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Enhanced oxygen delivery to tissues has been shown to improve

endurance performance [1]. This has led to widespread abuse of

erythropoiesis-stimulating agents (ESA) in elite sport. It is conceiv-

able that athletes have even learned how to continue illicit ESA

doping [2]. This possibility has fuelled the search for novel meth-

ods to detect and deter ESA abuse using ‘‘indirect’’ markers. It is

now widely accepted that drugs influence gene expression [3,4]. In

this study, we envisage its use as a means to detect ESA doping.

We obtained a global view of the transcriptome of total blood cells

both before and after treatment with darbepoetin alpha using the

serial analysis of gene expression (SAGE) method. In silico analysis

identified 95 genes whose differential expression was subsequently

tested by quantitative real-time polymerase chain reaction (PCR) in

two athletes. The athletes were treated first with high doses of

recombinant human erythropoietin (rHuEpo) to increase their hemo-

globin concentration and then with microdoses to maintain the

high concentration of hemoglobin. Significance analysis of microar-

rays (SAM) at a delta ratio greater than 1.5 indicated that 33 genes

could be significant markers of ESA administration. Interestingly,

when high and microdoses were taken into account together, five

genes could still be considered as significant markers.

It is well known that the interaction of a drug with a biological system can

result in a gene expression profile or signature that is characteristic of the

event. The more recently developed methods that estimate quantitative and

qualitative differences in mRNA are microarray analysis [5] and SAGE [6].

We used the SAGE technique to obtain a global view of the blood transcrip-

tome to observe gene profiles before, during and after ESA treatment and to

determine indirect markers of ESA abuse. Indeed, although ESAs differ in

pharmacokinetic, pharmacodynamic and receptor-binding properties, they all

share the same mechanism of action: binding and activating the Epo

receptor [7].

Three SAGE libraries were constructed by pooling blood samples from 14

athletes (seven males and seven females) before (J-1), during (J10) and

after (P17) darbepoietin administration. The mean hemoglobin concentration

values were 14.8 ± 0.3 g/dl (J-1), 15.7 ± 0.4 g/dl (J10), 16.2 ± 0.6 g/dl (P17)

for males and 13.1 ± 0.4 g/dl (J-1), 13.9 ± 0.6 g/dl (J10), 15.1 ± 0.3 g/dl

(P17) for females.

SAGE allows quantitative analysis of genome-wide expression profiles of

tissues or cell lines [8–11]. We sequenced 60,000 tags from the three libra-

ries. Among the 19,713 unique transcripts that were identified, 55% corre-

sponded to known genes, 12% to ESTs, and 33% to unidentified genes.

Next, genes were classified according to their profiles during the three peri-

ods using the K-means clustering (KMC) algorithm. Thus, according to these

criteria, 360 downregulated and 240 upregulated SAGE-tags were selected

(Fig. 1).

The three SAGE librairies were integrated onto a Biotag bioinformatics

platform, which incorporates SAGE transcriptome data from the scientific

community on a monthly basis. One of the advantages of SAGE data is that

pathological and normal cells/tissues can be compared [12]. Thus, the bioin-

formatics analyzes of the Epo SAGE libraries were compared first with the

25 available blood cell SAGE libraries and then with the 960 SAGE libraries

of pathological and normal cells/tissues [13].

The final in silico step of selection was to discard those genes whose

expression could be misinterpreted in the final analysis (Fig. 1). For exam-

ple, we identified a similar induction of the RAD23B (NM_002874) gene.

Indeed, RAD23B was increased both in blood cells with darbepoetin alpha

treatment and in monocyte/macrophage cells stimulated with lipopolysac-

charide (Gene Expression Omnibus id: GSM136119). Therefore, a set of 95

well-identified SAGE tags was selected and analyzed with a real-time PCR

platform (www.skuldtech.com/ESA).

We explored putative functions in the selected genes using theKyoto

Encyclopedia of Genes and Genomes (KEGG) database [14] and checked

the physiological relevance of using various blood cell types as biomarkers.

Indeed, we compared these genes and their profiles in transcriptomic mye-

loid and lymphoid normal lineages (Fig. 2). Interestingly, although the

kinetics used could not indicate Epo as a direct or indirect cell-type specifi-

cation factor, gene expression analysis revealed the profiles of the blood cell

types.

A functional genomic study using KEGG showed events predominantly

related to proliferation and differentiation. Many of the changes concerned

genes involved in the translation process and cell growth regulation; for

example, the genes of the translation machinery (ribosome biogenesis) were

found to be increased with rHuEpo treatment. We also observed the induc-

tion of gene markers associated with Epo and thrombopoietin pathways,

known to be involved in the proliferation and differentiation of erythroid and

megakaryocytic lineages, as well as more primitive progenitors. Moreover,

we found an increase in the genes involved in blood cell-specific functions

like Epo or CD45 receptors. Finally, we retrieved the markers associated

with an upregulation of the genes involved in the hemoglobin complex. It is

noteworthy that our set of markers contained only one gene downregulated

and involved in the MHC class I protein complex and immune response. The

most important groups were cytokine-cytokine receptor interaction with the

receptors CX3CR1 [chemokine (C-X3-C motif) receptor 1], EPOR (erythro-

poietin receptor), IL8RB (interleukin 8 receptor, beta) and IL10RA (inter-

leukin 10 receptor, alpha) and the ligands CCL3 chemokine [(C-C motif)

ligand 3], IFI30 (interferon, gamma-inducible protein 30) and TNFSF10

(tumor necrosis factor, member 10).

The 95 gene profiles from total blood cells were analyzed by RT-qPCR

(TaqMan assays on an Applied Biosystems platform). The expression of

selected genes was modified during high-dose administration, which con-

firmed the SAGE results. During the kinetics of selected gene expression,

we observed a two-stage variation. For most of the genes, the modification

in expression appeared 5 days after the first ESA administration, was

maximal at the end of the high-dose treatment, and thereafter decreased

more or less quickly. Few genes were over-expressed during microdose

treatment.

To facilitate interpretation, our gene expression was measured using a

time interval of three periods corresponding to three rHuEpo administration

levels: Period 0, was baseline; Period 1, was high-dose; and Period 2, was

microdose.

The final investigation used SAM, the most popular method both to

detect significantly expressed genes and to provide an estimate of the

false discovery rate (FDR) for multiple testing. We determined the statisti-

cal significance of the observed differential expression in two cases, taking

into account a period with only high doses (Period 0 versus Period 1) and

a period with high and microdoses (Period 0 versus Periods 1 and 2).

Considering the period with only high doses (Period 0 versus Period 1)

and a delta ratio with previous periods higher than 1.5 (SAM parameter),

we found that 33 genes could be considered as significant markers

(means FDR 5 0%) (www.skuldtech.com/ESA). With the same parameter
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(delta ratio higher than 1.5), when high and microdoses were considered only

five genes could be declared as significant (Fig. 3) (www.skuldtech.com/ESA).

Interestingly, SAM analysis did not yield any downregulated genes in

blood cells.

Of course, we found the effect of ESA of the induction of the erythropoie-

sis. Among the targeted genes induced by Epo, we retrieved the hemoglobin

gene family (HBA2, HBB, and HBD ); the receptor EPOR, which is directly

involved in the proliferation and differentiation of erythroid progenitors [4];

glycophorin C (GYPC ), which plays an important role in regulating the

stability of red blood cells [15]; and ERAF, which acts as a chaperone to pre-

vent the harmful aggregation of alpha-hemoglobin during normal erythroid

cell development [16].

However, the biological activity of Epo is not restricted to erythropoiesis

regulation, and some of the regulated genes are involved in the development

of specific blood cells, like LST1 and its putative role in lymphocyte prolifera-

tion [17]. Also, the genes are required to control a variety of signal transduc-

tion pathways for specific blood cell maintenance, like S100A9, which has a

role in the regulation of leukocyte migration [18], or GBP1, a cytokine which

contributes to the regulation of monocyte adhesion [19]. Last, we observed

some of the genes implicated in antigen processing and presentation, like

B2M [20] or TSTA3, which catalyzes the two-step epimerase and reductase

reactions in GDP-D-mannose metabolism. This produces GDP-L-fucose,

which is in turn involved in the expression of many glycoconjugates, includ-

ing blood group ABH antigens and developmental adhesion antigens [21].

These findings are consistent with the role of Epo in governing several

cellular pathways and they suggest future directions for clinical trials, as

described by Maiese et al. [22].

To confirm potential genes as biomarkers of ESA treatment in our study,

we set up a real-time PCR platform and explored the differential expression

of 95 selected genes. The data were supervised with SAM software. With a

delta parameter greater than 1.5, SAM revealed 33 genes with a signature

of high-dose ESA administration. This number was reduced to five when

high and low doses were taken together. Our results suggest that measure-

ment of gene expression changes could be a very interesting parameter to

help in detecting ESA misuse, particularly by reinforcing the interpretation of

the hematological passport [23]. One important characteristic of this novel

approach is its robustness despite the use of masking agents and/or micro-

dose regimens. The five selected genes were still over-expressed at least

one week after the end of microdose treatment (Fig. 2), whereas the direct

test based on isoelectric separation of Epo isoforms was unable to detect

the administered ESA (rHuEpo) 24 hr after the last administration [2].

Moreover, the increase of EPO’s biosimilars and EPO’s copies could make

definitive identification problematic [24].

Figure 1. Flow diagram of selected genes: successive steps describe the selection
of genes from the three SAGE libraries to real-time PCR analysis and statistical analy-
sis. BEFORE is the library with blood samples taken before darbepoetin alpha treat-
ment (baseline), DURING with blood samples taken during the darbepoetin alpha
treatment phase (10 days after the first injection) and AFTER with blood samples
taken after the darbepoetin alpha treatment phase (17 days after the last injection).
SAGE libraries are available on NCBI databases. HUGO is the Human Genome
Organization for gene nomenclature. K-means and SAM are statistical approaches.

Figure 2. Global view of targeted genes in different normal blood cells types.
Hierarchical clustering (HCL) of gene expression profiles was constructed from
available human SAGE libraries (Biotag) which are Gene Expression Omnibus
(GEO) labeled: from left to right, CD34 cells (GSM43175), leukocytes (GSM709),
monocytes (GSM118371), macrophages (GSM136120, GSM1361201 and
GSM264073), B cells (GSM136199), T cells CD4 (GSM136194 and GSM3245), T
cells CD8 (GSM136198) and NK cells (GSM136197). Red and green indicate,
respectively, weak and high expression. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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The interindividual variation in the selected genes needs to be deter-

mined on a large population of male and female athletes from different dis-

ciplines and parallel research must also establish the stability of these

markers in different circumstances, such as training in normoxia and

natural or artificial hypoxia. Further research is required to reinforce our

findings and to explore the hypothesis that not only current ESAs but also

new Epo mimetics in advanced stages of clinical trials and Epo gene

therapy may yield detectable ‘‘fingerprints’’ of prior use.

