p19 protein only, 16% were
reactive with HTLV gag p24 only, and 2.9% had dual gag p24 plus env p21e reactivity [18].
In contrast, only 4% of sero-indeterminate LGL leukemia patients were reactive to gag p19
only, while 82% reacted to gag p24, and 39% demonstrated dual gag p24/env p21e
reactivity. Therefore, patients have a disease-directed antibody response against HTLV-1
that is markedly distinct from normal non-infected people.

We have demonstrated that HTLV env reactivity in LGL leukemia was directed at the BA21
region, overlapping the immunogenic p21e transmembrane [23]. Previous studies have
indicated that 30% to 46% of sera from LGL leukemia patients were reactive to BA21.
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However, LGL-specific BA21 epitopes were not identified at that time. Results of an earlier
study utilizing radio-immunoassays suggested that the amino terminus of BA21 (containing
QEQCR) was more specifically reactive than the PPLE-containing region for patients
infected with HTLV-1 [24].

Since the original descriptions of HTLV seroreactivity in LGL leukemia were drawn from
clinical ELISAs designed to screen for HTLV-1/2 infection in blood donors, we used a
combined microarray and ELISA platform to test antibody recognition. The reactive
sequences were further tested on ELISA to identify a disease-specific BA21 epitope, i.e.;
one that was consistently recognized by antibodies from LGL leukemia patients but not by
serum antibodies from healthy donors. The selected LGL leukemia-specific epitope was
located in the amino terminus of BA21. It was recognized by at least 40% of LGL leukemia
sera but not by normal donor sera. We also determined the levels of BA21 IgG for
participants in the BMFDC. We found that a substantial number of sera from participants
with AA, MDS, and PNH also recognized the epitope. Reactivity with the LGL leukemia-
specific BA21 epitope was associated with these BMF diseases. These data provide further
support for the hypothesis that a variety of hematologic diseases associated with CTL
expansion might result from a common pathogenetic mechanism.

2. Materials and methods
2.1 Sera

BA21 antibody testing was approved as part of a multi-institutional IRB protocol for the
Rare Disease Clinical Research Network (RDCRN)-sponsored Bone Marrow Failure
Diseases Consortium (BMFC). The consortium included four institutions: The Penn State
Hershey Cancer Institute (Penn State College of Medicine, Hershey, PA USA), the
Cleveland Clinic Taussig Cancer Center (Translational Hematology and Oncology
Research, Cleveland, OH, USA), the H. Lee Moffitt Cancer Center (Malignant Hematology,
Tampa, FL, USA), and the Jonsson Comprehensive Cancer Center (Department of
Hematology/Oncology, University of California Los Angeles, Los Angeles, CA, USA).

Sera collected from consented bone marrow failure (BMF) patients at the time of enrolment
(baseline samples) were included in this study. The BMF disorders in this study are aplastic
anemia (AA), LGL leukemia, myelodysplastic syndrome (MDS) and paroxysmal nocturnal
hemoglobinuria (PNH).

Additional LGL leukemia in this study sera were collected under the same inclusion/
exclusion criteria for the LGL Leukemia Registry and Tissue Bank located at Penn State
Hershey Cancer Institute (Hershey, PA). Sera from age and gender-matched healthy
anonymous donors were collected during the same period by Florida Blood Services (St
Petersburg, FL) and by the Hershey Medical Center Blood Bank (Hershey, PA). Inclusion
and exclusion criteria for all participants including normal donors are detailed in a
supplemental document (Supplementary Data).

Pooled normal control sera were purchased from Sigma (St Louis, MO). HTLV-1/2 infected
control sera were purchased from Zeptometrix (Buffalo, NY) and from SeraCare (Milford,
MA). Inclusion criteria included confirmed infection with HTLV-1 or HTLV-2. Gender, age
and health status were not available for these samples. Screening for all individual donors/
specimens was performed as indicated in Table 1.

2.2 Epitope prediction analyses
Online databases were mined for epitope predictions for the BA21 sequence. Databases used
were LEPD (Linear Epitope Prediction Database,
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http://140.121.196.30/LEPD_Antigenicity.php) [25] and the Immune Epitope Database
(IEDB, http://tools.immuneepitope.org/main/html/bcell_tools.html). Reinforced merging
(LEPD) was combined with Kolaskar & Tongaonkar Antigenicity[26] plus BEpiPred [27]
(both at IEDB) algorithms.

