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Abstract
Background—Increased rates of RBC alloimmunization in patients with sickle cell disease may
be due to transfusion frequency, genetic predisposition, or immune dysregulation. To test the
hypothesis that sickle cell pathophysiology influences RBC alloimmunization, we utilized two
transgenic mouse models of sickle cell disease.

Study Design and Methods—Transgenic sickle mice, which express human α and βS globin,
were transfused with fresh or 14-day stored RBCs containing the HOD (hen egg lysozyme,
ovalbumin, and human Duffyb) antigen; some recipients were inflamed with poly (I:C) prior to
transfusion. Anti-HOD alloantibody responses were subsequently measured by ELISA and flow
crossmatch; a cohort of recipients had post-transfusion serum cytokines measured by bead array.

Results—Both Berkeley and Townes homozygous (SS) and heterozygous (AS) mice had similar
rates and magnitude of anti-HOD RBC alloimmunization following fresh HOD RBC transfusion
compared with control animals; under no tested condition did homozygous SS recipients make
higher levels of alloantibodies than control animals. Unexpectedly, homozygous SS recipients had
blunted cytokine responses and lower levels of anti-HOD alloantibodies following transfusion of
14-day stored RBCs, compared with control animals.

Conclusions—In sum, homozygous βS expression and the ensuing disease state are not alone
sufficient to enhance RBC alloimmunization to transfused HOD RBCs in 2 distinct humanized
murine models of sickle cell disease under the conditions examined. These data suggest other
factors may contribute to the high rates of RBC alloimmunization observed in humans with sickle
cell disease.
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Introduction
Human patients with sickle cell disease (hemoglobin SS) have rates of RBC
alloimmunization approaching 25–50%1–3. This is substantially higher than RBC
alloimmunization rate in the general transfused patient population, which approximates
3%4–7. The high rate of alloimmunization in sickle cell patients is problematic on multiple
levels; RBC alloantibodies increase the risk of acute and delayed hemolytic transfusion
reactions, increase the risk of hemolytic disease of the newborn, may be associated with the
development of autoantibodies, and lead to costly evaluations by transfusion services and
potential delays in providing compatible RBC units. In fact, some patients with sickle cell
disease have so many RBC antibodies that compatible blood is not available for transfusion.

Strategies to prevent RBC alloimmunization in sickle cell patients are currently limited to
avoiding exposure to the most immunogenic RBC alloantigens. Partial phenotypic matching
of RBC units, although costly, decreases rates of RBC alloantibody formation in sickle cell
patients8. However, the residual RBC alloimmunization rate in sickle cell patients receiving
partially phenotypically-matched blood remains higher than that of patients without sickle
cell disease8. Additionally, some transfusion services provide more extensively
phenotypically-matched RBCs or partially genotypically-matched RBCs for “responder”
patients with a history of RBC alloimmunization. However, it is impossible to match for the
hundreds of described RBC antigens 9, and patients with sickle cell disease may still make
antibodies against non-matched antigens despite matching strategies. Therefore, it would be
desirable to develop an expanded understanding of potential underlying pathophysiologic
processes that contribute to RBC alloimmunization, such that additional strategies can be
developed to minimize alloimmunization.

The reason that sickle cell disease patients are more likely than other patient populations to
make RBC alloantibodies is a matter of dispute. One hypothesis is that patients with sickle
cell disease have a higher transfusion burden and are thus exposed to more RBC antigens
than other patient populations. In addition, the transfused RBC units, which may come from
racially-mismatched donors, often contain multiple antigens foreign to the transfusion
recipients10. However, rates of RBC alloimmunization in sickle cell patients remain higher
than that of the general population, even in countries with homogenous populations and
racially-matched donors and recipients11,12. Another hypothesis is that the presence of the
sickle globin (βS) gene itself, or an immunoregulatory gene close to this globin gene that is
co-inherited with the globin gene13, predisposes sickle patients (or a subset of sickle
patients) to RBC alloimmunization. Finally, it must also be considered that
alloimmunization rates in non-sickle patient populations may be underestimated, due to lack
of follow-up testing and/or antibody evanescence14,15.

