
Clarification on the detection of Epoetin Delta and Epoetin

Omega using isoelectric focusing

To the Editor: In a recent article in your journal, Delanghe et al. [1]. reviewed

both the indirect and direct methods for the detection of recombinant human

erythropoietin (rhEPO) in doping analysis. However, some of the statements

made are incorrect and some others deserve clarification.

The direct detection of the misuse of rhEPO and analogues in sports is

currently done in World Antidoping Agency (WADA) accredited laboratories

following the method developed by Lasne [2], which is based on the

differences in the isoelectric focusing (IEF) behavior between endogenously

produced urinary EPO (uEPO) and the recombinant products (epoetin alpha,

beta, etc.) and analogues (i.e., darbepoetin alpha). Those differences are

claimed to reside in the glycans of those glycoproteins, resulting from the

enzymatic endowment of the particular cell in which the protein is expressed

as well as from the selective purification applied to obtain each pharmaceutical

product.

The article, however, is wrong in stating that epoetin omega is produced in

human cells. Epoetin omega is produced in Baby Hamster Kidney (BHK) cells

[3]. Its glycosylation profile is monitored using the same IEF method and it is

perfectly distinguishable from endogenous EPO (Fig. 1). Epoetin delta

(DynepoTM, Shire Pharmaceuticals) is expressed in human cells, although it

is not produced in the kidney cells where endogenous EPO is produced, but

rather in fibrosarcoma cells (HT-1080). The statement that ‘‘dynepo/erythro-

poietin-delta, which is produced in human cells, has no distinct glycosylation

pattern that enables its detection by the direct Epo test’’ is wrong. As can be

seen in Fig. 1, epoetin delta can be detected—as can the other recombinant

products—by using the IEF method, and its IEF profile is distinguishable from

the endogenous EPO. The profile shows six isoforms in the basic area and two

extra isoforms (one very faint) in the endogenous area, as described also in a

recent article [4].

Last but not least, CERA (MirceraTM, Roche), a pegylated derivative of

epoetin beta, can also be detected using the same method. It shows five

intense bands plus a weaker one also in the basic area [5]. However,

because of its higher molar mass (ca. 60,000 Da), it is not expected to be

significantly excreted in urine so its detection will probably have to be done

in serum. The application of the same IEF method to serum can also be

performed, although it requires a different purification approach as recently

described [6].
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On the detection of newer Epo forms in serum and urine

using isoelectric focusing

To the Editor: Our review [1] stated that epoetin-delta is produced in human

cells but did not specify the origin of epoetin-omega [2], which is indeed

produced in baby hamster kidney cells. In a WADA report, the possible

existence of analytic problems with dynepo was suggested because of the

identical glycosylation pattern with endogenous Epo [3]. This has been

confirmed by leading experts [4]. The recent data provided by Belalcazar et al.

[5,6] regarding the new epoforms could not have been incorporated in our

review for the simple reason that these data were only published after

acceptance of our manuscript in August 2007. It should however be noted that

the demonstration of dynepo has so far only been reported using a sodium

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) technique on

one 56-year-old individual. This recently introduced technique that was

referred to by Belalcazar et al. has not been approved yet for doping control.

Since the SDS-PAGE method exploits the tiny mass differences between

various Epo forms, extreme control of the preanalytical phase will be

necessary, for example to prevent the action of proteases and other modifying

enzymes [7,8].

The high molecular mass of pegylated Epo-forms indeed poses a serious

threat to urinary Epo testing since these heavy Epo-forms are not expected to

pass the glomerular filter. We are surprised by the suggestion that testing for

pegylated Epo abuse can be done with the same isoelectric focusing (IEF)

method, starting from serum instead of urine, and by adapting the purification

approach. It should be noted that the differences between serum and urine

isoforms are important: because of its larger heterogeneity serum Epo is less

easy to differentiate from rhEpo, with more than 10 isoforms in a much broader

pI range, including bands in the more basic region [9,10]. Human serum Epo

emerged with a significantly lower molecular mass than rhEpo, probably

because of less extensive sialylation and other alterations in the glycan

structures [11]. Urine Epo is more acidic and can be easily discriminated from

rhEpo. The apparent molecular weight of urinary hEpo on SDS-PAGE is

smaller [12]. The sialic acid content of urinary hEpo, which has a strong

influence on its acidity, however, is higher. The charge difference can be

attributed to a difference in renal handling of the various glycoforms of hEpo,

caused by differential renal reabsorption or postsecretion processing of the

glycans [11,13].

The mentioned molecular variability implies that IEF resulting from serum

Epo will be difficult to interpret and that the applied rules should be very strict

to avoid different interpretations. It is obvious that switching from urine to

serum eliminates the advantages of the IEF-based approach and favors

indirect Epo testing.