2.3 Biologics
Peptides for array experiments were synthesized by Invitrogen EvoQuest Laboratory
Services (Carlsbad, CA). Recombinant BA21 peptides for enzyme-linked immunosorbent
assays (ELISAs) were purchased from Biosynthesis Inc. (Lewisville, TX). Anti-human IgG
antibodies and recombinant human IgGs were obtained from Sigma.

2.4 Reagents
ELISA reagents were purchased from Sigma and from Fisher Scientific (Pittsburgh, PA).
Dynal 4HB ELISA plates were used for all experiments. For peptide arrays, epoxy slides
and buffers for printing and blocking were purchased from ArrayIt (Sunnyvale, CA). Cover
slips for array slides were purchased from Fisher Scientific. Fluorescent dye was obtained
from Invitrogen (Carlsbad, CA).

2.5 BA21 epitope screening array
The entire BA21 region was split into overlapping peptides, based on the published work of
Sokol, et al (Table 2, BA21.1 – BA21.4) [28]. Anti-human IgG was used as a positive
control. A sequence derived from duck hepatitis B virus core protein, which is non-reactive
with human sera on arrays, was used as a negative control (CLT.NR).

The peptides and anti-IgG were suspended in protein printing buffer and applied to ArrayIt
SuperEpoxy slides using a MicroGrid II robotic arrayer (BioRobotics, Woburn, MA). Slides
were printed and prepared following manufacturer recommendations
(http://arrayit.com/Products/Microarray_Slides/Microarray_Slides_SuperEpoxy_1/
microarray_slides_superepoxy_1_and_2_protein.html). Binding sera were visualized on an
Axon GenePix 4000B scanner (Molecular Devices, Sunnyvale CA) and GenePix Pro 4.0
software (Molecular Devices). The signal data was transferred to GeneSpring software
(Agilent Technologies, Santa Clara CA) for analysis. IgG recognition was confirmed by
BA21 peptide ELISA.

2.6 BA21 peptide ELISA design and controls
Peptides BA21.1 and BA21.4 (shown on Table 2) as well as the entire BA21 sequence
(BA21) were tested. Peptides were applied to 96-well Immulon 2 plates (Dynal) at
previously determined optimal concentrations. Commercially available pooled normal donor
AB sera and 5 each HTLV-1/-2 infected donor sera were included in all BA21 ELISAs as
calibrators and controls. IgG concentrations were standardized as described in the
Supplementary Data. At least two ELISAs were performed for each test. For each
individual, mean values represent IgG values from two plates with an inter-plate standard
deviation equal to or less than 10% of the mean IgG value.

2.7 Statistical analyses
There are no data on BA21 seroreactivity in healthy non-infected donor sera. For this
reason, a 99% confidence interval was employed to identify the upper limits of reactivity for
the normal donor sera and this cut-off value was then applied to each LGL-BMF group to
determine which samples had elevated anti-BA21 IgG. The determination of significant
differences in anti-BA21 IgG levels for each group compared to the normal donors was
calculated by unpaired two-sided T tests. When smaller data sets were analyzed, the results
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of the T tests were compared to significance outcomes determined by Mann-Whitney
Wilcoxon (MWW) test, using α = 0.01 to derive the Z-critical value. The resulting MWW p
value is significant if it is close to 1 or 0.

3. Results
3.1 Prediction of BA21 B cell epitopes

Antigenicity was predicted for three regions of BA21, namely an amino terminus containing
EQCR (BA21.1, BA21.2), a region near the center of BA21 containing PPLE (BA21.3,
BA21.4), and a region at the carboxyl terminus containing WGLN (BA21.4) (Table 2). Of
these, PPLE-containing sequences were predicted to be the most immunogenic. We screened
peptides containing the predicted epitopes using microarray and ELISA methods.

