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Abstract
Background—14-day stored RBCs containing an RBC specific transgenic antigen (HOD)
induce a recipient pro-inflammatory cytokine storm and are significantly more immunogenic
compared to fresh RBCs. Given that recipient mice clear transfused stored RBCs more rapidly
than fresh RBCs, we hypothesized that rapid RBC clearance was associated with adverse
transfusion outcomes.

Study Design and Methods—HOD RBCs were treated by two distinct methodologies known
to lead to rapid post-transfusion RBC clearance: phenylhydrazine or heat. HOD antigen expression
was analyzed on the treated cells prior to transfusion, and RBC recovery, recipient cytokine
response, and recipient anti-HOD alloimmunization response were measured post-transfusion.

Results—Phenylhydrazine and heat treatment each led to near complete RBC clearance in
recipients by 24 hours post-transfusion, without significantly altering HOD antigen expression on
the transfused RBCs. Recipients of phenylhydrazine or heat-treated RBCs had elevated circulating
levels of KC/CXCL-1, MCP-1, and IL-6 following transfusion. Furthermore, phenylhydrazine or
heat treated RBCs were significantly more immunogenic than control RBCs, with a mean 25.1-
fold enhancement and 10.3 fold enhancement, respectively, of anti-HOD alloimmunization
magnitude by flow cytometric crossmatch.

Conclusions—Three separate insults to RBCs (storage, phenylhydrazine, or heat treatment)
result in rapid post-transfusion clearance, with a recipient pro-inflammatory cytokine storm and
enhanced alloimmunogenicity. These data are consistent with the hypothesis that rapid clearance
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of RBCs is causally involved in these outcomes, and suggest that human donor RBCs with
favorable post-transfusion clearance profiles may be less immunogenic.
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INTRODUCTION
Although human RBCs can be stored in vitro at 4°C for up to 6 weeks, their 24-hour post-
transfusion recovery in vivo decreases with increasing storage intervals. Multiple alterations
occur in the RBC during storage (the RBC “storage lesion”)1,2, yet the exact changes that
induce post-transfusion clearance in vivo are not known. It has been argued that transfused
RBCs stored for longer time intervals have adverse clinical consequences, including
infections, increased length of hospital stay, deep vein thromboses, and mortality3-7, with
several ongoing clinical trials rigorously investigating the effects of older stored RBCs8-11.
The impact of post-transfusion RBC clearance rates on these transfusion outcomes,
however, is not known.

Current FDA requirements for licensing new RBC storage solutions require the stored RBCs
to have a mean 24-hour post-transfusion recovery of ≥75%12. However, certain normal
donor units have post-transfusion recoveries that are inferior to these guidelines13. In fact,
many normal donor units have 24-hour post-transfusion recoveries in the 60-70% range,12

with others consistently in the 30-50% range. Therefore, although a ≥75% 24-hour post-
transfusion RBC recovery may be expected, many of the 15 million RBC units transfused
annually in the US fail to meet this expectation.

To investigate the effects of RBC storage in a reductionist system, we developed a murine
model of RBC storage using the CPDA-1 anticoagulant preservative solution and
leukoreduction with human neonatal leukoreduction filters14. Using this model, we have
found significant variation in storage characteristics between mouse strains. For example,
RBCs from C57BL/6 mice store well, with little hemolysis in vitro, and have 24-hour post-
transfusion recoveries approaching 75% after 14 days of storage14. In contrast, RBCs from
FVB mice have 24-hour post-transfusion recoveries closer to 30% after 14 days of storage15.
We have also observed that 14-day stored RBCs from transgenic mice on an FVB
background are significantly more immunogenic than fresh RBCs, inducing high levels of
circulating pro-inflammatory cytokines16 and high degrees of alloimmunization15 in the
recipient. It is unclear if the increased immunogenicity and cytokine storm are due to
changes in the biochemistry of the RBC or are just a function of the sudden clearance of
transfused RBCs. Herein, we test the hypothesis that RBC clearance rate effects cytokine
response and immunogenicity of transfused RBCs.