Patients and Methods

The studies were approved by the local medical ethics committees of

Copenhagen, Denmark (KF01-070/03), and Montpellier, France (040702), in

accordance with the revised Helsinki Declaration. All subjects were non

smokers and did not take part in any kind of organized sports.

The three SAGE libraries were constructed by pooling blood samples

from 14 healthy, recreationally active subjects. Subject characteristics

(mean ± SD) for males were: age, 26 ± 3.2 yr; body mass, 79.2 ± 8.6 kg;

Figure 3. Measures of (A) hemoglobin concentration and reticulocyte percentage and (B) gene expression profiles of five markers in two athletes injected successively
with high (period in dark gray) and micro- (period in clear gray) doses of recombinant human Epo. (A) Full curves represent reticulocyte percentage. Dotted curves repre-
sent hemoglobin concentration and dotted full lines represent the recommended limit for athletic competition. (B) Tendency curves of the five genes selected by SAM dur-
ing high and microdoses. RNA was quantified real-time PCR and assessed by calculating 2-DDCT. Data are expressed in log and Day 0 is equal to 0. Experiments were
done in duplicate.
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height, 181.3 ± 3.5 cm. The corresponding values for females were: age,

24.5 ± 4.5 yr; body mass, 57.6 ± 12.8 kg; height, 167.1 ± 7.2 cm. All sub-

jects had subcutaneous injections of 0.72 mg kg21 wk21 of darbepoetin

alfa (Aranesp, Amgen Europe B.V., Netherlands), administered weekly for

4 weeks). One week before the study until 2 wk after, female and male

subjects were orally supplemented each day with 200 and 100 mg of iron,

respectively.

Our second study recruited two well-trained male subjects (28 yr, 74 kg,

176.5 cm, regional level triathlete; 31 years old, 62 kg, 170 cm, national

level long distance runner). Initially, red blood cell production was rapidly

accelerated in both subjects by high doses of rHuEpo (�260 IU/kg injections

on days 0, 2, 4, 7, 9, and 11) in conjunction with a single intravenous iron

treatment (100 mg), with the goal of elevating hemoglobin (Hb) concentra-

tion to �170 g/L. Over the next three weeks, injections were given every 2

to 3 days (injections on days 15, 17, 19, 22, 24, 26, 29, 31, and 33) and

doses were adjusted by a pharmacologist guided only by basic hematologic

information (blood and reticulocyte counts; no urine profiles were provided

as feedback). Microdoses were less than 10% of the initial dose (exact dos-

age undisclosed to prevent replication by athletes). Longitudinal samples

from the first subject were collected five times during the high-dose period

(days 2, 4, 6, 8, 10), seven times during the microdose period (days 14, 18,

21, 23, 25, 28, 31) and once 6 days after the last injection (day 37). The

second subject was sampled four times during high-dose period (days 2, 4,

6, 9), six times during the microdose period (days 17, 19, 23, 28, 32, 37)

and once 8 days after the last injection (day 45).

Posture was standardized with each subject seated for five min

before assuming a supine position for venipuncture (blood sampled from an

antecubital vein).

Total RNA was extracted from 2.5 ml of blood using the PAXgene blood

RNA kit (Qiagen, Courtaboeuf, France), following the protocol provided by

the manufacturer. The quality of total extracted RNA using the PAXgene1

method was checked by capillary electrophoresis analysis via an Agilent Bio-

analyzer 2100 (Agilent, Palo Alto, CA). RNA quantity was measured using a

NanoDrop ND-1000 spectrophotometer (Thermo Scientific, Les Ulis,

France).

Libraries were constructed using the I-SAGE kit for genome-wide

expression analysis (Invitrogen, Cergy Pontoise, France) according to the

protocol developed by Velculescu [6]. Briefly, a pool of mRNA samples

was converted into cDNA using biotinylated oligo(dt) primer linked to mag-

netic beads. The cDNA were cleaved using the NlaIII anchoring enzyme.

Digested DNAs were split in two and each ligated with one of two adapters

containing a restriction site of BsmFI tagging enzyme. The two pools of

the obtained tags were ligated to one another and served as templates for

PCR amplification. The PCR product [containing two tags (ditag) linked tail

to tail] was then cleaved with the NlaIII anchoring enzyme, thus releasing

21 bp-long ditags that were then concatenated by ligation, cloned and

sequenced.

Bacterial colonies were screened by blue/white selection to identify those

that harbored vectors containing ditags. PCR was performed directly on

white bacteria for 35 cycles of 30 s at 958C, 30 s at 588C and 45 s at 728C

with an initial heat activation of the enzyme for 5 min at 958C and a final

extension of 5 min at 728C. Primers used for PCR amplification were the

universal M13 primers. Sequencing reactions were performed on PCR prod-

ucts by PCR amplification according to Applied Biosystems (Big Dye Termi-

nator) or Amersham Pharmacia Biotech (ET terminator) protocols by

Genome Express (Grenoble, France).

Generation of expression matrices, data annotation, filtering, and process-

ing were performed using Biotag in-house software. Data annotation was

based on the UniGene build no. 172. Sequence files were analyzed using

software developed by Skuldtech (Montpellier, France). This software

(C1tag program) extracts experimental data and enumerates tags from con-

catemers. Tags corresponding to linker sequences were discarded, and

those originating from duplicate ditags were counted only once. For tag

identification (Preditag program), the library tag list was matched against

public databases like UniGene. Preditag annotated tag-to-gene with a confi-

dence of annotation. This information was extracted from the leader

sequence of UniGene Cluster or another sequence in the cluster in both

directions. Then, an algorithm (Probatag program) allowed the comparison

between libraries and measured the threshold of significance of the

observed variation (P < 0.01). The SAGE libraries were deposited on the

NCBI database (GEO numbers are respectively GSM389906, GSM389907,

and GSM389908 for the Before, During and After SAGE libraries).

The cDNA was synthesized using 300 ng of total RNA and performed with

the SuperScriptTM II First-Strand Synthesis SuperMix (Invitrogen, Cergy

Pontoise, France). PCR reactions were performed according to the Applied

Biosystems protocol for the 7900HT ABI Prism Real-Time PCR System and

a 384-well plate (Micro Fluidic Card). Standardization and quality control

studies of RT-qPCR were based on the study of the Europe Against Cancer

program [25,26], which includes a total of 26 European university laborato-

ries from ten countries. This study demonstrated no statistically significant

difference in expression levels in peripheral blood from paired samples. RNA

quantification was assessed by calculating 22DDCT [27]. The Ct values of

both the calibrator and the samples of interest were normalized to an

endogenous housekeeping gene, GAPDH mRNA (NM_002046).

Statistical Analysis

The Biotag platform is a dedicated platform constructed to provide integral

access to SAGE data. More than 960 SAGE libraries are integrated on this

platform [13]. Normalized and filtered expression files were analyzed for

multiple experiment analysis. To analyze the expression signature before

and during/after Epo treatment in blood cells, KMC, an unsupervised cluster-

ing statistical method, [28], was applied using the open source Java-based

software package, Multiexperiment Viewer, version 3.01 [29].

For statistical analysis of qPCR, we used the SAM software package from

Stanford University [30]. This method was chosen over conventional statisti-

cal tests because of its acceptance in the microarray community, its general

simplicity and its ability to provide an estimate of the FDR. The FDR is par-

ticularly important when comparing the expression of thousands of genes

simultaneously.
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Hemoglobin H-constant spring in North America: An alpha
Thalassemia with frequent complications

Sylvia Titi Singer,1* Hae-Young Kim,2 Nancy F. Olivieri,3 Janet L. Kwiatkowski,4 Thomas D. Coates,5

Susan Carson,5 Ellis Neufeld,6 Melody J. Cunningham,6 Patricia J. Giardina,7 Brigitta U. Mueller,8

Charles T. Quinn,9 Ellen Fung,1 and Elliott Vichinsky1 for the Thalassemia Clinical Research Network10

Hemoglobin H-constant spring (Hb H-CS), the most common nondele-

tional alpha thalassemia in Asia is increasingly recognized in North

America due to shifts in immigration patterns. In California, alpha (a)-
thalassemia syndromes are the second most frequent finding among

newborns screened for hemoglobinopathies with a two-fold increase

compared to a decade earlier [1,2]. Though known to have a more

severe anemia than Hb H disease, the other clinical findings of Hb H-

CS are not well described. Moreover, beneficial therapies that have

become available in the last decade are often not applied to their care.

This analysis of 46 patients enrolled in the Thalassemia Clinical

Research Network (TCRN) age 13+/- 10 years old, with Hb H-CS

revealed moderate anemia (mean 8.7 ± 1.5 g/dl), regular transfusion

therapy in 24% of patients, and splenomegaly or prior splenectomy in

one-third of them. Serum transferin receptor (sTfr), was elevated; (44.4

± 18 mcg/ml normal range 2.9–8.3 mcg/ml), reflecting ineffective eryth-

ropoiesis, which in turn leads to high iron absorption and increased

ferritin levels in younger (median 5 187 ng/ml) and older (median 5

465 ng/ml) nontransfused patients. These findings along with moder-

ate growth delay and low bone mass were more prevalent in Hb H-CS

patients compared to deletional Hb H disease. Our results highlight

the required monitoring of the extent of anemia, growth, splenomegaly,

iron overload, gallstones, bone density and assessment of need for

transfusions and specific treatments for disease complications.

The constant spring (CS) termination codon mutation (a142 STOP?Gln; TAA?
CAA), is the most prevalent nondeletional a globin mutation in Southeast Asia

(SEA) and southern China. DNA diagnosis of Hb H-CS, a combination of two

cis a-gene deletions and one CS mutation is often required because the Con-

stant Spring, a slow moving band produced in small quantities, can be missed

by electrophoresis. It is inadvertently mistaken for the more common, three a-

gene deletion—Hb H disease—typically a milder type of a thalassemia. In

North America, clinical data on a thalassemia, in particular concerning Hb H-

CS, is lacking. Moreover, recent advances in technology for diagnosis and

treatment of thalassemia-induced complications are therefore rarely considered

for this patient population. We sought to characterize the clinical and hemato-

logical findings in patients with Hb H-CS in North America, addressing findings

that can impact on their clinical care. Genotyping of 836 thalassemia patients

identified 106/836 (12.7%) with Hb H (three gene deletion) and 46/836 (5.5%)

with a nondeletional mutation; 44 with Hb H-CS, and two (twin sibling) patients

with Hb Dartmouth [3]. Among the patients with Hb H-CS–SEA/aCSa was the

most common genotype, detected in 86% of genotyped patients. (Table I).

Mean Hb, available in a subset of patients, was lower in the nontransfused Hb

H-CS patients; 8.7 g/dl ± 1.5, compared to patients with Hb H; 9.4 g/dl ± 0.8.