3.2 Array and ELISA screening for LGL leukemia-specific BA21 epitopes
A peptide array was used to perform the first screening of the BA21 epitopes for 20 patients
and 20 normal controls (Fig. 1). The array was constructed with overlapping BA21 peptides
BA21.1 – BA21.4, including the peptides that were analyzed in the prediction analyses. A
peptide from the duck hepatitis B virus core reacted with none of the sera and was used as a
non-reactive control. As shown in Figure 1, the positive control anti-IgG1 antibody captured
a portion of the total IgG from both groups. In contrast the BA21 epitopes hybridized to all
IgG subtypes. The result for this positive control was also used to confirm that both groups
produce equivalent amounts of IgG1. For BA21.1, median values in Normal and Leukemia
groups were 5088 and 8247 respectively; the distributions in the two groups differed
significantly using the Mann-Whitney Wilcoxon test with the Z-Critical value set for 99%
certainty (α=0.01, U = 13, n1 = n2 = 11, P < 0.005 two-tailed). The p value from the Mann-
Whitney Wilcoxon test was 0.89 in favor of the LGL leukemia group. Similarly for BA21.2,
median values in Normal and Leukemia groups were 1005 and 3822 respectively; and the
distributions also differed significantly using the same test (α=0.01, U = 22, n1 = n2 = 11, P
< 0.02 two-tailed). For this peptide, the MWW p value was 0.82 in favor of LGL leukemia.
None of the other groups were significantly different according to the outcomes of unpaired
two-tailed T tests and Mann-Whitney Wilcoxon tests.

Peptides derived from the amino terminus of BA21 elicited significantly stronger signal
intensities from the LGL leukemia sera than from normal sera. For the shortest BA21
EQCR-containing peptide BA21.1, the mean signal strength for LGL leukemia sera was
9073 (SD: 2567; range: 6094 – 15531). For the normal sera it was only 5550 (SD: 2282;
range: 2377–10800). The difference between the LGL: Normal signals was significant with
p<0.005. The slightly longer version of this peptide, BA21.2, also elicited a significantly
greater signal from the leukemia sera than from the normal sera (p<0.02). For the PPLE-
containing peptides, there was no significant difference in binding signal strength for normal
versus leukemia sera (BA21.3, p=0.18; BA21.4, p=0.28). We validated the array findings by
testing an additional 5 leukemia sera and 12 normal donor sera on ELISA (Fig. 2). In our
ELISA optimization testing, we learned that BA21.2 was more reactive with normal sera
than was BA21.1 (data not shown). Therefore we focused our attention on BA21.1.

3.3 Testing the LGL leukemia-specific BA21 epitope
The BA21.1 epitope was tested on 42 age and gender-matched specimens from LGL
leukemia patients and from normal control donors. Peptide BA21.1 was significantly more
reactive with LGL leukemia sera than with normal sera (p<0.002) (Fig. 3). From the 99%
confidence interval of the normal serum values it was determined that the upper value for
normal sera was 37.4 μg IgG/mL. None of the 42 normal sera (0%) and 20 of the 42
leukemia sera (48%) had significantly greater than normal reactivity. The BA21.1 peptide
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was up to two-fold more specific for LGL leukemia than was the entire BA21 antigen [23,
28]. To confirm the significance of the unpaired two-tailed T tests, we applied Mann-
Whitney Wilcoxon testing to the three groups. Results of this test suggested that the
distributions for normal and leukemia sera differed significantly in favor of LGL leukemia,
but with no significant gender difference within the leukemia or normal group. For male
versus female LGL leukemia, the MWW p value was 0.52 in favor of males (α=0.01, U =
179, n Female = 15, n Male = 27, P = 0.42 two-tailed). For male versus female normal
donors, the MWW p value was 0.51 in favor of males (α=0.01, U = 198, n Female = 15, n
Male = 27, P = 0.98 two-tailed).

3.4 BA21 antibody reactivity in bone marrow failure diseases
Next, 102 LGL leukemia sera, 230 BMF sera and 237 normal donor sera were analyzed for
reactivity to BA21.1. We found significantly elevated antibody reactivity against BA21.1 in
all patient groups (Fig. 4). The 99% confidence interval for normal sera was 38.90 μg
BA21.1 IgG/mL sera. Only 1 of 237 (0.42%) normal sera were above this level, while 41 of
102 (40%) LGL leukemia sera were reactive. Likewise, a considerable percentage of sera
from all of the BMF groups exceeded the 99% confidence interval value against BA21.1: 28
of 83 (34%) AA, 39 of 126 (31%) MDS, and 9 of 21 (43%) PNH.

3.5 BA21 reactivity and transfusion status
Regarding transfusion status, 24% of LGL leukemia patients with transfusion data received
a transfusion prior to serum collection. In contrast, 62% of AA, 51% of MDS, and 60% of
PNH patients with transfusion data reported receiving at least one transfusion prior to
baseline serum collection. However, there was no correlation of transfusion status with
BA21 reactivity.