RBC alloimmunization is a clinically significant problem, affecting up to 40% of patients
with sickle cell disease17-19 and approximately 3% of other patients needing RBC
transfusions20-23. In addition to increasing the risk of acute and delayed hemolytic
transfusion reactions, alloimmunization increases the risk of hemolytic disease of the
newborn24. Furthermore, locating compatible RBCs for alloimmunized patients can be a
lengthy and costly process; in fact, some patients are so highly immunized that compatible
RBCs are not obtainable. Although strides have been made in identifying factors influencing
the rate and degree of RBC alloimmunization, much remains unknown and, to our
knowledge, the role of post-transfusion clearance rate has not yet been studied in this
context.
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To test the hypothesis that rapid post-transfusion clearance contributes to the increased
immunogenicity of stored murine RBCs, we induced rapid post-transfusion clearance of
fresh RBCs by chemical or heat treatment. Phenylhydrazine induces RBC oxidant stress,
leading to rapid post-transfusion clearance by the reticuloendothelial system (RES)25-27.
Heat treatment (50°C for 30 minutes) damages RBCs in an oxidant stress-independent
manner, also leading to rapid post-transfusion clearance28,29. We now report that transfusion
of phenylhydrazine- or heat-treated RBCs, which are both rapidly cleared, results in a pro-
inflammatory recipient cytokine storm and high levels of alloantibodies, compared to
control RBCs. These results suggest that RBC clearance rates influence the immunogenicity
of murine RBCs, and that clearance rates may also be an important factor to consider in the
practice of human transfusion medicine.

MATERIALS AND METHODS
Mice

C57BL/6 and FVB mice were purchased from Jackson Laboratories (Bar Harbor, ME) or
The National Cancer Institute (Frederick, MD). HOD transgenic mice (with RBC specific
expression of hen egg lysozyme, ovalbumin, and human Duffyb)30 were bred by the Emory
University Department of Animal Resources. Recipient mice were 8-16 week old females,
and all protocols were approved by Emory University Institutional Animal Care and Use
Committee.

Murine blood collection, treatment, and transfusion
Donor HOD RBCs were collected into ACD solution by retro-orbital bleeding, and then
washed in phosphate buffered saline (PBS). RBCs were leukoreduced using Pall neonatal
leukoreduction filters (East Hills, NY) in some experiments, as previously described31.
RBCs were diluted with PBS to a 50% Hct and treated with phenylhydrazine (0.008M final
concentration, Sigma Aldrich, USA) for 2 hours at 37°C; control RBCs were incubated for 2
hours in a 37°C water bath without phenylhydrazine. In other experiments, PBS was pre-
warmed to 50°C and RBCs were diluted to a 50% Hct in this buffer; the cells were then kept
at 50°C for 30 minutes with intermittent gentle agitation. Following treatment with
phenylhydrazine or heat, RBCs were washed three times with PBS using centrifugation at
250 g.

Recipients were transfused via lateral tail vein with 100 microliters of packed RBCs in a
total volume of 300 microliters (1 “unit”). Peripheral blood (3-5 μL) was obtained from the
retro-orbital plexus of transfusion recipients at 10 and 30 minutes, and at 2 and 24 hours
after transfusion and analyzed for post-transfusion recovery of the transfused RBCs15;
serum samples for recipient cytokine analysis and alloimmunization studies were obtained at
2 hours and 2 weeks after transfusion, respectively.