Mean Hb in 2/5 patients with Hb H-CS who also carry an E beta globin muta-

tion was lower 7.6 g/dl ± 0.9. All patients were prescribed folic acid supple-

mentation (1 mg daily) and compliance was similar among Hb H and Hb H-CS

individuals, at 80%.

Splenomegaly or a prior splenectomy was common among the Hb H-CS

patients, but rare in those with Hb H disease; 26% vs 3%, p5 0.0001. In the non-

transfused patients with Hb H-CS, splenectomy lead to a higher mean Hb level:

9.62 ± 2.44 g/dl vs. 8.40 ± 1.00 g/dl. Postsplenectomy portal vein thrombosis was

reported in one subject with Hb H-CS. Cholelithiasis was common, detected in

eight patients (18%), 4 symptomatic cases underwent cholecystectomy.

Patients with Hb H-CS had significantly higher levels of sTfr in comparison

to the Hb H patient group; 44.4 ± 18 mcg/ml vs. 19.0 ± 9.6 mcg/ml (P <

0.0001, normal 2.9–8.3 mcg/ml). sTfr levels were lower in transfused Hb

H-CS patients; 37.6 ± 33.7 mcg/ml.

Eleven of the 46 (24%) with Hb H-CS and 2 (1.8%) of the Hb H patients

were placed on regular transfusions and chelation therapy. Mean age of ini-

tiation of transfusions was 3.5 ± 1.3 years (range 2–5 years). Among non-

transfused patients, mean ferritin level was higher in Hb H-CS than in the

Hb H (375.2 ± 406.1 ng/ml vs. 175.9 ± 304.2 ng/ml, P < 0.0001). Ferritin

levels were higher in those 18 years or older (n 5 9, mean age 5 26.7 years)

compared to the younger cohort (n 5 22, mean age 5 10.4 years): 490 ± 285
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(median 5 465 ng/ml, range:137–1153 ng/ml) vs. 328 ± 443 (median 5 187

ng/ml, range: 37–1835 ng/ml). Among transfused Hb H-CS patients mean fer-

ritin concentration was 2511 ± 2262 (median 5 1833 ng/ml, range: 329–6852

ng/ml) and liver iron concentration obtained in five of them showed significantly

elevated levels (27 ± 14 mg/gm dry wt). None of the patients were reported to

have clinically evident iron-induced heart disease.

Growth delay was more apparent in the Hb H-CS patients (n 5 19) in

compared to 20 Hb H patients; Mean height Z score was 21.34 ± 0.98 for

Hb H-CS vs. 20.82 ± 1.15 for Hb H (P 5 0.16) (Fig. 1). Mean weight Z

score was 21.15 ± 0.88 for Hb H-CS vs. 20.83 ± 1.61 for Hb H (P 5 0.47).

On average, patients with Hb H-CS had lower spine bone mineral density

(BMD) Z-scores compared to those in Hb H patients: mean L1-L4 spine Z/T-

score of 21.60 ± 0.86 vs. 20.93 ± 0.80 (P 5 0.02). None of the Hb H-CS

patients had evidence of growth hormone deficiency, diabetes mellitus,

hypothyroidism or hypoparathyroidism. Four out of ten (40%) adult females

had one or more successful pregnancies, most of whom required transfu-

sion support during pregnancy.

The compound heterozygocity for a deletional mutation in combination

with the CS mutation results in less a-globin mRNA production by the

remaining functional a-gene in comparison to a three a-gene deletion.

Therefore more a/b imbalance occurs and more Hb H (b4 tetramers) pre-

cipitates in the cell causing local oxidative damage, membrane

dysfunction and shortened RBC survival [4]. In addition, direct membrane

pathology is induced by aCS chains [5]. This results in increased ineffective

erythropoiesis and hemolysis, causing a more severe phenotype than that

of deletional Hb H as previously described [6–8] and as observed in this

cohort of patients. Coinheritance of Hb E (also common in South-East

Asia) with H-CS has resulted in a lower Hb; it was previously named

AEBart’s disease and noted to be more severe [9]. The finding of such

coinheritance is useful in genetic counseling and prediction of clinical

outcome.

Heterozygocity and H-CS Serum transferin receptor levels have not been

assessed before in patients with Hb H-CS. High levels were reported in Hb

H patients and in patients with b thalassemia intermedia [10–12]. However,

the mean sTfr level in our cohort (44.4 ± 18.2 mcg/ml) was much higher

than that reported in these studies; 5.6 ± 1.8 mcg/ml [10] and 25.5 ± 7 mcg/

ml [12], suggesting a higher extent of marrow activity and ineffective erythro-

poiesis. This concurs with a previous study demonstrating that despite maxi-

mal marrow erythropoiesis the compensation for the short RBC survival in

Hb H-CS is inadequate [13]. In clinical practice precipitous drop in hemoglo-

bin are frequently observed due to a hemolytic or aplastic crisis; this is fre-

quently triggered by pyrexia or infection. It is likely that the marrow is unable

to adequately respond to an abrupt fall in hemoglobin due to an already

existing high rate of ineffective erythropoiesis. Episodes of precipitous drop

in hemoglobin may influence the decision to initiate regular transfusion ther-

apy and may be unnecessary in some cases. Eleven patients (24%) were

started on regular transfusions, a higher rate than that of reports from Thai-

land and Hong Kong, where transfusion therapy was infrequent [4].

Hemoglobin concentration did not differ between younger and older patients

(Table I) as also shown in a Mediterranean type of nondeletional Hb H dis-

ease in Sardinia [14]. Long-term studies are needed for evaluation f the

change in hemoglobin over time and need for transfusion support during

adolescence and in older patients. Several patients in this study have bene-

fited from a splenectomy with increase in hemoglobin and reduced fre-

quency of precipitous drop in hemoglobin. Post surgical portal vein thrombo-

sis was seen in one patient and has been noted before [15], underscoring

the higher risk for thrombotic events in some types of thalassemia after sple-

nectomy.

Ferritin levels were moderately elevated in the nontransfused patients

and a trend of increase with age was noted. High ferritin levels (841 ±

1,000 ng/ml) and a correlation with age in Hb H-CS has been reported

before [6]. Increased iron absorption and subsequent increase liver iron

has been described in 85% of patients with Hb H disease [16]. Despite

high hepatic pancreatic and pituitary iron observed by MRI, cardiac hemo-

TABLE I. Patients Main Clinical and Hematological Characteristics

Hb H-CS
(N 5 46)

HbH
(N 5 106) P value

N (%) or
mean (SD)

N (%) or
mean (SD)

Age (y), mean (SD) 13 (10.6) 9 (10.9) 0.03
Gender (male) 24 (52%) 52 (49%) 0.72
Adult (�18 y) 11 (24%) 13 (12%) 0.07
Splenomegaly 6 (13%) 1 (1%) 0.001
Splenectomy 6 (13%) 2 (2%) 0.01
Regular transfusions (�8/year) 11 (24%) 2 (2%) <0.0001
Ferritin (ng/ml) nontransfused 375 (406) 176 (304) <0.0001
Hb(g/dl) nontransfused 8.7 (1.5) 9.4 (0.8) 0.09
Alpha globin genotype 37 (80%)
SEA deletion/CS 32
Filipino deletion/CS 2
3.7 kb deletion/CS 1
SEA deletion/Hb darmouth 2

Beta gene phenotype 35 (76%)
Heterozygous E mutation 4
Homozygous E mutation 1
No beta mutation 30

Pregnancy
(females reproductive age)

4/10 (40%) 6/11 (55%)

Cholecystectomy 4 (9%) –
Known cholelithiasis 4 (9%) –
Bacteremia/sepsis 3 (6.5%) 2 (1.9%) 0.17
Postsplenectomy thrombosis 1 –

Figure 1. Height Z score grouped by age in Hb H and in Hb H-CS patients.
Height Z-score (dashed line) was reduced (<21 SD) in all Hb H-CS age groups
while normal in Hb H patients <21 years old (solid line). A discrepancy in height
scores in subjects �21 years is noted, possibly reflecting different rates of
improved growth velocity after reaching puberty.

TABLE II. Growth Parameters Among Transfused and
Nontransfused Patients

Height Z score Weight Z score
mean (SD) mean (SD)

Hb H-CS (n 5 19) 21.34 (1.0) 21.15 (0.9)
Hb H-CS transfused (n 5 4) 22.15 (0.95) 21.88 (1.09)
Hb H-CS nontransfused (n 5 15) 21.13 (0.9) 20.96 (0.74)
Hb H (n 5 17) 20.82 (1.1) 20.83 (1.6)

Transfused patients had lower Z scores suggesting a possible effect of the more
severe iron overload noted in this subgroup, on growth and development. Alterna-
tively, these patients may have had a worse clinical course that required imitation
of regular transfusions.
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siderosis or overt endocrine dysfunction was uncommon [17]. A greater

risk for iron-induced organ damage can be expected in Hb H-CS. Ferritin

levels likely do not reflect the extent of organ hemosiderosis as shown

before in nontransfused thalassemia patients (18). Monitoring of liver iron,

cardiac and endocrine function might be indicated particularly as untrans-

fused Hb H-CS patients reach adulthood. Iron chelation with deferiprone

resulted in drop of ferritin levels in patients with Hb-H disease and

improved liver iron concentration in 12 out of 16 [19], suggesting that oral

chelation should be considered in this patient population as monitoring of

iron overload is more often utilized.

Estimated mean spine BMD Z-scores of patients with Hb H-CS disease

were worse than the measures in individuals with Hb H disease, at all ages

[20]. However, there was no difference in the fracture rate, 2.5% and 2.3%

in Hb H and in Hb H-CS, respectively [21]. Growth delay was reported in

13% of patients with Hb H and Hb H-CS in China [6]. We also found growth

delay in our patients, but more so in the Hb H-CS subjects, mainly during

adolescence (Fig. 1). Short stature was more frequent among the transfused

patients (Table II). Hormonal deficiencies did not seem to play a role in the

finding of growth delay in our study. Further longitudinal studies are needed

to address growth velocity and its relation to anemia, ineffective erythropoie-

sis and changes of bone mass.

In summary, this report highlights the specific complications of Hb H-CS

in North American patients. We demonstrate a very high erythropoietic drive

and marked ineffective erythropoiesis. Monitoring sTfr levels may prove to

be useful in subjects with Hb H-CS and serve as a guide to initiate thera-

peutic intervention. Proper early diagnosis is needed, and Hb H-CS should

be considered when presumed Hb H disease is more severe than expected.

Regular monitoring of hemoglobin concentration and measurements of body

iron loading can benefit patients, especially adolescents and adults. These

parameters may help inform decisions for regular transfusion and chelation.

Systematic assessments of bone mass and growth rate are also important

in the routine clinical care for these patients.