Figure 1. Isoelectric focusing profiles of different EPOs and analogues

obtained with the method as used in doping control (pH range 2–6). A, dar-

bepoetin alpha (Aranesp from Amgen); B, mixture epoetin alpha and beta

from European Pharmacopoeia; C, epoetin omega (Epomax from Elanex);

D, epoetin delta (Dynepo from Shire Pharmaceuticals); and E, uEPO

(human urinary EPO standard from the National Institute for Biologic Stand-

ards and Control).

VVC 2008 Wiley-Liss, Inc.

American Journal of Hematology 754 http://www3.interscience.wiley.com/cgi-bin/jhome/35105



JORIS DELANGHE
1

MATHIEU BOLLEN
2

MONIQUE BEULLENS
2

1Department of Clinical Chemistry, University Hospital Ghent, Belgium
2Laboratory of Biosignaling and Therapeutics, Department of

Molecular Cell Biology, KU Leuven, Leuven, Belgium

Published online 27 May 2008 in Wiley InterScience

(www.interscience.wiley.com).

DOI: 10.1002/ajh.21228

References
1. Delanghe JR, Bollen M, Beullens M. Testing for recombinant erythropoietin. Am

J Hematol 2008;83:237–241.
2. Kwan JT, Pratt RD. The Epoeitin delta study group. Epoetin delta, erythropoietin

produced in ahumancell line, in themanagement ofanaemia in predialysis chronic
kidney disease patients. Curr Med Res Opin 2007;23:307–311.

3. Peltre G, Thormann W. Evaluation Report of the Urine EPO Test. Paris: Council
of the World Anti-Doping Agency (WADA); 2003.

4. Ketterer F. Die gehen da gezielt ran. Die Tageszeitung September 21, 2002.
5. Kohler M, Ayotte C, Desharnais P, et al. Discrimination of recombinant and

endogenous urinary erythropoietin by calculating relative mobility values from
SDS gels. Int J Sports Med 2008;29:1–6.

6. Reicheil C. SDS-PAGE of recombinant and endogeneous erythropoietins:
benefits and limitations of the method for application in doping control. Manfred
Donike Workshop, 26th Cologne Workshop on Dope Analysis, 2008. Abstract.

7. Lamon S, Robinson N, Sottas PE, et al. Possible origins of undetectable EPO in
urine samples. Clin Chim Acta 2007;385:61–66.

8. Franke WW, Heid H. Pitfalls errors and risks of false-positive results in urinary
EPO drug tests. Clin Chim Acta 2006;373:189–190.

9. Lasne F, Martin L, Martin JA, de Ceaurriz J. Isoelectric profiles of human
erythropoietin are different in serum and urine. Int J Biol Macromol 2007;41:
354–357.

10. Mallorqui J, Segura J, de Bolos C, et al. Recombinant erythropoietin found in
seized blood bags from sportsmen. Haemotologica 2008;93:313–314.

11. Skibeli V, Nissen-Lie G, Torjesen P. Sugar profiling proves that human serum
erythropoietin differs from recombinant human erythropoietin. Blood 2001;
98:3626–3634.

12. Kung CK, Goldwasser E. A probable conformational difference between
recombinant and urinary erythropoietins. Proteins 1997;28:94–98.

13. Wide L, Bengtsson C, Berglund B, Ekblom B. Detection in blood and urine of
recombinant erythropoietin administered to healthy men. Med Sci Sports Exerc
1995;27:1569–1576.

Philadelphia-negative acute myeloid leukemia with new

chromosomal abnormalities developing after first-line

imatinib treatment for chronic phase chronic myeloid

leukemia

To the Editor: During treatment with imatinib, some patients with chronic

myeloid leukemia (CML) develop chromosomal abnormalities (CAs) in

Ph-negative metaphases as they respond to therapy. Although these

abnormalities are frequently similar to those commonly associated with

myelodysplastic syndrome (MDS) or acute myeloid leukemia (AML), occur-

rence of second leukemias is rare. However, a few cases of high-risk MDS or

acute leukemias evolving from these Ph-negative clones have been reported

representing 5–7% of all patients, who develop these abnormalities [1,2]. In all

instances reported to date, the new leukemia harbored the same abnormality

present previously in Ph-negative metaphases while the patient was receiving

therapy with imatinib, suggesting the leukemia emerges from that clone [3–5].

The exceptions are three reported patients, in which a diploid new leukemia

emerged in patients with no prior CAs in Ph-negative metaphases [6–8]. In

most of these instances, dysplastic changes anteceded the diagnosis of AML.

Here we report a patient who developed a second leukemia (AML) with a new

chromosomal abnormality in the absence of antecedent CAs in Ph-negative

metaphases.