An additional hypothesis is that the chronic baseline inflammation observed in patients with
sickle cell disease enhances immune responses to transfused RBCs16. It is accepted that
baseline states of inflammation and innate immune activation occur in patients with sickle
cell disease; in particular, white blood cell counts and C-reactive proteins are often elevated.
Additionally, increases in inflammatory cytokines and decreases in anti-inflammatory
cytokines have been reported in patients with sickle cell disease17–21. Finally, patients with
sickle cell disease also exhibit chronic vascular endothelial activation22–28. Thus, taken
together with our prior reports that inflammation enhances RBC alloimmunization in a
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murine model29 and a report that inflammation may enhance RBC alloimmunization in
humans30, it is possible that the baseline inflammation that occurs secondary to sickle cell
disease pathophysiology may contribute to the high rates of RBC alloimmunization
observed in patients with sickle cell disease.

To test the hypothesis that homozygous presence of the βS gene itself (and the ensuing
pathophysiology of sickle cell disease, including hemolysis and inflammation) influences
RBC alloimmunization, we utilized two distinct humanized murine models of sickle cell
disease. Under no tested condition did transfusion recipients with homozygous sickle cell
disease (expressing human α and human βS globin)31,32 have higher rates or magnitudes of
RBC alloimmunization to HOD RBCs33, compared with control recipients. In sum, these
data demonstrate that the homozygous βS genotype (and ensuing sickle cell
pathophysiology) is not alone sufficient to enhance RBC alloimmunization in the described
murine models, under the described tested conditions. These data thus suggest other factors
may contribute to the high rates of RBC alloimmunization observed in humans with sickle
cell disease.

Materials and Methods
Mice

C57BL/6 and Balb/c mice were purchased from Jackson Laboratories (Bar Harbor, ME).
“Berkeley” transgenic knock-out sickle cell mice31 (generously provided initially by Drs.
Paszty, Mohandas, and Rubin, and maintained at Emory since 2001), “Townes” knock-in
sickle cell mice32 (developed by Dr. Townes in 2003 and generously provided for
maintenance at Emory in 2009), and HOD transgenic mice33 (containing a RBC specific
triple fusion recombinant protein with hen egg lysozyme, ovalbumin, and human Duffyb

antigen sequences) were bred by the Emory University Department of Animal Resources.
Both Berkeley and Townes mice with homozygous (SS) expression have human βS (mouse
α−/−, mouse β−/−, Tg [human α, human βS]). “50%” AS Berkeley mice (which actually
contain approximately 42% hemoglobin S) have human βS globin gene and murine β-globin
gene (mouse α−/−, mouse β+/−, Tg [human α, human βS]). Townes mice have a 4.1 kb
human βS fragment linked to a 5.6 kb human Aγ fragment, resulting in an HbF to HbS
switch similar to that seen in humans with sickle cell disease34–36. The genetic background
of Berkeley mice includes C57BL/6, Black Swiss, 129, FVB/N, and DBA/2, and that of
Townes mice includes C57BL/6 and SJL. Sickle cell disease mice were selectively mated
and expression of βS globin was confirmed by differential hemoglobin electrophoresis for
Berkeley mice and by PCR for Townes mice. Transfusion recipient mice were used at 8–16
weeks of age, and all protocols were approved by the Emory University Institutional Animal
Care and Use Committee.

Blood collection and transfusion
Mouse donor blood was collected in ACD or CPDA-1 and, in a subset of experiments, was
leukoreduced using a Pall neonatal leukoreduction filter (East Hills, NY)29. Recipients
(C57BL/6, SS, AS, or AA) were transfused via lateral tail vein with 100 µL (1 “unit”) of
fresh or 14-day stored leukoreduced HOD RBCs37. In a subset of experiments, post-
transfusion recovery of HOD RBCs in recipients was determined at 10 minutes, 90 minutes,
and 24 hours, using MIMA 29 (an anti-Fy3 mouse monoclonal antibody, generously
provided by Mr. Greg Halverson and Dr. Marion Reid of the New York Blood Center);
logistic regression analysis was performed, with extrapolation to time 038. In some
experiments, recipients were pre-treated intraperitoneally 4 hours prior to transfusion with
25 micrograms of poly (I:C) (Amersham, Piscataway, NY).
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Splenocyte collection and injection
Splenocytes from Balb/c donors were collected, as previously described39. Splenocytes were
enumerated using trypan blue exclusion, and 1 million total live splenocytes were injected
via lateral tail vein.