Methods

Between 2001 and 2006 a total of 836 patients were enrolled and

screened in the Thalassemia Clinical Registry Network (TCRN), a North

American collaborative research group. The institutional review board of all

participating institutions approved the protocol and written informed consent

was obtained from all participants. Data on the patients with a DNA based

diagnosis of Hb H-CS (or another structural mutation) was assessed and

compared to that of patients with Hb H disease.

History of blood transfusions, splenectomy, average serum ferritin levels

and liver iron concentration, use of chelation were recorded. Patients’ height

was reviewed and evidence for growth delay documented. Growth delay was

defined as height for age Z-score <22.0 using the U.S. CDC growth charts,

year 2000). Endocrinopathies; Diabetes, hypogonadal hypogonadism,

growth hormone deficiency, hypothyrodism and hypoparathyrodism were

assessed. BMD of the spine and whole body was measured by DXA

(Hologic Delphi A) and Z-scores calculated. Information on occurrence of

severe infections was collected. stFR concentrations were measured by an

enzyme immunoassay (EIA; T-94, Ramco Laboratories, Houston, TX).

Descriptive statistics were reported as number and percent or mean and

standard deviation (SD). Differences in categorical variables were tested by

Chi-square or Fisher’s exact test and differences in continuous variables

were tested by Student’s t-test. Ferritin level was not normally distributed

and log-transformation was used. All analyzes were performed at the Data

coordinating center (New England Research Institutes, Watertown, MA) with

SAS statistical software (9.2, SAS Institute, Cary, NC). P-values less than

0.05 were considered statistically significant.
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Uncertainty and discordance in the staging and prognosis of
diffuse large B-cell lymphoma with isolated bilateral
testicular involvement

Ronald S. Go1 and Jacob D. Gundrum2

The Ann Arbor staging was originally developed in 1971 for Hodgkin

lymphoma at a time when radiation was the primary treatment [1]. It

was subsequently adopted for use in non-Hodgkin lymphoma (NHL).

Although the Ann Arbor staging continues to be valuable in nodal

NHL, its application in extranodal NHL has limitations [2,3]. Proper

staging and accurate prognosis of diffused large B-cell lymphoma

(DLBCL) with isolated bilateral testicular involvement are unclear. Here

we show that even lymphoma experts do not have a consensus on

these issues with 60.7% choosing Stage IV and the remaining favoring

either Stage IE or IIE. To determine the prognosis of DLBCL patients

with isolated bilateral testicular involvement, we performed disease-

specific survival analyses using data from the Surveillance Epidemiol-

ogy and End Results Program (SEER). The survival was not signifi-

cantly different from age-matched Stage II unilateral disease (P 5

0.549) and was better when compared with Stage IV unilateral disease

(P 5 0.034). Our study suggests that a limited stage designation is

more appropriate due to a relatively better prognosis. To provide uni-

form staging for clinical trial and prognostic purposes, development of

site- and histology-specific modified staging for primary extranodal

lymphoma involving paired organs may be warranted.

The purpose of cancer staging is to provide a uniform description of the

extent of disease involvement. This in turn allows better communication of

treatment efficacy and clinical prognosis. To be useful, the stage should cor-

relate with prognosis. Furthermore, staging should also be periodically

updated to reflect its ongoing validity in the context of the current most effec-

tive therapy. The Ann Arbor system does not specifically address staging

issues encountered in NHL with extranodal presentation. For example, it

does not address how to stage isolated bilateral involvement of paired

organs, such as, parotid glands and testes. Depending on the presumptive

or hypothetical mode of dissemination as well as clonal relationship and fol-

lowing the original Ann Arbor stage definitions, one can support either of the

two stages: IE (biclonal with bilateral synchronous disease; double, but unre-

lated, involvement of a single extra lymphatic organ) or IV (monoclonal with

hematogenous spread; diffuse involvement of an extralymphatic organ). One

can also potentially justify using Stage IIE, as paired organs are always

located on the same side of the diaphragm and sometimes can be encom-

passed within the same field of radiation.

We recently had a case of DLBCL with isolated involvement of bilateral

testes. When presented at our institutional tumor board, there was no con-

sensus on the appropriate staging (split between Stages IIE and IV) even

though there was unanimous agreement on treatment including 4–6 cycles

of rituximab/cyclophosphamide/doxorubicin/vincristine/prednisone (RCHOP)

with intrathecal methotrexate and either resection or radiation of the con-

tralateral testis. In this study, we surveyed how lymphoma experts would

stage a similar patient. Furthermore, to determine which stage is more

appropriate based on actual prognosis, we reviewed survival data from the

SEER.

Twenty eight lymphoma experts (22 from North America and six from

Europe) replied to our survey in a response rate of 93.3%. The overall

responses to the question were Stages IE (10.7%), IIE (28.6%), and IV

(60.7%). Two-thirds (14/22) of North American experts and half (3/6) of

European experts gave Stage IV disease as the answer. Nine experts added

comments that they were unsure between early versus advanced stage.

Despite the uncertainty, eight out of nine chose Stage IV as they felt the

prognosis was going to be poor. Four experts went further to say that stage

designation would not have mattered as they would treat the patient the

same way (as advanced stage disease).

From the SEER data base, we found 777 cases of primary testicular

DLBCL in which staging and laterality of testicular involvement were noted.

Of these, 55 (7.1%) reported bilateral testicular involvement. Among the lat-

ter group, 32.7%, 20%, 5.5%, and 41.8% were Staged I, II, III, and IV,

respectively. The median age was 73 years (range, 38–92). The treatment

data collected by SEER are limited to surgery and radiation or lack thereof.

Treatments received were surgery without radiation (69.1%), surgery and

radiation (16.4%), or radiation without surgery (3.6%). A limited number of

patients did not have surgery or radiation (9.1%) or treatment was unknown

(1.8%). Because SEER does not collect data on chemotherapy and provides

only limited information on use of surgery and radiation, we were unable to

provide further details on treatment received. For example, we do not know

the proportion of patients who received rituximab and whether such treat-

ment would have any impact on the outcome.

To determine the prognosis of the patients with isolated bilateral testicular

DLBCL, we limited our survival analyses to those with Stages I and II dis-

eases (n 5 29), because Stages III and IV diseases would imply that either

nodal or other extranodal sites were involved as well. We compared the dis-

ease-specific survival between Stage I/II bilateral disease versus Stage II

unilateral disease matched for age at diagnosis (n 5 203; Fig. 1) and found

no difference in survival (P 5 0.549). We performed similar analysis in

Stages I/II bilateral disease and Stage IV unilateral disease (n 5 54; Fig. 2)

and found worse survival in the latter group (P 5 0.034).

Our study highlights a limitation of the use of Ann Arbor staging in extra-

nodal NHL. Because primary extranodal presentation of Hodgkin lym-

phoma is very rare, the Ann Arbor staging does not address this issue.

Figure 1. Stage I/II diffuse large B-cell lymphoma with bilateral testicular involve-
ment has a disease-specific survival not significantly different from Stage II dis-
ease with unilateral involvement (n 5 203; P 5 0.549).
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Therefore, even lymphoma experts could not agree on the proper staging

of isolated bilateral testicular involvement with about 40% and 60% of

the experts choosing localized and advanced stage, respectively. This

dichotomy is also shared by community oncologists as �50% of the

patients we analyzed in the SEER data base were designated as Stage I

or II disease.

Another reason for the uncertainty in the staging is the lack of published

data regarding the prognosis of DLBCL with isolated bilateral testicular

involvement. On the one hand, the general notion is that primary testicular

DLBCL is an aggressive disease with poor prognosis and high risk for late

relapses, especially to the central nervous system [4]. Because there is no

known direct anatomic connection between the testes, bilateral involvement

may suggest hematogenous spread. Thus, advanced stage disease is con-

sidered more appropriate by many. On the other hand, as both testes can

be placed within the same radiation field and synchronous de novo presen-

tation is a possibility because of the absence of obvious nodal involvement,

a limited stage is favored by others. Unfortunately, data on the genetic origin

of synchronous bilateral testicular DLBCL are lacking. To our knowledge,

there is only one case reported in the literature that performed genotypic

analysis and it showed similar clonal origin in both testes [5].

Although several experts commented that their treatment would not

change regardless of how the stage was designated, we believe agreement

on uniform staging of extranodal NHL remains important for two reasons.

One is to facilitate enrollment into appropriate clinical trials. Another is to

allow more accurate use of prognostic indices, which almost always include

advanced stage at presentation as an adverse risk factor.

We have shown that DLBCL with isolated bilateral testicular involvement

has a prognosis similar to Stage I/II disease. Based on this, a limited stage

designation is perhaps more appropriate for this subgroup of patients. How-

ever, we do not think one can necessarily extrapolate this to all other paired

organs or extranodal lymphoma of other histologies. In retrospective studies,

isolated bilateral involvement of the adrenals, breasts, and eyes (all predomi-

nantly DLBCL) generally were reported to have poor prognoses [6–8],

whereas involvement of the salivary glands, ocular adnexae, and lungs (all

predominantly low-grade NHL) had relatively better prognoses [9–11]. How-

ever, data from the International Extranodal Lymphoma Study Group sug-

gest that even among patients uniformly diagnosed to have DLBCL but aris-

ing from distinct sites of the head and neck have different outcome accord-

ing to the site of presentation [12].

In conclusion, based on our data and others, staging of various primary

extranodal NHL involving paired organs is challenging when using the Ann

Arbor system. In the case of DLBCL with isolated bilateral testicular involve-

ment, assignment as limited stage disease is more appropriate as prognosis

is relatively favorable. To account for the differences in prognoses according

to histology and site of presentation, a consideration is to develop modified

staging system specific to the primary extranodal site similar to the Lugano

staging system for gastrointestinal lymphoma [13].

Methods

We randomly surveyed 30 lymphoma physician experts from 26 institu-

tions and seven countries via e-mail with one question, ‘‘Would you consider

bilateral testicular involvement by DLBCL (and no other site of disease) as

Stage IV or Stage II?’’ The rest of the data were obtained from SEER.