A 70-year-old man with chronic phase CML was treated with imatinib 400

mg. He achieved major cytogenetic response after 3 months, complete

cytogenetic response (CCyR) by 6 months, and major molecular response

by 12 months from the start of therapy. After 6 years of therapy, he

remained in CCyR with no additional CAs or any dysplastic changes. Four

months later, he had progressive pancytopenia and a bone marrow

aspiration showed 90% blasts with myeloid markers. The cytogenetic

analysis had 14 metaphases with 47, XY, þ13, one with 46, XY,

t(2;14)(p11.2;q32), and one 46, XY. FISH and PCR were both negative

for BCR-ABL. A diagnosis of Ph-negative AML was formulated. Imatinib

was suspended, and chemotherapy was started. The patient died 1 month

later from disease progression.

This is the first case of second Ph-negative AML emerging on a background

of a CCyR with no history of CAs in Ph-negative metaphases in whom a new

CA (trisomy 13) emerged only as a new AML occurred. Trisomy 13 has not

been previously reported among the CAs in Ph-negative metaphases in CML

patients responding to imatinib. Interestingly, there is one CML patient

reported in the literature treated only with busulphan and hydroxyhurea, who

remained fully Ph-positive for 9 years and then developed a Ph-negative AML

harboring trisomy 13 in Ph-negative blasts [9]. In AML, trisomy 13 is seen

more frequently in older patients, is frequently associated with other CAs, and

carries a poor prognosis [10].

Ph-negative CAs occurring during imatinib therapy can be a manifesta-

tion of genetic instability. The fact that some patients with these

abnormalities may develop new leukemias even in the absence of any

detectable CAs [6–8], or that abnormalities may appear only upon the

emergence of the new leukemic clone, suggests that this is a dynamic and

complex phenomenon where the factors responsible for leukemogenesis

may be present at the molecular level, are heterogeneous and independent

of BCR-ABL, much like in de novo AML.
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Induction of integrin b1 expression in bone marrow cells

after chemotherapy correlates with the overexpression of

lung resistance protein and poor outcome in patients with

multiple myeloma

To the Editor: Acquired drug resistance continues to be one of the major

obstacles hindering the successful treatment of multiple myeloma (MM).

Expression of one or several multidrug resistance (MDR) genes such as lung

resistance protein (LRP) and MDR1 is associated with resistance to
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doxorubicin, vincristine, carboplantin, cisplatin, and of particular interest for

MM, melphalan [1–3]. Furthermore, MM patients with LRP expression had a

shorter overall survival than those without LRP expression [4]. Recently,

interactions between cell surface integrins and extracellular matrix compo-

nents have been shown to be responsible for innate drug resistance, termed

cell adhesion mediated drug resistance (CAM-DR). In human MM cells, the

integrin a4b1 is one of the main adhesion receptors that mediate tumor binding

to fibronectin (FN) and vascular cell adhesion molecule [5,6]. The b1 integrin-

mediated adhesion of MM cells to FN confers protection against drug-induced

apoptosis [7,8] and triggers nuclear factor kB (NF-kB)-dependent transcrip-

tion, and secretion of the major MM growth and survival factor IL-6 [9].

Thus, in the present study, expression levels of integrin b1 by bone marrow

cells of 17 MM patients (Table I) before (pre) and after (post) chemotherapy

were determined in association with the expression of well-known drug

resistance genes, LRP and MDR1. The indices for the expression induction of

integrin b1 (ratios, post/pre chemotherapy) correlated with those of LRP (Fig.

1A) but not with those of MDR1 (Fig. 1B). Further, MM patients with an

increased expression ratio (�1.0) of integrin b1 in bone marrow cells exhibited

shorter survivals than those with a decreased expression ratio (51.0) (see

Fig. 2). These findings suggest that the chemotherapy-induced overexpres-

sion of integrin b1 in a part of MM patients would cause the upregulation of

LRP expression in bone marrow cells after chemotherapy and might

deteriorate the outcome of these MM patients.

Integrin-mediated cell signaling [11] is capable of protecting MM cells

against apoptosis induced by an extremely wide variety of structurally and

functionally diverse agents from traditional DNA damaging agents to the

kinase inhibitor [12]. The mechanisms for CAM-DR of MM cells might correlate

with the overexpression of LRP induced by integrin b1 signaling. Also in human

nasal carcinoma cell line, a melphalan-resistant variant revealed stronger

expression of integrin b1 than parental cells [13]. However, only slightly

elevated expression of MDR1 was observed and LRP was undetectable in this

variant. Thus, integrin b1-associated overexpression of LRP would not be

general in various types of cells but characteristically occur in MM cells.

Moreover, it should be noted that mechanisms for this CAM-DR are drug-type

specific [14]. For example, cell–cell interactions between MM cells and bone

marrow stromal cells are involved in the protection of myeloma cells from

mitoxantrone-induced apoptosis.