3.6 BA21 reactivity and immune-modulating therapy
Treatment with growth factors and immune suppressive drugs were analyzed for an
association with elevated versus normal BA21 IgG levels. Differences in BA21 IgG could
not be analyzed for some therapies because few participants were being treated at baseline
(time of registration). Of the variables with sufficient data, none were significantly
associated with normal or elevated BA21 IgG, including intravenous immunoglobulin
(IVIG), epoetin alpha, anti-thymoglobulin, cyclosporine, prednisone and methotrexate.
There was also no significant association of BA21 reactivity status with a history of
autoimmune disease. Detailed information on these baseline data which include clinical lab
values, demographics, TCR clonotype, medical history and treatment history are provided as
supplemental data (supplemental data S1 and S2).

3.7 Elevated BA21.1 IgG as a feature of LGL leukemia and BMF diseases
Pooled risk determinations for BMF patients versus normal donors revealed that individuals
with elevated BA21.1 IgG were 128 times (OR = 128.4:1) more likely to have LGL
leukemia, AA, MDS or PNH than to be in a normal condition (Table 3). The specificity of
the BA21.1 IgG test to any BMF condition was 99%. For LGL leukemia alone, the Odds
Ratio based on relative risk was 158:1 (not shown). 35% of all LGL-BMF disease sera
tested in this study demonstrated abnormally high BA21.1 antibody levels, independent of
any association to over 140 baseline parameters.

4. Discussion
Our results show that sera from patients with AA, MDS, and PNH have high titer antibodies
reactive to the LGL leukemia-specific BA21 epitope. This epitope, which is derived from
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the amino terminus of BA21 and which contains a QEQC signal motif, was designated as
BA21.1. A previous study showed no difference in BA21 reactivity for patients with acute
myelogenous leukemia, chronic myelogenous leukemia, acute lymphoblastic leukemia or
non-Hodgkin’s lymphoma, as compared to normal controls [23]. Therefore, BA21 reactivity
may be specific for these hematologic diseases.

Previous studies have shown that sera from 30% to 46% of LGL leukemia patients are
reactive to the BA21 protein, which is located in the transmembrane region of the HTLV-1
envelope [23, 28]. In this study, we used a microarray format to identify the most disease-
specific reactive regions of BA21, and then used a custom ELISA to validate the reactivity
of the new epitopes. The mean concentration of BA21.1 IgG for LGL leukemia sera (99.6
μg/mL) was more than 7-fold greater than the mean concentration in normal sera (13.6 μg/
mL). AA and PNH sera were both 3.5 fold more reactive than normal sera, and each had a
mean IgG concentration of 47.5 μg/mL. Finally, the mean specific BA21.1 IgG
concentration for MDS sera was 61.8 μg/mL which was more than 4.5-fold greater than
normal. Taken together, over 35% of patients with LGL-BMF conditions were reactive to
BA21.1, at levels more than three standard deviations above normal. The percent of LGL
leukemia sera reactive for this epitope (40%) is similar to previous reports. The reason for
this percentage is still unknown. It is possible that this 40% represents a subset of LGL
leukemia patients who may have different immune responses to the antigen(s) represented
by the BA21 epitopes tested in this study. Perhaps an additional explanation is that BA21 is
an imperfect representation of an uncharacterized LGL leukemia viral antigen, therefore
reactivity is still much less than 100%. Of interest were the numbers of BMF patients who
also responded to the same BA21 epitope, while reactivity with normal sera was
significantly less. This suggests that a specific immunogenetic link may exist for a persistent
subset of these patients. Elevated BA21.1 IgG was associated with an overall 128 times
greater likelihood of having any LGL-BMF disease and a 158-fold greater chance of having
LGL leukemia.

The common seroreactivity to BA21 in LGL leukemia and these other hematologic
disorders suggests a shared pathogenesis. Therefore we were interested in interrogating the
RDCRN BMFC database to determine if there were demographic or medical factors
associated with BA21 seropositivity. Multiple transfusions increase the probability of
producing cross-reactive HLA antibodies, which could result in elevated serum proteins
[29], while IVIG therapy inhibits the production of HLA antibodies[30]. An important
negative finding in this respect was the lack of association of BA21 antibody levels with
transfusion history or with IVIG. Although the analyses of available TCR data (in
supplemental data S2) did not point to a single clonotype associated with BA21 reactivity,
other epitopes that may be important include epitopes with related structural conformation
found in other retroviruses. We are currently studying these to determine if a common
naturally-occurring antigenic motif is important to LGL leukemia.