SEER is a program of the National Cancer Institute that collects and pub-

lishes cancer incidence and survival data from population-based cancer

registries covering �26% of the U.S. population. For further details about

SEER, one is referred to its website [14]. We used the third edition of the

International Classification of Diseases for Oncology (ICD-O-3) histology

codes 9675, 9680, and 9684 with testis as the primary site to identify all

cases of primary testicular DLBCL diagnosed from 1983–2006. We used the

Kaplan-Meier method for survival analysis and log rank test, validated with

COX non-proportional hazards model stratified by age-matched groups, to

compare survival curves.
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Possible graft-versus-host disease involving the central
nervous system soon after cord blood transplantation

Hisashi Yamamoto,1 Naoyuki Uchida,1* Kazuya Ishiwata,1 Hideki Araoka,2 Shinsuke Takagi,1

Masanori Tsuji,1 Daisuke Kato,1 Yoshiko Matsuhashi,1 Sachiko Seo,1 Naofumi Matsuno,1

Kazuhiro Masuoka,1 Atsushi Wake,1 Akiko Yoneyama,2 Shigeyoshi Makino,3 and Shuichi Taniguchi1

The concept that central nervous system (CNS) could be a target of

graft-versus-host disease (GVHD) is controversial. There are a few

case reports which support the possibility of CNS-GVHD [1,2]. Here,

we describe a patient who developed unique CNS symptoms soon

after cord blood transplantation with reduced-intensity conditioning

(RI-CBT). On Day 7 post-transplant, a high fever, slight skin eruption,

moderate diarrhea, and liver damage suddenly developed. Three days

later, her white blood cell (WBC) count rapidly increased to 1,700 ll21

and consisted mostly of mature lymphocytes. Generalized convulsions

developed on the same day. An analysis of the cerebrospinal fluid

(CSF) revealed elevated proteins and pleocytosis comprising mostly

mature lymphocytes. The lymphocytes found in the peripheral blood

(PB) and CSF were phenotypically polyclonal T-cells that were donor

derived. Extensive investigations did not detect any microorganisms

or other causes for the T-cell proliferation and CNS symptoms. Consid-

ering the coexistence of CNS and systemic GVHD-like symptoms, pro-

liferation of donor-derived polyclonal T-cells in the CSF and PB, and

no microorganisms or other factors detected, CNS GVHD seems to be

the most likely explanation for her clinical course.

Cord blood (CB) has been increasingly applied as a viable source of stem

cells for allogeneic hematopoietic stem cell transplantation (allo-SCT) [3,4].

The incidence and severity of GVHD following cord blood transplantation

(CBT) are lower than those after allo-SCT using bone marrow or peripheral

blood stem cells from either matched siblings or unrelated donors [5–7]. On

the other hand, unique immune-mediated complications, such as pre-

engraftment immune reaction (PIR) and hemophagocytic syndrome (HPS),

have been observed early after RI-CBT [8,9]. Thus, the spectrum of

immune-mediated reactions after RI-CBT has not yet been fully clarified.

CNS complications have been described following allo-SCT [10]. Infec-

tions, drug toxicity, and metabolic and cerebrovascular disorders are the

major causes, and there have been rare cases of apparent immune-medi-

ated reaction to CNS [1,2].

Here, we present an interesting case of a patient who developed unique

CNS symptoms soon after RI-CBT. A 40-year-old woman with follicular lym-

phoma that was refractory to chemotherapy was admitted to our hospital in

September 2006. Her clinical stage was IV B at diagnosis in 2002. Six

cycles of rituximab (R)-CHOP (cyclophosphamide, doxorubicin, vincristine,

and prednisone) resulted in complete remission, and rituximab therapy was

maintained for 1 year. A relapse occurred in 2005 and was treated with R-

ACES (high-dose Ara C, carboplatin, etoposide, and steroids), R-ICE (ifosfa-

mide, carboplatin, etoposide), cladribine, and R-COP (cyclophosphamide,

vincristine, and prednisone), which resulted in a partial response at each

cycle. However, the disease gradually progressed thereafter, with the devel-

opment of systemic lymphadenopathy, pleural effusion, and ascites. Since

no suitable related or unrelated donors from the Japan Marrow Donor Pro-

gram were available, unrelated CB was considered as an alternative graft,

and she was referred to our hospital. The patient and graft were sex-mis-

matched and phenotypically two and genotypically three-loci mismatches in

HLA-A, HLA-B, and DRB1 loci. The types of the HLA-A, HLA-B, and DRB1

loci were A01 (0101)/A31 (3101), B35 (3501)/B48 (4801), and DRB1*04

Figure 1. Clinical course of the patient. Abbreviations: U-CBT, unrelated cord blood transplantation; BM, bone marrow; CSF, cerebrospinal fluid; mPSL, methylpredniso-
lone; FCV, foscarnet; HPS, hemophagocytic syndrome; VP-16, etoposide; WBC, white blood cell; BT, body temperature; LDH, lactate dehydrogenase; AST, aspartate
aminotransferase; T-bil, total bilirubin.
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(0404)/DRB1*09 (0901), respectively, in the recipient, and A26 (2601)/A31

(3101), B35 (3501)/B51 (5101), and DRB1*04 (0401)/DRB1*09 (0901),

respectively, in the donor. The graft contained 2.4 3 107/kg total nucleated

cells and 0.92 3 105/kg CD34+ cells. The pretransplant conditioning regimen

consisted of fludarabine (25 mg/m2/day) for 5 days, melphalan (40 mg/m2/

day) for 2 days, and 4 Gy of total body irradiation. Tacrolimus alone was

administered as GVHD prophylaxis. Granulocyte colony-stimulating factor

was started from Day 1. Pretransplant viral serology was positive for HSV,

HVZ, CMV, and EBV, and negative for HIV and HTLV-1. She received 600

mg/day of oral acyclovir, 400 mg/day of oral tosufloxacin, 200 mg/day of oral

itraconazole, and trimethoprim-sulfamethoxazole (160 mg/day of the trime-

thoprim component) as for antimicrobial prophylaxis. Figure 1 shows her

entire clinical course following RI-CBT. On Day 7 post-transplant, a high

fever, slight skin eruption, and moderate diarrhea developed with a slightly

increased WBC count (from 10 ml–1 on Day 6 to 30 ml–1 on Day 7). Her

WBC count rapidly increased on Day 10 to 1,700 ml–1 and comprised 90%

lymphocytes (Fig. 2a). Serum aspartate aminotransferase (AST) and alanine

aminotransferase (ALT) levels increased to 715 and 359 IU/l, respectively,

and serum lactate dehydrogenase (LDH) levels increased to 1,101 IU/l. The

patient suddenly lost consciousness along with generalized convulsions on

the same day and required mechanical ventilation. Cerebrospinal fluid (CSF)

analysis revealed an extremely elevated protein level of 675 mg/dl (normal

range: 15–40 mg/dl) and pleocytosis (68 cells/ml), consisting mainly of lym-

phocytes (98%) (Fig. 2b). Magnetic resonance imaging scans of the brain

revealed no specific abnormalities typically seen in cerebrovascular disor-

ders, tacrolimus encephalopathy, thrombotic microangiopathy, or other CNS

complications, and schistocytes were undetectable in the PB. Flow cytome-

try revealed that the excessive lymphocytes in both PB and CSF comprised

polyclonal mature T-lymphocytes expressing CD3, CD4, CD5, CD8, and

HLA-DR. The expression of CD4 and CD8 was variable, in which

CD4–CD8+, CD4+CD8–, and CD4+CD8+ cells accounted for 65, 25, and 9%,

respectively, of the cells in PB, and 38, 56, and 6%, respectively, of those in

the CSF (Fig. 2c). Y chromosome-based fluorescence in situ hybridization

analysis showed that most of these cells were derived from the donor

(98.8% in PB and 96.8% in CSF). Furthermore, 98% of BM cells obtained

on Day 10 were also donor derived. Routine cultures of PB and CSF for

bacteria and fungi were negative. Analyses by real-time polymerase chain

reactions were negative for HSV-1, HHV-6, VZV, CMV, and EBV in PB and

CSF, and, for HSV-2, HSV-7, HSV-8, JCV, BKV, ADV, Parvovirus B19, HBV,

and HCV in PB. Southern blotting of cells from the PB showed that the

genes for both T-cell receptor Cb1 and Jd1 were in germ-line configuration,

and EBV genome clonality was undetectable. Methylprednisolone (500 mg/

day) was administered for 3 days, and acyclovir was switched to foscarnet,

considering the possibility of acute GVHD and viral infection insensitive to

acyclovir. After the initiation of these therapies, the numbers of lymphocytes

in PB and CSF gradually decreased, and her clinical symptoms and labora-

tory data improved, so methylprednisolone was carefully tapered. However,

high fever, diarrhea, and CNS symptoms recurred around Day 17, and then

pancytopenia and cholestatic liver damage rapidly progressed. On Day 17,

BM aspiration revealed an increase of activated macrophages (35%) with

massive hemophagocytosis (Fig. 2d). The chimeric status of the BM cells

revealed sustained donor cell dominance (96.8%), indicating that the hema-

topoietic cells and macrophages in the BM were both donor derived. Despite

the administration of etoposide (50 mg/m2) to control the hemophagocytosis,

pancytopenia and cholestatic liver damage progressed and the patient died

of bacterial sepsis 32 days after transplantation. An autopsy was not per-

formed.

Polyclonal T-cell proliferation is the principal mechanism of the antigen-

specific immune response that generally occurs upon infection and/or

inflammation. GVHD is also primarily a T-cell-mediated event, and the

subsequent expansion of donor T-cell clones-recognizing antigens causes

tissue damage either directly through T-cells encountering recipient MHC-

bearing cells in target tissues or indirectly through cytokine production

[11].

Figure 2. Activated lymphocytes in peripheral blood (a) and in cerebrospinal fluid (b) on Day 10 post-transplant. Flow cytometry of peripheral blood on Day 10 post-
transplant (c). Activated macrophages in bone marrow on Day 17 post-transplant (d). May-Giemsa staining 31000 (a, b) 3400 (c). [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com.]
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We previously reported higher incidence of immune-mediated complica-

tions, such as PIR, characterized by high-grade fever, skin eruption, diar-

rhea, jaundice, and body weight gain developing before engraftment, and

HPS early after RI-CBT [8,9]. Despite the known immunological naı̈vety of

CB cells, the exceptionally high incidence of PIR and HPS suggests that the

properties of CB cells are unique and distinctly different from adult donor

cells.

The most striking features of our patient were the remarkable polyclonal

T-cell proliferation both in PB and CSF, followed by sudden generalized con-

vulsions and loss of consciousness. As the coexistent CNS and systemic

GVHD-like symptoms, proliferating donor-derived polyclonal T-cells in the

CSF and PB, and microorganisms or other factors that might be responsible

for these symptoms or T-cell proliferation were undetectable. We therefore

postulated that an alloimmune reaction of the CB graft against the CNS

caused the CNS symptoms in our patient.

The concept that CNS could be a target of GVHD is controversial. Some

case reports support the possibility of CNS-GVHD [1,2]. All of the patients

in these reports were diagnosed with CNS-GVHD only when they responded

to immunosuppressive therapy and had histologically and immunophenotypi-

cally documented perivascular T-cell infiltration without evidence of other

CNS diseases with overlapping features. However, uniform diagnostic

approaches or criteria have not been established. Most of the reported

CNS-GVHD was diagnosed at the time of chronic GVHD development.