In summary, integrin b1 and LRP might confer chemotherapy-resistant

character to MM cells. Further study should clarify the mechanism of integrin

b1 as well as LRP induction in MM cells under chemotherapy and the novel

chemotherapeutic strategy [15,16] should be considered for blocking CAM-DR

including integrin b1-associated signals in MM cells.
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TABLE I. Clinical Data of Patients with MM Used in the Study

Cases

Age/

Gender Regimen of chemotherapy

Plasma cell (%)a

(pre/post)

Chr.b

abnor Stagec
Survival

(months)

1 44/M MP�3, MCNU-VMP�5, VAD�1 12.2/1.8 (�) 1A 13

2 85/F MCNU-VMP�9 33.2/3.0 (�) 3A 18

3 66/F MP�3, VAD�6, MCNU-VMP�8,

HD-CPM/VP-16, HD-L-PAMþPBSCT

1.6/0.4 (þ) 1A 20

4 63/F MP�7, IFN�1,MCNU-VMP�3,VAD �1

HD-CPM/VP-16�1, ICEþPBSCT

30.0/30.0 (�) 3A 24

5 71/M IFN�1, MCNU-VMP�7, VAD�2,

HD-Dex�2

24.0/30.5 (�) 3B 31

6 74/F MP�8, IFN�1, MCNU-VMP�5, VAD�1 43.6/7.6 (�) 3A 35

7 78/F MP�2, MCNU-VMP�1, VAD�6 30.0/10.0 (�) 1A 36

8 54/M MP�2, IFN�2, MCNU-VMP�3, VAD�6,

HD-CPM/VP-16�1, auto-PBSCT

56.8/51.0 (þ) 2A 40

9 46/F MCNU-VMP�4, VAD�1, HD-CPM/

VP-16�1

49.4/0.2 (þ) 3A 43

10 69/F MCNU-VMP�4, MP�16, VAD�3,

HD-CPM/VP-16

5.0/35.2 (�) 1A 48

11 66/F MCNU-VMP�3, IFN�2 HD-CPM/VP-16,

MCNU-VMP

14.0/32.4 (�) 1A 48

12 56/M MCNU-VMP�3, HD-CPM/VP-16, MP�9 30.0/10.2 (�) 2A 48

13 71/M MCNU-VMP�4, VAD�4, IFN, HD-CPM/

VP-16�1

17.6/4.8 (�) 2A 460

14 70/M MP�1, IFN�1, MCNU-VMP�2 5.8/14.0 (�) 1A 460

15 75/M MCNU-VMP�4, IFN, MCNU-VMP�2,

HD-CPM/VP-16, MP�2, MCNU-

VMD�2

11.0/10.2 (�) 3A 460

16 71/F MP�1, IFN�1, MCNU-VMP�2, VAD�8,

HD-CPM/VP-16�1

24.6/15.4 (�) 1A 460

17 50/M MCNU-VMP�3, IFN�5, HD-CPM/VP-16 15.6/5.4 (þ) 3A 460

Patients were treated with melphalan-based regimens. MP, melphalan, prednisolone; MCNU, ranimustine; VMP, vincristine, melphalan, predniso-

lone; VAD, vincristine, adriamycin, dexamethasone (Dex); HD, high-dose; CPM, cyclophosphamide; VP-16, etoposide; L-PAM, melphalan; PBSCT,

peripheral blood stem cell transfer; IFN, interferon; ICE, ifosphamide, carboplatin, etoposide.
aRatio of plasma (myeloma) cells in the bone marrow before (pre) and after (post) chemotherapy.
bChromosomal abnormality. For the simplicity, only the presence of abnormality is indicated as (þ).
cClinical stage classified by the Durie/Salmon plus staging system [10].

756 American Journal of Hematology



References
1. Sonneveld P. Multidrug resistance in haematological malignancies. J Intern Med

2000;247:521–534.
2. Dalton WS, Grogan TM, Rybski JA, et al. Immunohistochemical detection and

quantitation of PGP in multiple drug-resistant human myloma cells: Association
with level of drug resistance and drug accumulation. Blood 1989;73:747–752.

3. Grogan TM, Spier CM, Salmon SE, et al. P-glycorotein expression in human
plasma cell myeloma: Correlation with prior chemotherapy. Blood 1993;81: 490–
495.

4. Filipits M, Drach J, Pohl G, et al. Expression of the lung resistance protein
predicts poor outcome in patients with multiple myeloma. Clin Cancer Res
1999;5:2426–2430.

5. Uchiyama H, Barut BA, Mohrbacher AF, et al. Adhesion of humen myeloma-
derived cell lines to bone marrow stromal cell stimulates interleukin-6 secretion.
Blood 1993;82:3712–3720.