Flow Cytometry
HOD antigen expression on RBCs prior to transfusion was evaluated using polyclonal anti-
HEL sera and monoclonal anti-Fy3 (MIMA 29 antibody, generously provided by Marion
Reid and Greg Halverson of the New York Blood Center); the secondary antibody was goat
anti-mouse immunoglobulins (Igs) conjugated to allophycocyanin (Becton-Dickinson,
Franklin Lakes, NJ). Post-transfusion recovery of transfused RBCs was quantified in a
similar manner, with 24-hour post-transfusion recovery defined as the percentage of
recipient HOD-positive RBCs at 24 hours divided by the estimated percentage at time 0
(determined by logistic regression analysis using Prism Graphpad Software, La Jolla, CA)14.
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Flow cytometric crossmatches were performed on sera collected two weeks following
transfusion to identify the alloantibody response to HOD RBCs. Sera were diluted 1:5 with
FACs buffer (PBS containing 0.2 g BSA and 0.9 g EDTA per liter) and crossmatched with
target HOD RBCs at a 3% concentration or control, antigen-negative, wild-type FVB RBCs.
Following incubation of sera and RBCs for 30 minutes at room temperature, the RBCs were
washed three times and secondary antibody was added. Samples were run on a FACSsort
cytometer, with FlowJo 8.8.2 Software (Tree Star, Ashton, OR) used for analysis. Adjusted
mean fluorescence intensity was defined as the mean fluorescence of serum crossmatched
with control, antigen-negative FVB RBCs subtracted from the mean fluorescence of serum
crossmatched with target HOD RBCs.

Cytokine Analysis
Cytokines, including interleukin-6 (IL-6), IL-10, monocyte chemoattractant protein-1
(MCP-1), interferon-γ (IFN-γ), tumor necrosis factor-α (TNF- α), and keratinocyte-derived
chemokine/CXCL1 (KC/CXCL1), were quantified in serum collected 2 hours post-
transfusion, using BD Biosciences Cytometric Bead Array Mouse Flex Kits (US)16.
Samples were maintained at −20°C until assayed.

Statistical Analysis
Statistical analysis on flow crossmatch and cytokine data was performed using one way
analysis of variance (ANOVA) with Bonferroni post-test or Mann Whitney U test
(Graphpad Prism software). Significance was defined by a p value of less than 0.05.

RESULTS
Phenylhydrazine treatment does not significantly alter HOD expression on RBCs, and
leads to rapid post-transfusion clearance

HOD RBCs (containing the hen egg lysozyme, ovalbumin, and human Duffyb antigens)
were treated with phenylhydrazine, washed, and transfused into C57BL/6 recipients.
Expression of the HOD antigen on phenylhydrazine-treated RBCs was evaluated by flow
cytometry, using anti-HEL and anti-Fy3. Although phenylhydrazine treatment did alter the
forward by side scatter pattern of RBCs, the transfused RBCs were intact and the HEL and
Fy3 expression patterns were not significantly altered (Figure 1A-1D).

Transfused HOD RBCs were initially identified in recipients using both the HEL and Fy3

antigens, and identified in subsequent experiments by the Fy3 antigen due to similar
observed patterns of expression. In 7 of 7 experiments (n=66 recipients total), >90% of the
phenylhydrazine-treated RBCs were cleared by 24 hours (Figure 1E shows a representative
post-transfusion recovery plot). In contrast, a minority of the untreated, fresh HOD RBCs
were cleared by 24 hours post-transfusion, with some variation from experiment to
experiment.

Transfusion of phenylhydrazine-treated HOD RBCs induces pro-inflammatory cytokine
responses in recipients

Two hours following transfusion, recipient sera were assayed for the following cytokines:
IL-6, IL-10, MCP-1, IFN-γ, TNF-α, and KC/CXCL1. Recipients of transfused, untreated,
control HOD RBCs had low levels of circulating cytokines (Figure 2), similar to those seen
in untransfused mice16. In contrast, recipients of transfused phenylhydrazine-treated HOD
RBCs had statistically significantly higher levels of KC/CXCL1 and MCP-1 (p<0.05). IL-6
levels also increased but did not reach statistical significance, presumably due to high levels
in 5 recipients of untreated HOD RBCs (single cage, single experiment); no difference in
IL-10, IFN-γ, or TNF-α levels were observed in the sera of transfusion recipients.
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Phenylhydrazine treatment significantly increases the alloimmunogenicity of transfused
HOD RBCs