Powles et al. [12] reported that convulsions, possibly due to cerebral edema,

could develop as a manifestation of severe acute GVHD after haploidentical

transplantation. This could explain the events in our patient, although infor-

mation about the CSF, the presence or absence of T-cell proliferation, or

detectable infectious organisms was not provided in the literature. We

reported that early CNS complications are more frequent after RI-CBT than

after transplantation with other stem cell sources and that hypercytokinemia

associated with PIR could influence the development of CNS complications

[13]. T-cell proliferation in CSF along with the severe systemic symptoms in

our patient might have resulted from a type of hypercytokinemia that is

unique to RI-CBT.

Moreover, severe HPS developed around 10 days after T-cell proliferation,

and the activated macrophages in the BM were donor derived. Although

HPS is a rare complication following allo-SCT, some investigators have sug-

gested that a severe alloimmune response could result in HPS after PB

transplantation [14,15]. Furthermore, we recently reported that the incidence

of HPS following RI-CBT is higher than was previously reported and that

HPS is a significant risk factor for engraftment failure [9]. Hypercytokinemia

associated with engrafted T-cell proliferation may have played an important

role in donor-derived macrophage activation and in the development of HPS

in our patient.

In conclusion, we described a patient who developed sudden general-

ized convulsions and lost consciousness at the same time as polyclonal

T-cell proliferation soon after RI-CBT. The findings of extensive investiga-

tions indicated that the CNS can be a target of GVHD. Further accumula-

tion of clinical and laboratory data with the awareness of this devastating

complication soon after RI-CBT is warranted to precisely understand the

underlying basic mechanisms and to develop optimal intervention strat-

egies.
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Treatment with hydroxyurea in a patient compound heterozygote
for a high oxygen affinity hemoglobin and �-thalassemia minor

Pierre-Olivier Gaudreau,1 Xiaoduan Weng,1 Ghislain Cournoyer,1 Louise Robin,1

Carmen Gagnon,2 and Denis Soulières1

Compound heterozygotes for �-thalassemia and high oxygen affinity

hemoglobin (Hb) have been documented, but experience in the man-

agement of such rare cases is minimal. Although hydroxyurea (HU)

has never been used in a heterozygote with high oxygen affinity Hb

and �-thalassemia, we hypothesized that it would decrease erythrocy-

tosis through a lowered production of abnormal cells and increase of

P50 by induction of fetal hemoglobin (HbF). We present the case of a

patient with compound high oxygen affinity Hb mutation with �-thalas-

semia. PCR analysis revealed combined Hb Regina and IVS1-110 G/A

mutations. Treatment with HU caused a decrease in Ht (61.1% to

38.6%) and erythrocyte volume (74.87 mL/kg to 40.65 mL/kg), as well

as an increase in P50 (6 mmHg to 10 mmHg ) and HbF level (3.6% to
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29.8%) at 12-month follow-up. Effects of HU on 2,3 DPG and HbNO lev-

els did not appear to be predictable. Corroboration with other cases is

needed to establish solid evidence on the clinical efficacy of HU in this

population.

Hemoglobin (Hb) with an increased affinity for oxygen was first described

by Charache in 1966 [1]. The abnormal Hb architecture results in defective

oxygen unloading, leading to increased affinity and impaired oxygen delivery.

The kidney appears to be the most vulnerable organ, since it is responsible

for oxygen sensing [2]. At least 120 variants have been reported [3], and

over 100 of these variants are responsible for compensatory erythrocytosis

[4]. Single and double point substitutions, deletions, insertions, reading fra-

meshift mutations, and fusion genes lead to various Hb structural modifica-

tions accounting for defective oxygen transport: modifications affecting the

transition from deoxy- to oxy- state, the 2,3-diphosphoglycerate binding

sites, heme pocket or helix H, and mutations affecting the a1b1 (or a2b2)

interface [2].

b-thalassemia is a genetic disorder producing quantitatively abnormal syn-

thesis of the b-globin chain, disrupting the regulated ratio of a and b-globins.

Over 300 different mutations have been reported [3], resulting in a biochemi-

cally heterogeneous disease with a clinical spectrum ranging from asympto-

matic individuals (b-thalassemia minor) to patients presenting mild anemia

(b-thalassemia intermedia) or life-long transfusion-dependant anemia (b-tha-

lassemia major).

Patients compound heterozygotes for b-thalassemia and high oxygen affin-

ity Hb have been documented [2,5–8]. Some of these cases displayed moder-

ate erythrocytosis and low mean corpuscular volume (MCV), but clinical man-

ifestations seemed to be dependant on the stability of the high affinity Hb var-

iant, as well as type of mutation causing the thalassemia trait. Moreover,

there is minimal experience in the management of such rare cases [8].

Hydroxyurea (HU) promotes fetal hemoglobin (HbF) synthesis through a

mechanism which remains uncertain. The use of HU in sickle cell disease is

well established [9]. Successful therapeutic responses have also been

reported in b-thalassemia intermedia and, less consistently, in b-thalassemia

major [10]. Although the compound has never been used in a heterozygote

patient with high oxygen affinity Hb and b-thalassemia, we hypothesized

that HU would decrease erythrocytosis through a lowered production of

abnormal cells and increase of P50 by induction of HbF.

This case reports a 38-year-old man with a personal history of high hema-

tocrit (Ht) since birth. A high oxygen affinity hemoglobinopathy had been

diagnosed previously. The clinical evolution of this patient remained unre-

markable until December 2002: clinical findings included facial plethora,

hepatosplenomegaly and left-sided abdominal pain associated with renal

artery thrombosis. Laboratory findings showed combined erythrocytosis (Hb

5 217 g/L, Ht 5 69.2%) and microcytosis (MCV 5 76 fl). Further workup

included a bone marrow aspiration, caryotype examination and determina-

tion of total blood and erythrocyte volume (EV). Of these investigations, only

total blood and EV was abnormal, showing an increased value of 74.87 mL/

kg (n 5 26.5 mL/kg). High pressure liquid chromatography (HPLC) of total

Hb revealed an abnormal Hb (85%) with elevation of HbA2 and HbF, sug-

gesting a compound heterozygote of abnormal Hb and b-thalassemia.

HPLC of a and b-globin chains analysis revealed an abnormal variant of the

b-globin chain. Hence, study objectives were: 1) to identify the b-globin

chain genotype and 2) evaluate the response to HU through the following

parameters: Ht, HbF, P50 for oxygen affinity, levels of 2,3-DPG, HbNO, MCV

and blood volumes.

PCR analysis and sequencing are presented in the methods section and

identified two mutations. The first one is Leu96?Val (339C?G). This muta-

tion is identical to previously reported Hb Regina, a stable high oxygen affin-

ity Hb variant described previously in a heterozygote Caucasian patient with

mild erythrocytosis [11]. This mutation could account for the initial erythrocy-

tosis. Microcytosis is explained by the confirmation of a b1-thalassemia

causing mutation: IVS1-110 G/A [12–16]. Compound heterozygote cases of

high oxygen affinity Hb and b-globin gene mutation have been described

before in the literature [2,5–8], but this patient is the first reported with com-

bined Hb Regina and IVS1-110 G/A mutations. It was decided to treat the

patient with HU at a dose specified in the methods section.

Table I shows the baseline and follow-up evaluation of Hb, Ht and HbF

levels, P50 for oxygen affinity, 2,3-DPG levels, HbNO, MCV, and blood

volumes while on HU. Baseline value was under phlebotomy schedule. A T
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decrease in Ht (61.1% to 38.6%) and EV (74.87 mL/kg to 40.65 mL/kg), as

well as an increase in P50 (6–10 mmHg) was demonstrated at 12-month fol-

low-up. HbF rose from 3.6 to 29.8% at 12-month follow-up. Intra-cellular

HbF level demonstrated in Figure 1 revealed a wide range of expression

within erythrocytes. However, effects of HU on 2,3 DPG and HbNO levels

did not appear to be predictable. While on therapy, the patient had no recur-

rence of thrombotic events. Anticoagulation therapy was ceased 24 months

after initiating HU. His general status improved significantly with better toler-

ance to exercise and work (not specifically measured in the context of this

study). Our patient still remains on HU 5 years after initiation of therapy

without significant side effects except for a mild thrombocytopenia.

HU is the most widely administered drug in symptomatic sickle cell dis-

ease patients [9]. Therapeutic success has also been documented in

patients with thalassemia intermedia and compound thalassemias such as

HbE thalassemia and homozygote Hb Lepore [17–20]. Encouraging out-

comes in b-thalassemia major have also been reported, although the overall

literature shows mixed results [10]. Current working hypothesis in thalasse-

mia suggests that the increase in the g-globin chain synthesis improves the

b/a-globin chain imbalance and decreases damage produced by precipitat-

ing excess chains in the red blood cell [10]. We hypothesized that HU would

decrease erythrocytosis through a lowered production of abnormal cells and

increase HbF with a secondary reduction of P50 and erythrocytosis drive.

Results seem to favor this later mechanism. Moreover, the wide range of

HbF expression in erythrocytes shows that HbF induction is variable, sug-

gesting that many different mechanisms of gene expression may be involved

and modified by HU, and possibly related to the allele induced at the precur-

sor level.

Patients with a high oxygen affinity Hb are usually asymptomatic, aside

from occasional splenomegaly [21]. However, patients may become sympto-

matic when they become older, as high oxygen affinity Hb has been associ-

ated with thrombotic events [2]. Patients with Hb Malmo, in particular, have

been documented to become symptomatic and may benefit from phlebotomy

and the transfusion of normal blood [22]. There is minimal experience in the

management of patients compound heterozygotes for a high oxygen affinity

Hb and b-thalassemia, although blood exchange transfusion therapy and

administration of allosteric effectors of the Hb molecule to improve erythro-

cyte oxygen release capability have been suggested [8]. This case repre-

sents the first patient found to be compound heterozygote for Hb Regina

and b–thalassemia minor trait, as well as the first successful trial of HU in

the high oxygen affinity Hb population. Corroboration with other cases is

needed to establish more robust evidence of the efficacy of HU in this popu-

lation, as well as to establish potential molecular mechanisms that may

explain this effect, like XMN1, which has been reported in most b-thalasse-

mia major patients responding to HU [10,23]. This report suggests that HU

should be a therapeutic option for symptomatic, high affinity Hb patients.

Methods

Leucocyte DNA was isolated and the whole b-globin gene, including pro-

moter (2161 to 11667 pb), was amplified by PCR and sequenced (exons 1

to 3 were targeted).