6. Lokhorst HM, Lamme T, de Smet M, et al. Primary tumor cells of myeloma
patients induce interleukin-6 secretion in long-term bone marrow cultures. Blood
1994;84:2269–2277.

7. Damiano JS, Cress AE, Hazlehurst LA, et al. Cell adhesion mediated drug
resistance (CAM-DR): Role of integrins and resistance to apoptosis in human
myeloma cell lines. Blood 1999;93:1658–1667.

8. Damiano JS, Dalton W. Integrin-mediated drug resistance in multiple myeloma.
Leuk Lymphoma 2000;38:71–81.

9. Chauhan D, Uchiyama H, Urashima M, et al. Regulation of interleukin 6 in
multiple myeloma and bone marrow stromal cells. Stem Cells 1995;13(Suppl 2):
35–39.

10. Durie BG. The role of anatomic and functional staging in myeloma:
Description of Durie/Salmon plus staging system. Eur J Cancer 2006;42:
1539–1543.

11. Hehlgans S, Haase M, Cordes N. Signalling via integrins: Implications for cell
survival and anticancer strategies. Biochem Biophys Acta 2007;1775:163–180.

12. Damiano JS. Integrins as novel drug targets for overcoming innate drug
resistance. Curr Cancer Drug Targets 2002;2:37–43.

13. Liang Y, Meleady P, Cleary I, et al. Selection with melphalan of paclitaxel (Taxol)
yields variants with different patterns of multidrug resistance, integrin expression
and in vitro invasiveness. Eur J Cancer 2001;37:1041–1052.

14. Nefedova Y, Landowski TH, Dalton WS. Bone marrow stromal-derived soluble
factors and direct cell contact contribute to de novo drug resistance of myeloma
cells by distinct mechanisms. Leukemia 2003;17:1175–1182.

15. Li Z-W, Dalton WS. Tumor microenvironment and drug resistance in hematologic
malignancies. Blood Rev 2006;20:333–342.

16. Anderson KC. Targeted therapy of multiple myeloma based upon tumor-
microenvironmental interactions. Exp Hematol 2007;35:155–162.

Extremely slow methotrexate elimination in a patient

with t(9;22) positive acute lymphoblastic leukemia

treated with imatinib

To the Editor: A 48-year-old female (body mass index 41.7 kg/m2) was

treated for t(9;22) positive precursor-B acute lymphoblastic leukemia. The

preinduction course consisted of imatinib 600 mg once daily and i.v. cytarabine

200 mg/m2 (Days 1 and 8), etoposide 120 mg/m2 (Days 1 and 8), and MTX

500 mg/m2 (Days 4 and 11) with folinic acid (30 mg every 6 hr commencing 24

hr after MTX infusion). She had no clinical signs of pleural effusion or ascites

with initiation of MTX, but she developed peripheral edema with a 3 kg weight

gain on Day 5. Plasma MTX concentrations were measured daily from Day 5,

as the MTX concentration did not decrease as rapidly as expected (Fig. 1).

There was peripheral edema with 5 kg weight gain since Day 1, and chest

radiography and abdominal ultrasound on Day 10 revealed some ascites and

left-side pleural effusion. The pleural MTX concentration was in equilibrium

with plasma MTX concentrations (0.05 mmol/L). Loop diuretics were started,

resulting in weight loss with deterioration of renal function without affecting the

pleural effusion. Diuretics and imatinib were stopped on Day 13. MTX finally

disappeared from the plasma at Day 20, with concomitant disappearance of

the pleural fluid on a chest X-ray and the resolution of edema. Folinic acid was

continued throughout, and MTX toxicity was limited to Grade II oral mucositis.

The duration of MTX exposure is the principal contributing factor to toxicity

[1]. MTX dilution into a larger volume of distribution (ascites, pleural effusion,

and edema) was the likely initial cause of slow MTX elimination [1,2]. Fluid

retention is a frequently occurring side effect of imatinib, suggesting that

imatinib may have been the cause of (or a major contributing factor to) the

fluid retention in our patient [3]. Symptomatic imatinib-related fluid retention

is mainly confined to peripheral edema (observed in 66–74% of patients),

with pleural effusions occurring much less frequently [3]. As pleural

effusions, ascites, and peripheral edema all contribute to an increase in the

volume of distribution of MTX, caution is advised when combining imatinib with

MTX. Diuretic-induced deterioration of renal function may have further slowed

MTX clearance, but this was not the primary cause (Fig. 1) [4].

This case report demonstrates that the development of edema, ascites, and

pleural effusions should be carefully monitored in patients receiving high-dose

MTX, especially when in conjunction with imatinib. Temporary imatinib

cessation should be considered for rapid resolution of fluid retention, and

Figure 1. Correlation of the expression ratios of integrin b1 and LRP (A) or

integrin b1 and MDR1 (B) by bone marrow cells of MM patients before and

after chemotherapy. Quantitative RT-PCR analysis of integrin b1, LRP, and
MDR1 was performed before and after chemotherapy. Relative expression

intensity of each sample was calculated as (intensity of reaction of integrin

b1, LRP or MDR1 [total Raji RNA, ng])/(intensity of reaction of GAPDH [total

Raji RNA, ng]). Then, the ratio (post/pre chemotherapy) was calculated.