Two weeks following transfusion of either phenylhydrazine-treated HOD RBCs or untreated
control HOD RBCs, circulating anti-HOD antibody levels were measured in recipients by
crossmatching sera with HOD RBCs or with control, FVB wild-type (i.e. HOD antigen-
negative) RBCs. Although the majority of mice in both experimental and control groups
mounted a detectable anti-HOD response, recipients of phenylhydrazine-treated RBCs made
significantly higher levels of alloantibodies. In 7 of 7 experiments (n=71 recipients total),
phenylhydrazine-treated RBCs were significantly more immunogenic than control RBCs.
Analysis of each independent experiment revealed a mean 25.1 fold (95% CI 9.1-41.1)
increase in adjusted mean fluorescence intensity of anti-HOD immunoglobulins in recipients
of phenylhydrazine-treated RBCs compared to untreated RBCs. In aggregate, the average
adjusted MFI compiling all 7 experiments was 152.3 in recipients of phenylhydrazine-
treated RBCs, compared to 12.5 in recipients of untreated, control HOD RBCs, p<0.05. In
comparison, the average adjusted MFI of untransfused mice was 0.6 (Figure 3). In two
experiments (n=10 recipients total), sera from recipients of phenylhydrazine-treated HOD
RBCs was also crossmatched against phenylhydrazine-treated HOD or FVB RBCs, with
similar results to those shown in Figure 3.

Heat treatment does not significantly alter HOD expression on RBCs, and leads to rapid
post-transfusion clearance

Although heat treatment produced slight alterations in the RBC forward by side scatter
pattern by flow cytometry, HEL and Fy3 antigen expression on the treated RBCs was largely
unchanged (Figure 4A-C). By varying the time of heat damage (data not shown), we
identified 30 minutes as the time at which most HOD RBCs were intact prior to transfusion,
yet they were nearly completely cleared by 24 hours following transfusion. Figure 4D shows
a representative graph comparing post-transfusion recovery of HOD RBCs heated for 30
minutes at 50°C with untreated, control HOD RBCs.

Transfusion of heat-treated HOD RBCs induces pro-inflammatory cytokine responses in
recipients

In a manner similar to that seen following transfusion of phenylhydrazine-treated RBCs,
recipients of heat-treated RBCs also demonstrated a systemic post-transfusion pro-
inflammatory cytokine storm following transfusion. Statistically significantly increased
levels of KC/CXCL-1 and MCP-1 were observed in recipients of heat-treated HOD RBCs
compared to recipients of untreated RBCs (p<0.05). Increased levels of IL-6 were seen in
recipients of heat-treated HOD RBCs in all experiments, though this trend did not reach
statistical significance due to 5 outlier animals in the untreated HOD RBC group (single
cage, single experiment). No difference in IL-10, IFN-γ, or TNF-α levels were observed in
the sera of heat-treated HOD recipients compared with untreated HOD transfusion recipients
(Figure 5).

Heat treatment significantly increases the alloimmunogenicity of transfused HOD RBCs
Two weeks following transfusion of either heat-treated HOD RBCs or untreated control
HOD RBCs, circulating anti-HOD antibody levels were measured in recipients. Recipient
sera were crossmatched with HOD target RBCs or control FVB (HOD antigen negative)
RBCs. The majority of recipients of both control and experimental HOD RBCs made a
detectable anti-HOD response; however, this response was significantly higher in recipients
of heat treated RBCs (6 experiments, n=54 recipients total). Analysis of each independent
experiment revealed a mean 10.3 fold (95% CI 3.5-17.1) increase in adjusted mean
fluorescence intensity of circulating anti-HOD immunoglobulins in recipients of heat-treated
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RBCs, as compared to recipients of untreated HOD RBCs. In aggregate, the average
adjusted MFI compiling all 6 experiments was 63.4 in recipients of heat-treated RBCs,
compared to 3.8 in recipients of untreated, control HOD RBCs, p<0.05. In comparison, the
average adjusted MFI of untransfused mice was 0.6 (Figure 6). In two experiments (n=10
recipients total), sera from recipients of heat-treated HOD RBCs was also crossmatched
against heat-treated HOD or FVB RBCs, with similar results to those shown in Figure 6.