The initial dosage of HU was 7 mg/kg/day, which was increased up to 25

mg/kg/day over a few months, based on hematologic tolerance. Mainte-

nance dosage was reached at 6-month follow-up. Ht, HbF levels, P50, levels

of 2,3-DPG, HbNO, and blood volumes were measured periodically during

the first year of therapy. HbF intra-cellular expression was evaluated by cyto-

fluorometry at 12 months of therapy [24].
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Monocytes from patients with myelodysplastic syndromes are
more resistant to inhibition by thalidomide

Stef Meers,1,2* Louis Boon,3 Gregor Verhoef,1 and Michel Delforge1,2

The myelodysplastic syndromes (MDS) comprise a heterogeneous

group of clonal hematopoietic disorders characterized by cytopenias

and marrow dysplasia. Immune mechanisms are in part responsible

for the marrow failure observed in MDS patients [1]. We have recently

provided evidence for the involvement of CD40-CD40L interactions

between monocytes with T helper cells in the pathogenesis of this

marrow failure [2]. More specifically, we have shown that monocytes

from MDS patients produce more TNF-a in response to stimulation of

the CD40-receptor than control monocytes. Thalidomide is a potent

immune-modulating agent with a broad spectrum of immunologic

effects and has been used in MDS patients as single-agent therapy

[3–5] or in combination with other agents [6–9]. Inhibition of TNF-a

production is believed to be the primordial mechanism by which thali-

domide acts in MDS. However, in vitro data on the effect of thalidomide

on TNF-a production in MDS currently lack. With this study, we provide

the first data of the effect of increasing doses of thalidomide on the

production of TNF-a by monocytes from MDS patients in response to

lipopolysaccharide (LPS) or CD40-agonists. We show that only a high

concentration of thalidomide is able to inhibit the TNF-a production of

MDS monocytes stimulated by CD40-agonists.

For this study, we purified peripheral blood (PB) monocytes from

30 patients with MDS and 28 healthy volunteer donors. We confirm previous

results [2] and show that monocytes from patients with MDS produce signifi-

cantly more TNF-a in response to CD40 stimulation than monocytes from

healthy controls (293 ± 89 vs. 52 ± 15 pg/mL, p 5 0.03 Mann-Whitney

U-test). Stimulation with LPS leads to an equal production of TNF-a in both

groups (90 ± 28 vs. 80 ± 24 pg/mL, p 5 n.s.).

As shown in Figure 1, the TNF-a production by CD141 cells stimulated

with LPS is significantly lower in the presence of thalidomide. We could

demonstrate this in cells derived from healthy controls as well as from

patients with MDS. We were unable to demonstrate a concentration depend-

ent decrease, but this is in line with other authors [10]. In addition, we could

demonstrate that TNF-a production by monocytes from control subjects

stimulated with a CD40 agonist (clone 64) was significantly lower in a dose-

dependent way by the presence of thalidomide. In contrast, TNF-a produc-

tion by monocytes from MDS patients was only significantly lower in the

presence of the highest concentration (25 mg/mL) of thalidomide.

We here confirm that thalidomide inhibits TNF-a production of mono-

cytes stimulated by LPS, and confirm this in monocytes derived from MDS

patients. LPS-stimulation is the standard technique to evaluate the potency

of immune-modulatory drugs (IMiDs) to modulate cytokine production and

prostaglandin synthesis. However, it is questionable if this pathway is rep-

resentative for the in vivo situation. Recently, we provided evidence that

CD40-CD40L interactions between monocytes and T helper cells are

important in the pathogenesis of MDS-related BM failure [2]. As such, we

demonstrated that CD40 stimulation of MDS monocytes led to significantly

higher TNF-a levels. TNF-a has been shown to inhibit hematopoiesis and

has been implicated in the pathogenesis of MDS-related BM failure [11].

Thalidomide and other immune-modulatory drugs (IMiDs) have a wide

mode of action including inhibition of TNF-a production by monocytes. The

inhibitory action of thalidomide on TNF-a production has been ascribed to

enhancing degradation of TNF-a-mRNA [12] meaning that it is not specifi-

cally targeting LPS downstream signaling pathways. Activation of mono-

cytes through CD40 leads to activation of MAPK pathways and eventually

to NF-kB activation [13,14]. We have therefore analyzed thalidomide’s

activity on CD40-induced TNF-a production and to date, we have been the

first to report this. We could indeed demonstrate that thalidomide is also

capable of inhibiting TNF-a production induced by CD40 stimulation of

monocytes from healthy controls. However, in patients, significantly higher

doses of thalidomide were needed to achieve this effect. The exact con-

centrations of thalidomide in marrow of patients has not been established,

partly due to a high variability in the absolute bioavailability of thalidomide

from one patient to another [15]. Nevertheless, this observation is in line

with the observation that relatively high doses are needed to achieve

responses in MDS. These doses are however hard to reach due to dose-

limiting toxicity, especially neurologic side effects.

We realize that several concerns can be raised when interpreting results

from in vitro experiments. A first concern is the possibility that thalidomide

has additional effects on MDS monocytes than on monocytes from healthy

controls. More precisely, thalidomide could induce apoptosis in MDS mono-

cytes and hence influence the results. Recently, Gockel et al. reported that

thalidomide indeed induces apoptosis in monocytes, via mitochondrial cyto-

chrome c release followed by caspase-activation [16]. They could demon-

strate this with thalidomide concentrations of 10–50 mg/mL, but this effect

was seen only after 48 h of incubation with the drug. It could well be that

wild-type monocytes are more susceptible to apoptosis by thalidomide, and

this effect is responsible for the lower TNF-a concentrations measured in

presence of thalidomide. However, in our experiments the supernatant was

already collected after 24 h, what makes this hypothesis less likely. The fact

Figure 1. TNF-a production by CD141 cells in presence of thalidomide After 7
days in culture, purified CD141 cells were stimulated with fresh medium supple-
mented with either LPS (1 mg/mL) or a mixture of clone 64 (10 mg/mL) and IFN-g
(1000 IU/mL), in the presence of increasing doses of thalidomide. After 24 h,
supernatant was harvested for subsequent determination of TNF-a concentration.
p-values represent Wilcoxon matched pairs test between the conditions with and
without thalidomide (*P < 0.05, **P < 0.001).
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that monocytes from MDS and normal controls were not significantly different

in conditions of LPS-stimulation also argues against the fact that increased/

decreased in apoptosis influenced our results. Since previous reports sug-

gested that age influences functionality of monocytes, we included age-

matched controls in our experiments [17,18]. But we could not demonstrate

differences between young and aged controls in these experiments.

In vitro observations cannot always be translated into the in vivo situa-

tion. This is illustrated by the observation that in patients treated with thali-

domide serum levels of TNF-a can drop [19] or increase [20], notwith-

standing numerous reports on the inhibitory effect of IMiDs on TNF-a pro-

duction. These inconsistent results have also been reported on the levels

of several angiogenic factors, such as VEGF [3]. But, we believe that

together with our results that the CD40-CD40L pathway is involved in the

pathogenesis of marrow failure, this observation of the weaker potency of

thalidomide in MDS is important. It suggests that probably other mecha-

nisms are important in the responses observed in some patients. Thalido-

mide-analogs, such as lenalidomide, are in vitro more potent to inhibit

LPS-induced TNF-a production. It remains to be explored if their effect in

MDS is in part attributable to an inhibitory effect on TNF-a production

rather than to other mechanisms.

Methods

Patient data and samples

All sampling and handling were conducted in accordance with the guide-

lines of the local Ethical Committee of the University Hospitals Leuven which

comply with the Helsinki Declaration. PB samples from 30 different patients

with morphologically proven MDS were used for this study. Patients were

classified as RA (n 5 22), RARS (n 5 5) and RAEB (n 5 3) according to the

FAB-classification and as RCMD (n 5 18), RCMD-RS (n 5 5), 5q- syndrome

(n 5 2), MDS-u (n 5 2) and RAEB-1 (n 5 3) according to the WHO-classifi-

cation. The mean age was 70 years (range 30–86). PB from 28 healthy volun-

teers (mean age 63 years, range 25–82) served as controls.

Monocyte isolation and stimulation

PB CD141 cells were isolated using CD141 magnetic beads (Miltenyi Bio-

tec, Germany) according to manufacturer’s instructions. Isolated CD141

cells were enumerated using trypan blue exclusion and were plated in

Iscove’s Modified Dulbecco’s Medium (Gibco BRL Life Technologies, UK)

supplemented with 15% fetal bovine serum (Stem Cell Technologies,

Canada) in wells of 24-well plates (Falcon Multiwell, Becton Dickinson) at a

density of 3 3 105 cells per mL per well. After 1 week of culture in a humidi-

fied incubator at 378C with 5% CO2, the medium was replaced with fresh

medium supplemented with either (LPS, Santa Cruz Biotechnology,

Germany) at 1 lg/mL or a mixture of clone 64 (agonist anti-human CD40

monoclonal antibody, PanGenetics, The Netherlands) at 10 lg/mL, and inter-

feron-gamma (IFN-g, Santa Cruz Biotechnology, Germany) at a final con-

centration of 1000 IU/mL. Thalidomide (Sigma, Germany) dissolved in

DMSO at a stock-concentration of 5 lg/lL was added in various concentra-

tions (5 – 10 – 25 lg/mL) immediately thereafter. After 24 h supernatant

was harvested and stored at 2208C until analysis.

Enzyme-linked immunosorbent assay

We used commercially available ELISA-kits for detection of TNF-a (BD,

Pharmingen).

Statistics

All statistical analyzes were performed using Prism 3.0 software. We

used Mann-Whitney U-tests to compare mean concentrations between

patients and controls. To analyze cytokine concentrations in presence/

absence of thalidomide, we used Wilcoxon matched pairs tests. p-values

represent double-sided tests and p-values below 0.05 were considered

significant.
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A pediatric case series of acute hemolysis after administration
of intravenous immunoglobulin

David J. Gordon,1 Steven R. Sloan,2 and Jill L.O. de Jong1*

Intravenous immunoglobulin (IVIG) is commonly used as an immune-

modulatory treatment for patients with autoimmune and inflammatory

diseases [1]. Antibody-mediated hemolysis of red blood cells (RBCs)

after IVIG infusion is a recognized but rare side effect [2]. This retro-

spective case series describes four pediatric patients at a single insti-

tution who developed significant hemolytic reactions after treatment

with IVIG for either Kawasaki disease or acute inflammatory demyeli-

nating polyradiculoneuropathy. Patients ranged in age from 5 months

to 14 years. The mean decrease in hemoglobin level after IVIG was

5.1 ± 0.36 g/dL (mean ± SD). Three of the four patients required RBC

transfusion, and all the patients recovered spontaneously within

1 month of IVIG infusion. This case series illustrates a relatively

uncommon, but potentially severe side effect of IVIG treatment, and

demonstrates the importance of monitoring hemoglobin levels after

IVIG therapy.

IVIG is a therapeutic preparation of polyclonal IgG purified from human

plasma. It was initially introduced as a replacement therapy for patients with

primary and secondary humoral immune deficiencies [1,2]. In more recent

years, IVIG has also gained popularity as an immune-modulatory agent for

treatment of autoimmune and inflammatory disorders, including Kawasaki dis-

ease, idiopathic thrombocytopenic purpura, and Guillain-Barré syndrome

[1,2]. The antigenic diversity of the immunoglobulin panel is assured by pre-

paring IVIG from pooled plasma obtained from thousands of healthy donors.