Note that positive correlation was significant between the ratios of integrin

b1 expression and LRP expression by correlation-coefficient test (A) (R =

0.86, P < 0.05).

Figure 2. Survival curves of MM patients with or without an increased

expression of integrin b1 after chemotherapy. Note that patients with the

chemotherapy-induced overexpression of integrin b1 (the expression ratio,

post/pre chemotherapy �1) exhibited significantly shorter survival than

patients without an overexpression of integrin b1 (the ratio 51) (P 5 0.05

by generalized Wilcoxon’s test).
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folinic acid rescue therapy should be continued until MTX disappears from the

plasma to prevent severe MTX-related toxicity following prolonged exposure.
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Pure red-cell aplasia associated with pegylated

interferon-alpha-2b plus ribavirin

To the Editor: Pure red-cell aplasia (PRCA) is characterized by severe

anemia, reticulocytopenia, and absence of erythroid precursor cell in bone

marrow. The causes of PRCA are viral infection, lymphoproliferative

diseases, and some drugs such as ribavirin and standard interferon [1–3].

The currently recommended treatment for chronic hepatitis C is the

combination of pegylated interferon (PEG-INF) and ribavirin, while little

information is available on the association between PRCA and PEG-INF

combination with ribavirin. We report the first case of PRCA during this

combination therapy.

A 58-year-old man was diagnosed with chronic hepatitis C genotype 2 in

1993. He received standard interferon in 1996, but to no avail. He was given

PEG-INF alpha-2b 100 mg weekly and ribavirin 800 mg daily in May 2006.

Ribavirin dose was reduced to 400 mg daily, since the hemoglobin level had

decreased from 15.1 to 7.8 g/dl 9 weeks after initiation of the treatment.

Ribavirin was discontinued at week 16, since the hemoglobin level dropped to

5.5 g/dl even 6 weeks after the reduction in the dose of ribavirin. After

discontinuation of ribavirin, anemia persisted, and he was transfusion-

dependent during 11 weeks administration of PEG-INF alpha-2b. The

reticulocyte count was 0.3 � 104 per ml. Serologic studies for human

parvovirus B19 was consistent with past exposure. Hepatitis C virus RNA

remained undetectable. Serum levels of indirect bilirubin, lactate dehydrogen-

ase, or haptoglobin level remained normal during the combination treatment

with PEG-INF alpha-2b plus ribavirin. He received no drugs other than PEG-

INF alpha-2b or ribavirin. Bone marrow examination showed severe

hypocellularity without any morphologic abnormalities and a selective

depletion of erythroid precursor cells. The diagnosis of PRCA was established

based on these findings. Cyclosporine (6 mg/kg) and metenolone acetate (20

mg) were administered daily. Hemoglobin levels and reticulocyte counts began

to rise at 12 weeks after discontinuation of PEG-INF alpha-2b, and he has not

required further transfusion (Figure 1).

This case demonstrated that PRCA was a possible complication in patients

who received PEG-INF plus ribavirin. Some hypotheses can be raised

concerning the pathogeneses of PRCA associated with PEG-INF plus

ribavirin. Ribavirin alone might not contribute to the development of PRCA in

this case, because transfusion-dependent anemia persisted after discontinua-

tion of ribavirin. Considering that PRCA recovered 3 months after discontinua-

tion of PEG-INF, it is reasonable to assume that PEG-INF might have played

an important role in the pathogenesis of PRCA. At present, it remains

unknown whether PRCA is attributable to either PEG-INF alone or that

combined with ribavirin. Further investigations are warranted.

PEG-INF in combination with ribavirin has become the standard therapy for

chronic hepatitis C since the development of PEG-INF in 2002 [4].

Hematologic abnormalities are the major side effects associated with this

combination treatment, and the most common cause of anemia is hemolysis

caused by ribavirin [5]. Interestingly, the present case showed that PRCA is

infrequent, but important complication associated with this combination

therapy. Anemia associated with reticulocytopenia during this combination

treatment should alert physicians to the possibility of PRCA.

Clinicians should consider the possibility of PRCA, when anemia associated

with reticulocytopenia develops during the treatment with PEG-INF plus

ribavirin for patients with chronic hepatitis C.
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Figure 1. Time after start of the preinduction course versus methotrexate

plasma concentration (l and ------) and creatinine clearance calculated with

the MDRD equation (X and ������).