Flow cytometry and antibody detection
Peripheral blood was collected 90 minutes after transfusion in some experiments, and
cytokines (keratinocyte-derived chemokine/CXCL1 (i.e. KC/CXCL1), interleukin-6 (i.e.
IL-6) and monocyte chemoattractant protein-1 (i.e. MCP-1)) were measured in serum by the
Cytokine Bead Array assay (Mouse Flex Kit, BD Biosciences)40.

Anti-HEL responses were measured by HEL-specific ELISA, as previously described29, in
serum collected 2 weeks following transfusion. In a subset of experiments, anti-HOD
alloantibody responses were also measured by indirect immunofluorescence using HOD
RBCs as targets and wild-type antigen negative FVB RBCs as controls37. Antibody binding
was detected by flow cytometry using goat anti-mouse immunoglobulin conjugated to
allophycocyanin (Becton Dickinson, San Jose, CA). Anti-Balb/c responses were determined
at 1 and 2 weeks following splenocyte injection, using Balb/c splenocytes as targets and
C57BL/6 splenocytes as negative controls. A CD3+ inclusion gate and a CD19+ exclusion
gate were utilized, with goat anti-mouse immunoglobulin as the secondary antibody.

Statistical analysis
Statistical analysis and graphing was performed with Graph Pad Prism software (San Diego,
CA). One way ANOVAs with Bonferroni post test or Mann-Whitney U tests were
performed, with a statistically significant value defined as p<0.05.

Results
Berkeley homozygous SS mice do not have increased alloimmunization to transfused HOD
RBCs

Berkeley transgenic homozygous SS mice, 50% AS mice, and C57BL/6 control mice were
transfused via lateral tail vein with 100 µL (i.e. 1 “unit”) of HOD RBCs; additional control
mice were left untransfused. Two weeks following transfusion, alloantibodies were
measured by HEL-specific ELISA. In 6 of 6 experiments (n=76 mice total), more than 97%
of transfused recipients mounted an anti-HEL IgG response, as defined by antibody activity
exceeding 2 standard deviations of the mean background signal of untransfused animals
(e.g. 28/28 SS recipients, 24/25 AS recipients, and 22/23 C57BL/6 recipients produced
detectable anti-HEL IgG). However, there were no statistically significant differences in the
magnitude or frequency of the anti-HEL response between SS, AS, or control mice (Fig. 1);
p>0.05 by ANOVA with Bonferroni post-test.

Transfused HOD RBCs are cleared more rapidly in naïve SS than naïve control recipients
The spleens of mice with homozygous SS sickle cell disease are significantly enlarged as
compared with non-sickle cell mice. Because transfused RBCs are cleared primarily by the
spleen, we hypothesized that mice with sickle cell disease would have increased clearance
rates of transfused RBCs. Establishing rate of RBC clearance could be important in RBC
alloimmunogenicity, given recent reports that rapidly cleared murine RBCs are more
immunogenic than those cleared at slower rates41. To test this hypothesis, Berkeley mice
with homozygous sickle cell disease as well as control mice were transfused with 1 unit of
HOD RBCs and samples were collected from recipients at defined timepoints post-
transfusion. The samples were stained with MIMA 29 (anti-Fy3) to identify HOD RBCs,
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and 24-hour post-transfusion recovery curves were calculated. If clearance rates were equal,
sickle recipients would be expected to have twice the percentage of circulating HOD RBCs
as control recipients, taking into account the Hct differences between these animals (with
sickle mice having an Hct that is approximately half that of control mice). However, sickle
mice had a non-statistically significant decreased percentage of circulating HOD RBCs at all
tested timepoints compared with C57BL/6 control recipients (Fig. 2). Thus, it is concluded
that homozygous SS mice clear transfused HOD RBCs at higher rates than control
recipients.