DISCUSSION
These results show that transfusion of HOD RBCs, when pre-treated by either of two
different methods to induce rapid post-transfusion clearance (e.g. oxidative damage by
phenylhydrazine treatment or non-oxidative damage by heat treatment), led to increased
levels of some pro-inflammatory cytokines and high levels of anti-HOD alloantibodies in
recipients. In contrast, control HOD RBCs exhibited ~80-100% 24-hour post-transfusion
recovery, with low levels of recipient cytokines and alloantibodies.

Phenylhydrazine and heat each damage RBCs by different mechanisms, leaving the RBCs
intact, but inducing rapid extravascular clearance by the RES. Phenylhydrazine damages
RBCs in an oxidant stress-dependent manner25,27,32, with reactions between
phenylhydrazine and hemoglobin generating superoxide and hydrogen peroxide33. These
changes occur in both human and rodent RBCs34, with most reports suggesting that the RBC
lipid bilayer integrity is largely unaffected by phenylhydrazine treatment34,35. One
hypothesis regarding clearance of phenylhydrazine-treated RBCs suggests that the signal for
uptake by phagocytic cells results from binding of oxidized and denatured hemoglobin to the
RBC cytoskeleton.

Unlike phenylhydrazine, heat damages RBCs in a non-oxidant stress-dependent manner28.
Heat-treated RBCs have been used diagnostically for years to evaluate RES function (e.g.
radiolabeled heat-treated RBC scans)9. However, despite clinical use, the exact change(s) in
the heat-treated RBCs leading to RES clearance are not well understood29. Nonetheless, 30
minutes of incubation at 50° C causes an increase in mean cell volume, a broadening of the
RBC distribution width, a decrease in RBC plasticity, and minimal RBC fragmentation36-38.
Thus, the current studies exploit two different mechanisms of RBC damage, each ultimately
leading to rapid, predominantly extravascular, clearance of intact transfused RBCs.

The current experiments were undertaken following our observations that HOD RBCs stored
for 14 days prior to transfusion are cleared more rapidly than freshly collected and
transfused HOD RBCs. In addition to being cleared rapidly, transfusion of these stored
RBCs induces high levels of pro-inflammatory cytokines and anti-HOD alloantibodies in
recipients. These results led to the hypothesis that rapid RBC clearance provides both a large
bolus of antigen along with a so-called “danger signal,” resulting in high levels of pro-
inflammatory cytokines and alloantibodies in transfusion recipients. The current data with
phenylhydrazine- or heat-treated RBCs support this hypothesis.

The described studies were completed using HOD RBC donors, with degree of recipient
anti-HOD alloimmunization as an experimental outcome. RBC expression of the antigens
contained within the HOD construct of treated RBCs appeared largely normal by flow
cytometry, and similar results were observed when sera from immune mice was
crossmatched with untreated HOD RBCs or with those first treated with phenylhydrazine or
heat. Nonetheless, it cannot be ruled out that phenylhydrazine or heat treatment led to subtle
antigenic changes. Furthermore, it is possible that subtle changes in the HOD antigen
occurred during RBC storage in our prior work, despite HOD antigen expression in fresh
and 14-day stored RBCs appearing similar by flow cytometry15. The expression of some
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human RBC antigens is known to change over the course of storage,39 but effects of these
changes on alloimmunogenicity of the antigens remains unclear.