Figure 1. Clinical courses, laboratory data, and treatments. Each arrow of

PEG-INF represents the 100 lg of pegylated interferon alpha-2b. Each

arrow head of RBC transfusion represents the transfusion of two units of red

blood cell.
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The association between non-Hodgkin lymphoma and

renal cell carcinoma in an HIV-positive patient:

Clinico-pathological features and pathogenic implications

To the Editor: A 49-year-old male patient, who was known to be HIV-positive

for 7 years, was admitted to our hospital because of fever, weakness, and

dyspnea. Clinical data and radiological examinations suggested an infectious

disease or a lymphoproliferative disorder. A few days later the patient died, and

a complete postmortem examination was performed.

The autopsy revealed nodular parenchymal and subpleural lesions in both

lungs, hepatosplenomegaly with parenchymal and subglissonian nodular

lesions, lymphadenopathy at the hepatic hilus, paraaortic lymphadenopathy,

an osteolytic lesion in the L3 vertebra and a yellowish, friable, neoplastic lesion

in the upper pole of the right kidney, 2.3 cm in diameter.

All of the examined lymph nodes, the lung (Fig. 1a,b) and liver (Fig. 1c)

nodules, and the vertebral osteolytic lesion were composed of a diffuse

proliferation of large lymphoid cells, with voluminous nuclei and prominent

nucleoli, resembling immunoblasts and centroblasts, sometimes with anaplas-

tic features (Fig. 1a) with frequent mitotic figures. Foci of interstitial

microinfiltration in both kidneys (Fig. 1d) were also found.

Neoplastic cells showed the following immunophenotype: CD20þ, CD3�,

CD79aþ, MUM1/IRF4þ, CD138�, CD30�, ALK protein�, EBV-LMP1þ/�
(Fig. 1b), HHV-8/LNA1�, CMV�; Ki67 expression was observed in more than

70% of the cells. A diagnosis of an AIDS-related, EBV-positive, diffuse large

B-cell lymphoma was made.

The renal neoplasia showed immunomorphological features consistent with

renal cell carcinoma (RCC), papillary (chromophil) variant with clear cells

surrounded by multiple foci of lymphomatous infiltration (‘‘collision tumors’’)

(Fig. 1d). Immunoreaction for EBV-LMP1 was negative in the carcinoma cells.

To better investigate EBV infection in lymphomatous and carcinomatous

cells, EBV-encoded RNA (EBER) in situ hybridization (ISH) was performed.

ISH was positive in many neoplastic lymphomatous cells and in occasional

RCC cells, disclosing an infection by EBV in tumor cells of both neoplasias.

For molecular studies, DNA was selectively extracted from paraffin sections

containing only a tumor component, and then polymerase chain reaction

(PCR) assays for the detection of EBV DNA [1] were performed. EBV DNA

sequences were detected only in the lymphomatous tissue with no amplifica-

tion of viral DNA in the carcinomatous tissue.

The observation of second primary malignancies in patients with non-

Hodgkin lymphoma (NHL) has been described for many years [2].

Epidemiological studies revealed an increased incidence of RCC in NHL

patients [2], and the occurrence of the two diseases independently from a

previous treatment suggested that the two neoplasias could share common

etiopathogenic mechanisms [3].

Because neoplastic cells are infected by EBV [4] in almost all cases of

AIDS-related lymphomas, we investigated the presence of the virus in the

neoplastic cells of both tumors to evaluate the possibility of a common viral

etiological agent. Interestingly, Shimakage et al. [5] recently published a study

demonstrating the expression of EBV in cases of RCC, suggesting that the

virus may be involved in the pathogenesis of renal tumors.

We could demonstrate the infection by EBV in both lymphomatous and

carcinomatous cells by means of EBER ISH, but we failed in confirming the

presence of EBV DNA in RCC cells. An explanation of this could be that EBER

ISH revealed the presence of the viral messenger RNA in a few RCC cells, but

that the viral DNA amount was under the limit of detection by the method used [1].

Regardless, AIDS-related immunosuppression and EBV infection may be

supposed to be the pathogenic mechanisms for the occurrence of RCC,

suggesting that EBV, at least in this case, may represent the common

etiological agent in the association between NHL and RCC.
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Figure 1. (a) Lymphomatous cells with voluminous nuclei and prominent

nucleoli, resembling immunoblasts and centroblasts, sometimes with ana-

plastic features (lung, hematoxylin–eosin, �630); (b) many neoplastic cells

display a strong cytoplasmic immunoreaction for EBV-LMP1 antibody (lung,

�400); (c) periportal lymphomatous infiltration of liver parenchyma (hema-

toxylin–eosin, �630); (d) interstitial lymphomatous infiltration (upper) and

RCC (lower) in the right kidney (hematoxylin–eosin, �100). [Color figure can be

viewed in the online issue, which is available at www.interscience.wiley.com.]
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Compound heterozygosity of non-deletional hereditary