The response to transfused HOD RBCs in the presence of poly (I:C) is similar in Berkeley
homozygous SS and control recipients

Although no differences in rates or magnitudes of anti-HOD RBC alloimmunization were
observed in Berkeley mice with sickle cell disease compared to control recipients in their
“baseline” state, it was possible that the alloimmunization responses would differ in acutely
“inflamed” recipients. To test this, Berkeley homozygous SS and control mice were treated
with 25 µg of the viral-like stimulus poly (I:C), 4 hours prior to transfusion of HOD RBCs.
In 2 of 2 experiments (n=35 mice total), homozygous SS recipients had a slightly higher
anti-HEL response in the presence of poly (I:C) compared to untreated SS mice. However,
there were no statistically significant differences in anti-HEL responses between
homozygous SS recipients treated with poly (I:C) prior to transfusion compared to control
C57BL/6 recipients treated with poly (I:C) prior to transfusion (Fig. 3); p>0.05 by Mann-
Whitney U test.

Berkeley homozygous SS recipients have a blunted pro-inflammatory cytokine and
alloantibody response to stored HOD RBCs

Few human transfusion recipients receive “fresh” RBCs. We have previously reported that
transfusion of 14-day stored HOD RBCs induces a pro-inflammatory serum cytokine storm
in C57BL/6 recipients40; these RBCs were also significantly more immunogenic than fresh
RBCs37. In this context, we hypothesized that transfusing stored HOD RBCs would induce
an amplified cytokine storm and increased anti-HEL response in sickle compared to control
animals. Berkeley homozygous SS mice or control C57BL/6 mice were transfused with
fresh or 14-day stored HOD RBCs and 50% AS mice were transfused with 14-day stored
RBCs; serum levels of KC, IL-6, and MCP-1 were measured 90 minutes following
transfusion and alloimmunization was assessed 2 weeks later. In agreement with previously
published reports, control C57BL/6 recipients had robust increases in KC, IL-6, and MCP-1
levels following transfusion of 14-day stored, but not fresh HOD RBCs. However, in 2 of 2
experiments (n=38 recipients total), homozygous SS mice had negligible changes in serum
levels of KC, IL-6, and MCP-1 following transfusion of 14-day stored HOD RBCs (Fig. 4A,
B, C). 50% AS mice also had a blunted cytokine response, albeit to a lesser degree than the
homozygous SS recipients. In 3 of 3 experiments (n=55 recipients total), homozygous SS
and 50% AS mice produced low levels of anti-HEL following transfusion of 14-day stored
HOD RBCs, compared to controls (Fig. 4D).

Berkeley homozygous SS mice and controls have similar responses to Balb/c splenocytes
It was possible that the negligible cytokine response and lack of enhanced alloantibody
response to transfused HOD RBCs in homozygous SS mice were due to an impaired ability
of these animals to respond robustly to immune stimuli in general. To test this hypothesis,
homozygous SS, 50% AS, or C57BL/6 control recipients were immunized intravenously
with 1 million Balb/c splenocytes, and antibody responses were assessed at 1 and 2 weeks
following infusion. In 2 of 2 experiments (n=26 recipients total), significant responses to
Balb/c splenocytes were seen in all immunized animals (Fig 5); p>0.05 between groups at 1
and 2 weeks post-immunization by ANOVA with Bonferroni post-test.
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A second humanized sickle mouse model (Townes “knock-in” model) also fails to show an
enhanced alloantibody response to transfused HOD RBCs