5. Conclusions
This is the first report showing that BMF patients and LGL leukemia patients have similarly
elevated levels of BA21 antibody. The significant odds ratios suggest that elevated BA21.1
IgG is associated with LGL leukemia and with LGL-BMF diseases. The antigen (s)
responsible for eliciting BA21 seroreactivity remains unknown, and the actual relationship
of seroreactivity to disease development has not been defined. Even so, these findings are
useful because they establish a relationship between disease-specific BA21 IgG, LGL
leukemia and other hematologic diseases. Overall, these data suggest that there might be a
common pathogenesis for LGL leukemia, AA, MDS and PNH.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig 1.
Peptide Array Epitope Mapping. Overlapping peptides were tested for seroreactivity against
LGL leukemia and normal donor sera (Peptide vs. Serum Group). The signal strength of the
sera was interpreted as reactivity. Neg Ctl: duck hepatitis B virus core peptide. Pos Ctl:
Anti-IgG1. ρ: probability, χ: mean value, σ: standard deviation.
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Fig 2.
BA21 Epitope ELISAs. Serum IgG levels are proportional to the Average OD 450nm (Y
axis). Sera were serially diluted in PBS 250X to 64,000X. NS: no sera. LGL: LGL leukemia
sera. Norm: Normal donor sera.
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Fig 3.
LGL Leukemia Serum Reactivity to BA21.1. ELISA data is shown. Females: n=15, average
age was 49.5 for female LGL leukemia patients and 49.2 for normal female donors. Males:
n=27, average age was 62.8 for male LGL leukemia patients and 60 for normal male donors.
ρ: probability, χ: mean value, σ: standard deviation.
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Fig 4.
BA21 IgG levels in LGL Leukemia and BMF Diseases. ELISA data is shown. N: normal
donors, AA: aplastic anemia, LGL: large granular lymphocyte leukemia, MDS:
myelodysplastic syndrome, PNH: paroxysmal nocturnal hemoglobinuria (all described in
text). Open circles: individual values > 99% CI for each group. ρ: probability, χ: mean value,
σ: standard deviation (also shown as bars).

Nyland et al. Page 13

Leuk Res. Author manuscript; available in PMC 2013 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nyland et al. Page 14

Ta
bl

e 
1

D
on

or
 a

nd
 S

pe
ci

m
en

 S
cr

ee
ni

ng

Sc
re

en
in

g 
pa

ra
m

et
er

s a
re

 li
st

ed
.

D
O

N
O

R
 &

 S
PE

C
IM

E
N

 S
C

R
E

E
N

IN
G

U
ni

ve
rs

al
 S

cr
ee

ni
ng

 (F
or

 A
ll 

N
or

m
al

 C
on

tr
ol

 &
 B

M
F 

Pa
rt

ic
ip

an
ts

)
N

O
R

M
 C

T
L

B
M

F 
PT

S

D
em

og
ra

ph
ic

s i
nc

lu
di

ng
 d

at
e 

of
 b

irt
h

X
X

H
is

to
ry

 a
nd

 P
hy

si
ca

l E
xa

m

C
B

C
/D

iff
er

en
tia

l/R
et

ic
ul

oc
yt

e 
co

un
t

Se
ru

m
 ir

on
/to

ta
l i

ro
n 

bi
nd

in
g 

ca
pa

ci
ty

/fe
rr

iti
n

R
B

C
 fo

la
te

/B
12

 se
ro

lo
gy

Pa
th

og
en

 S
cr

ee
ni

ng
 (H

IV
/H

TL
V

/H
B

V
/H

C
V

/C
ha

ga
s/

Sy
ph

ill
is

)

St
an

da
rd

 o
f C

ar
e,

 G
en

er
al

 (t
o 

es
ta

bl
is

h 
di

ag
no

si
s)

N
O

R
M

 C
T

L
B

M
F 

PT
S

Sy
m

pt
om

s a
nd

 T
re

at
m

en
t

N
A

X

C
om

pr
eh

en
si

ve
 m

et
ab

ol
ic

 p
an

el

C
yt

og
en

et
ic

s i
f b

on
e 

m
ar

ro
w

 a
sp

ira
tio

n 
if 

do
ne

.