We have previously hypothesized that transfusion of older, stored RBCs rapidly delivers
large amounts of iron to cells in the monocyte-macrophage system, thereby inducing
inflammation. Indeed, transfusion of syngeneic 14-day stored murine RBCs increases
plasma non-transferrin bound iron levels, leads to substantial tissue iron deposition, and
results in cytokine storm16. Furthermore, we have previously shown that transfusion of 14-
day stored syngeneic murine RBCs synergizes with endotoxinemia to cause severe
disease16. It has been published that recipients of phenylhydrazine-treated RBCs are more
susceptible to bacterial sepsis40,41, potentially due to excess iron delivery. Thus, the current
results may support the previously-described “iron hypothesis,” with transfusion of
phenylhydrazine- or heat-treated RBCs leading to rapid clearance of intact RBCs by the
recipient RES, potentially increasing non-transferrin bound iron levels, and increasing pro-
inflammatory cytokines.

Although rapid post-transfusion clearance was associated with increased RBC
alloimmunization in the described studies, rapid clearance of transfused RBCs is likely not
an absolute requirement for alloimmunization. In prior work by us and others, recipient
inflammation with the toll-like receptor agonists polyinosinic:polycytidylic acid (poly(I:C)),
or the addition of CpG dinucleotides to transfused RBCs, leads to increased rates and
magnitude of alloimmunization to several different transgenic RBC antigens (e.g.
membrane-bound hen egg lysozyme (mHEL), HOD, and human glycophorin A
(hGPA))31,42,43. Although recipient treatment with poly (I:C) subtly alters patterns of
transfused RBC consumption by recipient antigen presenting cells in the spleen and liver44,
the observed high degrees of RBC alloimmunization in the presence of poly (I:C) are
presumably independent of the overall rate of RBC clearance by the RES.

Caution must be exercised in extrapolating the current results, acquired using a murine
system, to the practice of human transfusion medicine. Nonetheless, the RBCs from certain
human donors are consistently cleared rapidly after refrigerated storage (e.g. 24-hour post-
transfusion recoveries of ~30%13). Furthermore, certain manipulations of RBCs in the Blood
Bank prior to transfusion (e.g. washing, volume reduction, and gamma irradiation) also
decrease post-transfusion recovery12. Finally, stored RBCs transfused at or near their
expiration dates have inferior post-transfusion recovery, as compared to RBCs transfused
soon after collection.12 Thus, in addition to the likelihood that RBC units with inferior post-
transfusion recovery are impaired in their ability to enhance recipient hemoglobin levels and
overall RBC oxygen carrying capacity, they may also increase the risk of adverse
transfusion outcomes (e.g. alloimmunization and/or cytokine storm).

Although the described results were generated using a different antigen, they may also have
practical implications for the purposeful production of human antibodies (e.g. anti-D
production for the manufacture of Rh immune globulin). For example, it is possible that
transfusion of heat-treated or older, stored human Rh(D)-positive RBCs into Rh(D)-negative
individuals may induce higher titer anti-D, as compared to freshly collected and transfused
Rh(D)-positive RBCs. Because nearly 100% of the murine recipients in the current study
developed anti-HOD alloantibodies detectable by sensitive flow cytometric assays after
transfusion of control HOD RBCs, it is currently unclear whether phenylhydrazine or heat
treatment of RBCs merely increases the titer of alloantibodies in “responders,” or whether
this treatment also increases the number of responders. However, caution is also warranted,
as heat treatment of human RBCs may lead to the creation of undesired antigens, and may
increase the immunogenicity of not just one but multiple antigens.