To determine if the lack of enhanced alloimmunization to HOD RBCs was recipient strain
specific, a second humanized mouse model of sickle cell disease was studied. These mice
were generated by Tim Townes using a “knock-in” method to express solely human α-
globin, human βS-globin, and human Aγ globin32. Similar to the phenotype of Berkeley
homozygous SS mice, the Townes “knock-in” SS mice (human α/human α, −1400 human γ-
βS/−1400 human γ- βS) also have RBC sickling and develop severe hemolytic anemia,
splenic infarcts, and urine concentrating defects32,42. Analogous to the experiments with the
Berkeley recipients, Townes homozygous SS, Townes heterozygous AS, or Townes control
AA mice were transfused via lateral tail vein with 1 unit (100 uL) of HOD RBCs. Two
weeks following transfusion, alloimmunization was measured by a HEL-specific ELISA. In
3 of 3 experiments (n=37 mice total), 84% of transfused recipients mounted an anti-HEL
IgG response (13/16 SS recipients, 8/11 AS recipients, and 10/10 AA recipients). Similar to
what was observed with Berkeley sickle cell mice, there were no statistically significant
differences in rates of response between SS, AS, or AA recipients, nor were there
statistically significant differences in the magnitudes of anti-HEL responses between these
recipients (Fig. 6A); p>0.05 by ANOVA with Bonferroni post-test. Flow cytometric
crossmatching of immune sera with HOD or control FVB RBC targets was also completed
to measure the ability of anti-HOD antibodies to bind the HOD antigen, with results similar
to those seen by ELISA (e.g. no significant differences in the rate nor degree of anti-HOD
response was observed between Townes homozygous SS, Townes heterozygous AS, or
Townes control AA recipients (Fig. 6B shows a representative crossmatch)).

Discussion
Herein, we have shown that mice with homozygous SS sickle cell disease do not have
higher rates or magnitude of alloimmunization to fresh or 14-day stored HOD RBCs than
control animals, in the presence or absence of recipient pretreatment with poly (I:C). The
lack of an enhanced alloantibody response was not due to the inability of sickle cell mice to
process and present the HOD antigen, as most transfusion recipients produced low but
detectable levels of anti-HOD alloantibodies. Furthermore, the lack of an enhanced anti-
HOD response was not due to a decreased ability of the homozygous SS mice to respond to
immune stimuli, because their responses to infused Balb/c splenocytes were robust. The
reported findings are not due to an idiosyncrasy of one particular mouse model, because two
independently developed mouse models containing human α and βS globin yielded similar
results. In sum, these data support the conclusion that homozygous expression of βS globin
(and the ensuing pathophysiology of sickle cell disease) is not alone sufficient for
enhancement of anti-HOD RBC alloimmunization.

The described experiments test the effects of βS globin as an isolated independent variable.
It is noteworthy in humans, however, that the βS globin gene is in linkage disequilibrium
with a number of polymorphisms in adjacent genes. Furthermore, some of these gene
polymorphisms presumably have effects on immune regulation. The current murine studies
cannot address the possibility that polymorphisms of genes co-inherited with human βS

globin influence RBC alloimmunization rates in humans13, since the background genes are
the same in both the knock-out and knock-in sickle cell disease mouse models. Thus, these
“negative” data raise the question of whether, in fact, genes co-inherited along with the βS

globin gene in humans with sickle cell disease may play a role in the observed high rates of
RBC alloimmunization.

In addition to lacking human genes other than α and βS globin, the pathophysiologic
sequelae of the human βS globin gene in mice are similar but not identical to those found in
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humans. Like humans with homozygous sickle cell disease, SS mice have severe hemolytic
anemia, splenic infarcts, vaso-occlusion, and renal concentrating defects32,42,43.
Additionally, they exhibit vascular inflammation, with elevated white blood cell counts,
activated platelets, and elevated levels of IL-6, serum amyloid P-component (SAP), and
adhesion molecules44,45. Unlike humans with sickle cell disease, however, SS mice have
massive splenomegaly and lack inflammatory/fibrotic lung changes, large vessel
vasculopathy, and bone marrow infarcts. Furthermore, mice heterozygous for the human βS

globin have more significant disease manifestations than humans with sickle cell trait,43 and
this must be taken into consideration when comparing data between SS and heterozygote AS
transfusion recipients. Thus, the described reductionist RBC alloimmunization studies are
limited by the inherent differences observed in mice and humans with human βS globin
expression.