B
on

e 
m

ar
ro

w
 b

io
ps

y/
as

pi
ra

tio
n*

H
LA

 T
Y

PI
N

G
 (K

IR
-L

ig
an

d)
 if

 n
ot

 a
lre

ad
y 

kn
ow

n

Q
ua

lit
y 

of
 li

fe
 Q

ue
st

io
nn

ai
re

St
an

da
rd

 o
f C

ar
e,

 D
is

ea
se

 S
pe

ci
fic

 (t
o 

es
ta

bl
is

h 
di

ag
no

si
s)

N
O

R
M

 C
T

L
A

A
L

G
L

M
D

S
PN

H

Fa
ct

or
 V

 L
ei

de
n,

 P
ro

te
in

 S
, P

ro
te

in
 C

, P
ro

th
ro

m
bi

n 
20

10
A

N
A

X

PN
H

 c
lo

ne
s b

y 
flo

w
 c

yt
om

et
ry

 (C
D

55
 &

 C
D

59
 o

n 
gr

an
ul

oc
yt

es
)

X
X

D
EB

 te
st

in
g 

(F
an

co
ni

an
ae

m
ia

) i
n 

pa
tie

nt
s <

 2
1 

ye
ar

s o
ld

X

TC
R

-g
am

m
a 

re
ar

ra
ng

em
en

t
X

X

Se
ru

m
 P

ro
te

in
 e

le
ct

ro
ph

or
es

is
X

R
he

um
at

oi
d 

fa
ct

or
X

Lo
w

 g
ra

de
 ly

m
ph

om
a 

pa
ne

l
X

B
on

e 
m

ar
ro

w
 fl

ow
 c

yt
om

et
ry

 o
f b

la
st

 g
at

e*
*

X

Pa
rv

ov
iru

s B
-1

9 
Ig

M
 a

nd
 Ig

G
 se

ro
lo

gi
es

C
he

st
 x

-r
ay

; C
T 

sc
an

 if
 c

he
st

 x
-r

ay
 in

co
nc

lu
si

ve

Leuk Res. Author manuscript; available in PMC 2013 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nyland et al. Page 15
* : B

io
ps

y/
as

pi
ra

tio
n 

w
as

 p
er

fo
rm

ed
 o

nl
y 

if 
cl

in
ic

al
ly

 in
di

ca
te

d.

**
: F

lo
w

 c
yt

om
et

ry
 w

as
 d

on
e 

on
ly

 if
 b

on
e 

m
ar

ro
w

 c
el

ls
 w

er
e 

al
re

ad
y 

co
lle

ct
ed

.

N
O

R
M

 C
TL

: n
or

m
al

 c
on

tro
l d

on
or

s/
sp

ec
im

en
s, 

B
M

F 
PT

S:
 B

on
e 

m
ar

ro
w

 fa
ilu

re
 p

ar
tic

ip
an

ts
, N

A
, n

ot
 a

pp
lic

ab
le

, A
A

: a
pl

as
tic

 a
ne

m
ia

, L
G

L:
 L

G
L 

le
uk

em
ia

, M
D

S:
 m

ye
lo

dy
sp

la
st

ic
 sy

nd
ro

m
e,

 P
N

H
:

pa
ro

xy
sm

al
 n

oc
tu

rn
al

 h
ae

m
og

lo
bi

nu
ria

Leuk Res. Author manuscript; available in PMC 2013 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nyland et al. Page 16

Ta
bl

e 
2

Li
ne

ar
 B

-c
el

l E
pi

to
pe

 P
re

di
ct

io
n 

fo
r B

A
21

.P
ep

tid
es

 a
nd

 th
ei

r s
eq

ue
nc

es
 a

re
 sh

ow
n,

 a
lo

ng
 w

ith
 re

gi
on

s o
f e

ac
h 

pe
pt

id
e 

id
en

tif
ie

d 
to

 h
av

e 
th

e 
fo

llo
w

in
g

an
tig

en
ic

 p
ro

pe
rti

es
: b

et
a-

tu
rn

s, 
hy

dr
op

at
hi

ci
ty

, e
xp

os
ed

 su
rf

ac
es

, c
ha

rg
ed

 (p
ol

ar
) r

eg
io

ns
, b

ul
ky

 re
gi

on
s (

hi
gh

 m
ol

ec
ul

ar
 w

ei
gh

t),
 h

yd
ro

ph
ob

ic
 re

gi
on

s,
al

on
g 

w
ith

 re
gi

on
s c

on
ta

in
in

g 
lo

op
s a

nd
 o

th
er

 fl
ex

ib
le

 st
ru

ct
ur

es
. A

n 
an

tig
en

ic
ity

 sc
or

e 
w

as
 a

ss
ig

ne
d 

to
 th

e 
re

gi
on

s w
ith

 g
re

at
es

t a
nt

ig
en

ic
ity

 (H
ig

h
A

nt
ig

en
ic

ity
). 