IVIG therapy is relatively safe, with adverse reactions occurring in 5–10% of

patients [1,2]. Common side effects are generally mild and include headache,

nausea, low-grade fever, urticaria, and hypertension. More serious adverse

reactions occur in <1% of patients and include anaphylaxis, renal toxicity, pul-

monary edema, thrombosis, and hemolytic anemia. In this report, we describe

four children at a single institution over an 8-month time period who developed

clinically significant, acute anemia after treatment with IVIG. Clinical details of

these four cases are described later and summarized in Table I.

Patient 1 is a 3-year-old girl with Kawasaki disease who was treated with

IVIG (2 g/kg, Gammagard) on the 2nd day of her hospitalization. She contin-

ued to have fevers, and on the 3rd day of hospitalization, her C-reactive pro-

tein was still markedly elevated, so she was treated with a second dose of

IVIG (2 g/kg). Her hemoglobin was not checked on hospital Days 2–4.

On the 5th day of hospitalization, she was noted to have a hemoglobin of

6.0 g/dL, which was significantly decreased from her admission hemoglobin

of 11.3 g/dL. Her reticulocyte count was 1.5%. Although direct antiglobulin

test (DAT) and indirect antiglobulin test (IAT) were negative, examination of

the peripheral blood smear showed the presence of spherocytes, suggestive

of antibody-mediated hemolysis, and also revealed mild RBC agglutination

(see Fig. 1). The mean corpuscular hemoglobin concentration was elevated

at 36.9 g/dL, consistent with the presence of spherocytes on the smear.

Patient 1 was transfused with packed RBCs (pRBCs) because of her sig-

nificant anemia, persistent tachycardia, and an echocardiogram on admis-

sion demonstrating decreased left ventricular function. After three transfu-

sions, which were given on the 5th, 6th, and 7th days of the hospitalization,

her hemoglobin had increased to 9.9 g/dL. On the 7th day of hospitalization,

she developed worsening conjunctivitis, a strawberry tongue, and swelling of

her hands. She was subsequently treated with a single dose of methylpred-

nisolone (30 mg/kg) with resolution of her fever and other symptoms. She

was discharged home on the 9th day of her hospitalization, when her hemo-

globin was 9.4 g/dL and her reticulocyte count was 7.8%. Patient 1 was

seen for follow-up 2 months after discharge, at which time her hemoglobin

was 12.3 g/dL.

Analysis of one of the IVIG preparations administered to patient 1 demon-

strated fourfold increased binding of IgG to the patient’s RBCs when com-

pared with a unit of pRBCs that was subsequently transfused without

evidence of hemolysis. The isohemaglutinin titer for the IVIG was 512 when

reacted with the patient’s RBCs, but was fourfold less, with a titer of 128

when reacted with the unit of RBCs with which she had been transfused.

Patient 2 is a 14-year-old boy with acute inflammatory demyelinating poly-

radiculoneuropathy (AIDP) who was treated with daily IVIG (0.5 g/kg/day,

Gammagard) for 4 days. The IVIG he received was from two different lots.

On Day 6 of hospitalization, 1 day after his last IVIG dose, he developed

abdominal pain and was noted to have hemoglobin of 10.7 g/dL, decreased

from 15.4 g/dL on admission. Patient 2 was started on methylprednisolone

1 mg/kg every 6 hr on Day 8 of admission as treatment for IVIG-mediated

RBC hemolysis. His hemoglobin reached a nadir of 9.9 g/dL on Day 9 of

admission, and he did not require a transfusion of pRBCs. The methylpred-

nisolone was discontinued after 5 days. At the time of discharge, his hemo-

TABLE I. Clinical Characteristics of Pediatric Cases Presented

Patient 1 Patient 2 Patient 3 Patient 4

Age (years) 3 14 7 0.5
Weight (kg) 13.9 50.3 21.9 7.7
Sex F M M F
Diagnosis Kawasaki AIDP Kawasaki Kawasaki
Total IVIG amount (g/kg) 4 2 4 4
Blood type A1 A1 A1 AB1
Decrease in hemoglobin (g/dL) 5.3 5.5 4.8 4.8
Transfusion Yes No Yes Yes
Hemoglobin (pre-IVIG) (g/dL) 11.3 15.4 11.1 11.5
Hematocrit (pre-IVIG) (%) 33 42.8 31.2 33.7
Hemoglobin nadir (post) (g/dL) 6.0 9.9 6.3 6.7
Hematocrit (post) (g/dL) 16.7 27.6 17.4 16.6
MCHC (g/dL) 36.9 38.8 39.6 40.4
Reticulocyte (%) 7.8 6.5 13.4 3.3
LDH (U/L) 263 367 373 376
Haptoglobin (mg/dL) ND ND <8 18
Total/direct bilirubin (mg/dL) 1.6/0.6 3.4/0.3 1.0/0.2 3.6/0.5
DAT Negative Weak positive (IgG) Microscopic (IgG) 11 (IgG)
IAT Negative Negative Negative Negative

All data are post-IVIG administration, except as noted.
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globin had recovered to 11.3 g/dL. Follow-up 10 days later showed further

improvement of his hemoglobin to 12.4 g/dL, with a reticulocyte count of

4.9%, and a negative DAT.

Patient 3 is a 7-year-old boy with Kawasaki disease who was treated with

IVIG (2 g/kg, Gammagard) on Days 2 and 4 of hospital admission. On Day

5 of the hospital admission, his hemoglobin was noted to be 7.9 g/dL, which

was decreased from his admission hemoglobin of 11.1 g/dL. The peripheral

blood smear showed spherocytes, consistent with antibody-mediated hemol-

ysis. His hemoglobin reached a nadir of 6.3 g/dL on hospital Day 9, and he

was started on oral prednisone 2 mg/kg/day for IVIG-mediated hemolysis.

He also received a transfusion of type O-negative pRBCs. At the time of dis-

charge on hospital Day 11, his hemoglobin was 10.9 g/dL and his reticulo-

cyte count was 11.2%. At follow-up 2 months after discharge, his hemoglo-

bin was 11.4 g/dL, with a reticulocyte count of 1.3%, and a negative DAT.

Patient 4 is a 5-month-old girl with Kawasaki disease who was treated

with IVIG (2 g/kg, Gammagard) on the 1st and 3rd days of hospitalization.

On the 5th day of hospitalization, she was noted to have a hemoglobin of

6.7 g/dL, which was significantly decreased from her admission hemoglobin

of 10.1 g/dL. Patient 4 was transfused with pRBCs on the 5th and 7th days

of her hospitalization. After the transfusions, her hemoglobin increased to

13.3 g/dL and remained stable for the remainder of her hospital stay.

Niosi et al. first reported a case of passive transmission of RBC antibodies

with administration of ‘‘human gamma globulin’’ to a neonate in 1971 [3].

Since this initial report, a number of groups have demonstrated IVIG-medi-

ated hemolysis of RBCs in adult patients. Two larger case series were pub-

lished by Wilson et al. and Daw et al. documenting 12 and 16 hemolytic

transfusion reactions, respectively, after administration of IVIG in adult

patients [4,5]. The Daw et al. study reported a mean decrease in hemoglo-

bin of 3.2 g/dL and identified non-O blood group, as well as age, female

sex, and IVIG dose, as risk factors for hemolysis.

Similar case series have not been reported for pediatric patients, although

individual reports of acute hemolysis in children with Kawasaki disease

treated with IVIG have been reported on several occasions [6–8]. To our

knowledge, this is the largest case series reported for pediatric patients with

IVIG-mediated hemolysis. Compared with the patients reported by Daw

et al. we saw a larger, and statistically significant (P < 0.02), mean

decrease in hemoglobin (5.1 ± 0.36 g/dL) and a similar non-O blood group

distribution. Therefore, IVIG-mediated hemolysis in pediatric patients

appears to cause a more profound drop in hemoglobin compared with adult

patients.

IVIG is prepared from pooled plasma from thousands of human donors

and has measurable titers of anti-A and anti-B antibodies [3,9]. The titers of

the blood group antibodies vary between different preparations of IVIG

depending on the distribution of blood group types within the plasma donor

pool. The FDA does not have requirements for blood group antibody titers in

IVIG preparations, but instead commits manufacturers to mutually agreed

upon specifications through a Biologics License Application [2]. The ability of

these antibodies to cause clinically significant hemolysis may result from a

combination of factors, including the dose of IVIG, the antibody titer in the

IVIG preparation, the affinity of the antibody for the antigen, and the level of

antigen expression on the patient’s RBCs.

In this case series, we describe four children who developed clinically sig-

nificant anemia after treatment with IVIG for either Kawasaki disease or

AIDP. The mean decrease in hemoglobin level after IVIG was 5.1 ± 0.36 g/

dL (mean ± SD), and three of the patients required blood transfusions.

Because hemoglobin and reticulocyte count are not routinely monitored after

IVIG infusion at our institution, it is possible that subclinical IVIG-mediated

hemolysis occurs much more frequently than is appreciated. Consequently,

clinicians should be aware of this potential complication and carefully moni-

tor patients for signs of anemia or hemolysis after IVIG infusion. In addition

to careful clinical observation for signs or symptoms of hemolysis, we would

also recommend checking a complete blood count and a reticulocyte count

in the post-IVIG infusion period. In our series of four patients, the clinical

signs and/or laboratory indications of hemolysis were evident within 1–2

days after IVIG administration, suggesting that this would be an appropriate

follow-up period. In patients where IVIG-mediated hemolysis is identified,

compatibility testing of a specific IVIG lot might be warranted if additional

IVIG doses are indicated, and treatment with systemic steroids could be

considered.

Methods

Patients were identified based on referral to the inpatient hematology serv-

ice at Children’s Hospital Boston for unexplained anemia, and were identified

based on clinical suspicion of hemolysis or laboratory tests obtained for

other reasons. Isohemaglutinin titers were measured by the Blood Bank for

one patient and one lot of IVIG, at the request of the consulting hematology

team. All patients reported in this series received Gammagard brand IVIG.

Three of the four patients received IVIG from two or more lots. Two patients

received IVIG from the same lot, but they each also received IVIG from dif-

ferent lots as well.

The mean decrease in hemoglobin for this case series and the adult patients

reported by Daw et al. were compared using a Wilcoxon rank-sum test.
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Figure 1. Peripheral blood smear from a patient who developed hemolysis after
treatment with IVIG. The smear demonstrates the presence of numerous sphero-
cytes (arrowheads) and mild RBC agglutination (arrows). This image was obtained
at 340 magnification on an Olympus BX51 microscope equipped with an Olympus
DP70 camera. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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