Just as the manifestations of human and murine sickle cell disease are not identical, the RBC
antigen (HOD) utilized in these studies has several features in common with human RBC
antigens, but differs in others. HOD is a protein antigen with RBC specific expression
within the hematopoietic compartment, like most human RBC antigens33. It contains the
human Duffyb antigen within its construct, carried by the DARC protein that serves as a
chemokine receptor capable of binding interleukin-8, MCP-1, and RANTES in
humans9,46–48. Potential effects of chemokine binding in the current findings are not clear,
however, whatever chemokine binding DARC may have, it is present on the majority of
transfused human RBCs as well. By virtue of its presence on donor RBCs and absence on
recipient RBCs, the HOD antigen more closely resembles the clinically significant human
Rh(D) antigen than other RBC antigens, which may differ by a single amino acid
polymorphism between donor and recipient10,49. Furthermore, the response rates to
transfused HOD RBCs are similar to those observed to Rh(D) positive RBCs in Rh(D)
negative recipients. In sum, HOD is a model RBC antigen, and the described rates and
degrees of alloimmunization cannot necessarily be extrapolated to other RBC antigens.

Patients with sickle cell disease often require multiple RBC transfusions, exposing them to
many RBC alloantigens, over the course of their lives. The current studies involved a single
transfusion of RBCs expressing HOD, a design necessitated by the model system. Although
the pathophysiology is not understood, the anti-HOD antibody response cannot be boosted
by multiple transfusions in control or sickle cell disease mice (data not shown). Thus, the
response of mice with sickle cell disease to repeat transfusions of RBC antigens known to be
capable of inducing anamnestic responses is difficult to evaluate utilizing the HOD system.
Of note, human data in non-sickle cell disease patients postulates that there may be
genetically predisposed “responder” and “non-responder” patients, and suggests RBC
alloimmunization is only weakly dependent on transfusion load50.

A large percentage of patients with sickle cell disease are in their “usual state of health”
when receiving RBC transfusions (e.g. patients on a chronic RBC transfusion protocol for
stroke prevention); however, others are quite ill at the time of transfusion. The described
data showing no difference in RBC alloimmunization rates or magnitude between murine
sickle cell disease and control recipients were obtained with animals transfused in their
“baseline” status. Subsequent experiments using the double stranded RNA poly (I:C) as an
acute “viral-like” recipient inflammatory stimulus failed to show a difference in response
rates or magnitude of response between pretreated mice with sickle cell disease and
pretreated control recipients. It must be emphasized, however, that poly (I:C) is but one type
of inflammation. Thus, these results cannot necessarily be extrapolated to other states of
inflammation (both acute as well as chronic) that sickle cell patients may be in during
transfusion, including hypoxia, acute chest syndrome, splenic sequestration, acute ischemic
stroke, or vaso-occlusive crisis.

Hendrickson et al. Page 7

Transfusion. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



We have recently reported that HOD RBCs stored for 14 days prior to transfusion induce a
pro-inflammatory cytokine response in recipients, and are significantly more immunogenic
than fresh RBCs37,40. Given that few human transfusion recipients (including those with
sickle cell disease) receive “fresh” RBCs, we compared the rates and magnitude of
alloimmunization in sickle cell disease and control recipients of fresh or 14-day stored HOD
RBCs. To our surprise, both Berkeley and Townes mice with sickle cell disease failed to
produce significant levels of pro-inflammatory cytokines or anti-HOD alloantibodies after
transfusion of stored HOD RBCs. Possible explanations for these findings, among others,
include the presence of baseline inflammation, chronic hemolysis and excess free heme, and
the genetic background of the recipients. However, the latter is an unlikely explanation,
because 2 murine models with different genetic backgrounds yielded similar results.