Sh
ad

ed
 re

gi
on

s r
ep

re
se

nt
 th

e 
pe

pt
id

es
 w

ith
 th

e 
gr

ea
te

st
 p

re
di

ct
ed

 o
ve

ra
ll 

re
ac

tiv
ity

 w
ith

 th
e 

da
rk

es
t s

ha
di

ng
 d

en
ot

in
g 

th
e 

m
os

t r
ea

ct
iv

e
re

gi
on

 o
f B

A
21

.

PE
PT

ID
E

 ID
PE

PT
ID

E
 S

E
Q

U
E

N
C

E

B
A

21
.1

Q
EQ

C
R

FP
N

IT
N

SH
V

SI
L

B
A

21
.2

Q
EQ

C
R

FP
N

IT
N

SH
V

SI
LQ

ER

B
A

21
.3

 
N

SH
V

SI
LQ

ER
PP

LE
N

R
V

LT
G

W

B
A

21
.4

 
 

PP
LE

N
R

V
LT

G
W

G
LN

W
D

LG
LS

Q
W

(−
) D

H
B

V
 C

or
e

EE
A

EE
IP

LG
D

LF
K

H
Q

EE
R

I

Q
E

Q
C

R
F

P
N

I
T

N
S

H
V

S
I

L
Q

E
R

P
P

L
E

N
R

V
L

T
G

W
G

L
N

E
PI

T
O

PE
 F

E
A

T
U

R
E

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15
16

17
18

19
20

21
22

23
24

25
26

27
28

29
30

31
32

33
34

B
ET

A
-T

U
R

N
X

X
X

X
X

X
X

X
X

X

H
Y

D
R

O
PA

TH
IC

IT
Y

X
X

X
X

X
X

X
X

X
X

X
X

SU
R

FA
C

E
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

PO
LA

R
IT

Y
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

M
O

LE
C

U
LA

R
 W

T
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

H
Y

D
R

O
PH

O
B

IC
IT

Y
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

FL
EX

IB
IL

IT
Y

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X

LO
W

 A
N

TI
G

EN
IC

IT
Y

H
IG

H
 A

N
TI

G
EN

IC
IT

Y
X

X
X

X
X

X
X

Leuk Res. Author manuscript; available in PMC 2013 May 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nyland et al. Page 17

Table 3

BA21.1 IgG Specificity and Risks.Specificity, sensitivity and risks associated with elevated BA21.1 IgG were
calculated for sera from patients with LGL leukemia and BMF diseases, and for sera from normal controls.
BA21 IgG: BA21.1 HI: Specimens with BA21.1 IgG levels greater than the 99% confidence interval limit of
normal sera. BA21.1 NRM: Specimens with normal levels of BA21.1 IgG. LGL-BMF: Patients with LGL
leukemia and BMF diseases. Normal: Healthy participants.

BA21 IgG SPECIFICITY & RISKS

BA21 IgG LGL-BMF NORMAL SUM PARAMETER

Count of BA21.1 HI 117 1 118 TOTAL # BA21.1 HI

Count of BA21.1 NRM 215 236 451 TOTAL # BA21.1 NRM

Total Count 332 237 569 TOTAL # Tested

Sensitivity of BA21.1 Serology: LGL-BMF 35.2%

Specificity of BA21.1 Serology: LGL-BMF 99.6%

CALCULATION VALUE DESCRIPTION

Positive Predictive Value 99% Ability to predict LGL-BMF disease specimen

Negative Predictive Value 52% Ability to rule out normal specimen

False Positive Rate 0.42% Percent of normal specimens that would have elevated BA21.1 IgG results on this test

Likelihood Ratio 83.5:1 Odds that a LGL-BMF specimen vs a normal specimen will produce elevated BA21.1 IgG

Overall Odds Ratio 128.4:1 Odds that elevated BA21.1 IgG will be found in someone with a LGL-BMF condition vs someone
with a normal condition
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