persistence of fetal hemoglobin and db-thalassemia

To the Editor: Hereditary persistence of fetal hemoglobin (HPFH) and db-

thalassemia are two inherited conditions, characterized by the persistent

expression of the fetal (g-) globin genes and increased fetal hemoglobin (HbF)

levels in adulthood [1]. Although HPFH conditions are symptoms-free, db-

thalassemias have a typical thalassemic phenotype with moderate anemia and

reduced hematological indices. Large deletions that remove d- and b-globin

genes result in db-thalassemia or deletional HPFH, whereas HBG1 or HBG2

promoter mutations lead to nondeletional (nd-) HPFH [2]. Both conditions are

rare, but of outmost importance as they shed light into the molecular

mechanism regulating g-globin genes expression, which, in turn, can provide

valuable insights toward the design and implementation of novel b-

thalassemia therapeutic modalities.

In the Hellenic population, the Greek nd-HPFH (HBG1:g.-117G 4 A) and

the Turkish db-thalassemia are two of the most frequently found molecular

defects accompanied by high-HbF levels, but with a very low incidence in the

general population, that is, less than 0.1% [3,4]. Moreover, the incidence of the

Turkish db-thalassemia is higher in Central Greece [5,6]. Here, we report the

first examples of HPFH/db-thalassemia compound heterozygosity reported in

the literature.

The index cases were two unrelated adult females of central Greek origin.

Informed consent was obtained for participating in this study as well as for their

relatives. Hematological indices measurement, HbA2 and HbF quantitation,

DNA isolation, g-globin genes amplification, and subsequent analysis, using

denaturing gradient gel electrophoresis, and DNA sequencing was done as

previously described [7], whereas determination of db-thalassemia was done

using a gap-PCR strategy [8].

DNA studies revealed that both female subjects were compound hetero-

zygous for the Greek nd-HPFH and Turkish db-thalassemia, presenting with

significantly increased HbF levels, namely 46.4% and 67.2%, respectively

(Table I). In the former case, the HBG1:g.-225-222AGCAdel sequence

variation, always found in cis to the Turkish db-thalassemia chromosomes

and occasionally correlated with high-HbF levels and milder clinical symptoms

in b-thalassemia patients [9], was surprisingly not detected. Family studies

confirmed that, in both the cases, the Greek nd-HPFH mutation and the

Turkish db-thalassemia deletion reside on different chromosomes.

Our results indicate that HbF levels were considerably higher compared to

typical Greek nd-HPFH and Turkish db-thalassemia heterozygotes (3.2–5.1-

fold), and the HbA2 levels were markedly reduced (1.7–3.7-fold). However, the

hematological indices resembled that of typical db-thalassemia heterozygotes,

with the exception of the HbA2 levels that were even further decreased. The

latter can be explained from the functional inhibition of the HBD gene, in cis to

the HBG1 gene, bearing the Greek nd-HPFH mutation. Furthermore, the

significantly increased HbF levels fail to ameliorate the hematological picture

of the Greek nd-HPFH/db-thalassemia compound heterozygotes. This

situation is reminiscent of the situation observed in Greek nd-HPFH/b-

thalassemia compound heterozygotes [10]. Thus, our data suggest that the

interaction of nd-HPFH with db-thalassemia results in a clinical picture similar

to db-thalassemia carriers, despite the markedly increased HbF levels. The

differences in the HbF and HbA2 levels between our two cases may be

attributed to the absence of the HBG1:g.-225-222AGCAdel sequence

variation, correlated with lower HbF and higher HbA2 levels.
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TABLE I. Hematological Indices and Genotypic Data from the Compound Heterozygous Cases for the Greek nd-HPFH

and the Turkish db-Thalassemia and Comparison with Regular Heterozygotes for These Conditions

Cases B.S. (F/59) T.E. (F/38) Turkish db-thalassemia (n ¼ 39) Greek nd-HPFH (n ¼ 34)

Hematological indices

Hb (g/dl) 11.7 12.3 12.2 ± 1.2 14.5 ± 1.7

MCH (pg) 21.6 24.1 22.5 ± 1.6 30.3 ± 1.2

MCV (fl) 68.8 74.9 72.4 ± 4.0 90.8 ± 2.7

HbA2 (%) 01.2 00.7 02.6 ± 0.4 02.0 ± 0.2

HbF (%) 46.4 67.2 13.3 ± 5.9 14.6 ± 2.5

Genotype

Greek nd-HPFH þ/� þ/� �/� þ/�
Turkish db-thalassemia �/þ �/þ �/þ �/�
Ag �225 to �222 DAGCA �/� �/þ Vb/þ �/Vb

Vb, variable, depending on the underlying haplotype on the chromosome in trans.
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