In summary, our results fail to support the hypothesis that homozygous expression of human
βS globin alone, including the pathophysiological sequelae resulting from expression of this
gene, influences anti-HOD RBC alloimmunization in murine transfusion recipients in their
baseline states of health or after inflammation with poly (I:C). Although differences between
mice and humans with sickle cell disease exist, these data reject the hypothesis that sickle
cell disease results in an intrinsic “hyperimmunizable” state to HOD RBC transfusion in
mice. These findings do not question the observation that humans with sickle cell disease
generate more alloantibodies than other patient groups. They do, however, provoke the
question of whether the observed high RBC alloimmunization rates in humans are due to the
effects of the βS globin gene itself as opposed to other co-incident factors.
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Figure 1. Berkeley SS mice do not have increased alloimmunization to transfused HOD RBCs
Berkeley SS or 50% AS recipients, as well as C57BL/6 recipients, were transfused with 1
“unit” (100 µL) of packed HOD RBCs. Anti-HEL IgG was measured by ELISA 2 weeks
following transfusion. A compilation of data from 6 independent experiments (n=76
recipients total) is shown; p>0.05 by ANOVA for responses in SS, 50% AS, and C57BL/6
recipients.
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Figure 2. Berkeley SS mice clear transfused HOD RBCs more rapidly than control recipients
Berkeley SS or C57BL/6 recipients were transfused with 1 unit of HOD RBCs, and recovery
of the transfused RBCs was monitored by staining of recipient RBCs with MIMA 29 (anti-
Fy3) at 10 minutes, 90 minutes, and 24 hours after transfusion (representative curves are
shown).
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Figure 3. The response to transfused HOD RBCs in the presence of poly (I:C) is not greater in
Berkeley SS than control recipients
Berkeley SS or C57BL/6 recipients were pretreated with 25 micrograms of poly (I:C) i.p.
and transfused 4 hours later with 1 unit of HOD RBCs; alloimmunization was measured by
anti-HEL ELISA 2 weeks later. A representative experiment (n=16 recipients total) with
mean +1SD is depicted; p>0.05 for groups of poly (I:C) transfused recipients by Mann-
Whitney U test.
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Figure 4. Cytokine and alloimmunization responses to 14-day stored HOD RBCs are not greater
in Berkeley SS than control recipients
Berkeley SS, 50% AS, or C57BL/6 recipients were transfused with fresh or 14-day stored
leukoreduced HOD RBCs. Serum KC, IL-6, and MCP-1 were measured 90 minutes after
transfusion (A,B,C) and alloimmunization was measured 2 weeks later by ELISA (D). 2
representative experiments (with mean +1SD) are shown); this experiment has been repeated
2 times (n=38 recipients total) for cytokine analysis and 3 times (n=55 recipients total) for
alloimmunization analysis, with similar results.
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Figure 5. Robust responses to Balb/c splenocytes are observed in Berkeley Homozygous SS, 50%
AS, and C57BL/6 mice
1 million Balb/c splenocytes were adoptively transferred to Berkeley SS (black bars), 50%
AS (white bars), or C57BL/6 (grey bars) recipients, and anti-Balb antibodies were measured
1 and 2 weeks post-immunization by flow cytometric crossmatch using Balb/c or control
C57BL/6 splenocyte targets. A representative experiment (n=15 recipients total) with mean
+1SD is shown; p>0.05 by ANOVA with Bonferroni post-test at 1 and 2 week points; this
experiment has been repeated twice with similar results.
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Figure 6. The rate and magnitude of response to transfused HOD RBCs are similar in Townes
“knock-in” homozygous SS, heterozygous AS, and control AA recipients
Townes SS, AS, or AA recipients were transfused with 1 unit of packed HOD RBCs. Anti-
HEL IgG was measured by ELISA 2 weeks following transfusion (A). A compilation of data
from 3 independent experiments (n=37 recipients total) is shown; p>0.05 by ANOVA with
Bonferroni post-test for responses in SS, AS, and AA recipients. Representative flow
cytometric histograms (B) with sera from representative transfused homozygous SS
recipient (left panel), transfused heterozygous AS recipient (middle panel), and untransfused
control (right panel), crossmatched with target HOD RBCs (black line) and control FVB
RBCs (grey line).
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