Hendrickson et al. Page 7

Transfusion. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In conclusion, we have now observed the same phenomena (increased cytokine burst and
increased alloimmunization) in response to three separate insults to RBCs that result in rapid
clearance following transfusion: storage, phenylhydrazine treatment, and heat treatment.
Each of these insults presumably results in an array of changes to the RBC, and it is not
methodologically possible to isolate clearance as a variable distinct from the other molecular
changes. However, as increased clearance is a common variable to each mechanism of
damage, and both cytokine burst and enhanced alloimmunization were observed in all three
cases, these data are consistent with the hypothesis that rapid clearance of RBCs is causally
involved in both pro-inflammatory cytokine storm and RBC alloimmunization. Being
cognizant of the inherent limitations of the described studies, these data nonetheless suggest
that human donor RBCs with more favorable post-transfusion clearance profiles may be less
immunogenic.
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Figure 1. Phenylhydrazine treatment does not significantly alter HOD expression on RBCs, and
leads to rapid post-transfusion clearance
Panels A and B: forward by side scatter plot of control, untreated RBCs and
phenylhydrazine-treated RBCs, respectively; Panels C and D: representative anti-HEL and
anti-Fy3 staining, respectively, of control (solid) and phenylhydrazine-treated (dashed)
RBCs, following treatment but prior to transfusion; plots are ungated and the secondary
antibody alone control is shaded; Panel E: 24-hour post-transfusion recovery of control
(solid squares, solid line) and phenylhydrazine-treated (solid diamonds, dashed line) RBCs,
with transfused RBCs identified in recipients by anti-Fy3 staining, mean ± standard
deviation for 10 and 30 minutes, and 2 and 24 hours post-transfusion (n=3 mice/group).
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Figure 2. Circulating pro-inflammatory cytokines increase in the sera of recipients following
transfusion of phenylhydrazine-treated HOD RBCs
HOD RBCs were treated with phenylhydrazine (PHZ; solid squares) or left untreated (solid
circles), and 1 unit (100 microliters) of either type was transfused into each recipient. Two
hours following transfusion, recipient sera were analyzed for the presence of KC, MCP-1,
and IL-6 (*p<0.05). No statistically significant differences were seen with IL-10, IFN-γ, or
TNF-α (data not shown).

Hendrickson et al. Page 12

Transfusion. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. Transfused phenylhydrazine-treated HOD RBCs are significantly more immunogenic
than control, untreated HOD RBCs
Two weeks following transfusion of 1 unit of phenylhydrazine-treated (i.e. “PHZ treated”)
or control HOD RBCs, recipient anti-HOD alloantibody response was evaluated by flow
cytometry. Sera were crossmatched with target HOD or control FVB RBCs, with the
adjusted mean fluorescence intensity (MFI) shown (data are a compilation of 7 independent
experiments, n=71 recipients total).
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Figure 4. Heat treatment does not significantly alter HOD expression on RBCs, and leads to
rapid post-transfusion clearance
HOD RBCs were heated at 50°C for 30 minutes prior to transfusion. Panel A: forward by
side scatter plot of heat-treated RBCs; Panels B and C: representative anti-HEL and anti-
Fy3 staining, respectively, of control (solid line) and heat-treated (dashed line) RBCs
following treatment and prior to transfusion; plots are ungated and the secondary antibody
alone control is shaded; Panel D: 24-hour post-transfusion recovery of control (closed
squares; solid line) and heat-treated (closed diamonds; dashed line) RBCs, with transfused
RBCs identified by anti-Fy3 staining, mean ± standard deviation for 10 and 30 minutes, and
2 and 24 hours post-transfusion (n=5 mice/group).
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Figure 5. Circulating pro-inflammatory cytokines increase in the sera of recipients following
transfusion of heat-treated HOD RBCs
HOD RBCs were heat treated (solid squares) or left untreated (solid circles), and 1 unit (100
microliters) of either type was transfused into each recipient. Two hours following
transfusion, recipient sera were analyzed for the presence of KC, MCP-1, and IL-6
(*p<0.05). No statistically differences were seen with IL-10, IFN-γ, or TNF-α (data not
shown). Cytokine levels from control recipients in this figure are also shown in Figure 2.
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Figure 6. Transfused heat-treated HOD RBCs are significantly more immunogenic than control,
untreated HOD RBCs
Two weeks following transfusion of 1 unit of heat-treated or control HOD RBCs, recipient
anti-HOD response was evaluated by flow cytometry. Sera were crossmatched with target
HOD or control FVB RBCs, with the adjusted mean fluorescence intensity (MFI) shown
(data shown are a compilation of 5 independent experiments, n=54 recipients total).
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