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SUMMARY

In the present study we report that the appearance of oligo-monoclonal immunoglobulins (oligoM-Igs)

in the sera of transplanted individuals is concurrent with the detection of coincident active CMV

infection and EBV replication. Eighty-four renal allograft patients were monitored with respect to CMV

isolation, to CMV conventional serology and humoral response against the EBV trans-activator

ZEBRA (an immediate-early antigen also called BZLF1). Titration of anti-ZEBRA antibodies (IgG

and IgM) and amount of EBV DNA in serum were evaluated. Using the combination of four techniques

(agarose gel electrophoresis, analytical isoelectric focusing, high resolution immunoelectrophoresis,

immuno®xation electrophoresis), oligoM-Igs were found in 25% of patients after allografting and

signi®cantly associated with rejection episodes (P < 0´001). Twenty out of 23 (86%) concurrent CMV/

EBV infections were associated with serum oligoM-Igs (P < 0´001). One can thus reasonably assume

that a sustained EBV replication following iatrogenic immunosuppression can promote the immuno-

globulin heavy chain expression in EBV-infected B lymphocytes. The proliferation of immunoglobulin-

secreting clones might occur after active CMV infection, through a transient over-immunosuppression

or via immune subversion.
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INTRODUCTION

EBV is a gammaherpesvirus of humans which has a potent B cell

growth-transforming activity [1] and is associated with diverse

malignancies including B and T cell lymphomas, adenocarcino-

mas, nasopharyngeal carcinoma and others [2]. Whereas immuno-

competent individuals can limit proliferation of EBV-infected

cells, those with congenital or acquired immunode®ciency are

highly susceptible to EBV-associated lymphoproliferation [3].

The frequency of EBV� cells in the blood of normal EBV�

donors is low and has been estimated to be in order of < 0´5±2/106

circulating B lymphocytes or < 1/107 blood mononuclear cells [4].

After organ transplantation a 100- to 1000-fold increase of circu-

lating EBV� cells was demonstrated [5,6]. Viral reactivation was

found in 25±30% of patients following transplantation because of

the heavy immunosuppressive regimens to which they must adhere

to prevent graft rejection [7,8]. Post-transplant lymphoproliferative

disease (PTLD, for which symptomatology may vary from infec-

tious mononucleosis-like illness to solid localized tumours) results

from EBV-induced proliferation of B cells in the immunosup-

pressed transplant population. Therapy with OKT3, CMV sero-

mismatch and seronegativity for EBV before transplantation [9] are

recognized to be major risk factors of lymphoproliferative disorder.

Human CMV continues to be an important post-transplant patho-

gen in allograft recipients and CMV infection increases the risk of

other opportunistic infections, probably by the intrinsic immuno-

suppression [10,11] and subversion [12] induced by this virus. The

occurrence of serum monoclonal immunoglobulins in kidney

transplant recipients is well known and one can reasonably suppose

that this might be the ®rst step of a patent immunoproliferative

disorder [13±15]. Less is known about the in¯uence of viral

infections, especially by the above-described pathogens, on the

development of oligo-monoclonal immunoglobulins (oligoM-Igs,

also called monoclonal gammopathies). The presence of oligoM-Igs
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in serum re¯ects the expansion of a B cell clone, which after

proliferation produces its individual monoclonal immunoglobulin.

CMV and/or EBV have been suspected to be responsible for

oligoM-Ig development. Our study relates that detection of both

active CMV infection and EBV reactivation in transplanted indi-

viduals was concurrent with the development of an oligoclonal

pattern of immunoglobulins, rather than a `typical' monoclonal

pattern as can be seen in myeloma patients.

In the present study we monitored 84 patients after they

received a renal allograft with respect to their humoral response

against the EBV trans-activator BZLF1 (an immediate-early anti-

gen also called ZEBRA) [16,17], which is the early sign of EBV

replication [18]. Such replication involves the ZEBRA protein,

which plays a crucial role in the switch from EBV latency to EBV

replicative cycle. EBV replication may also be associated with the

release of virions, and there is a growing interest in the detection of

the EBV load in the serum [19,20]. In the present work, both

the titration of anti-ZEBRA antibodies (IgG and IgM) and the

level of EBV DNA in serum were evaluated. Furthermore, we

analysed associations of EBV reactivation and CMV infection

and attempted to correlate them to the appearance of serum

oligoM-Ig.

PATIENTS AND METHODS

Sera (n� 288) from 84 patients (including 26 patients followed up

for > 100 days after renal transplantation) were screened prospec-

tively for oligoM-Ig, detection of CMV active infection, serologi-

cal markers of EBV infection (including anti-ZEBRA

antibodiesÐsee below), EBV DNA. All patients were transplanted

between January 1993 and December 1993 at the Transplantation

Unit, E. Herriot Hospital, Lyon.

As immunosuppressive treatment: (i) 78 patients received a

quadruple induction therapy (with anti-thymocyte globulins (ATG)

in 74); (ii) anti-CD3 MoAb (OKT3) was administered in six others

(two received both ATG and OKT3 for intolerance to ATG) for

10 days, associated with cyclosporin (dosage adapted to reach

150 mg/ml level), azathioprine (2±3 mg/kg per day) and steroids

(1 mg/kg per day). Six patients did not receive ATG, but cyclo-

sporin associated with mycophenolate mofetil (2 or 3 g/day) and

steroids. Long-term therapy consisted of triple therapy with

cyclosporin, azathioprine or mycophenolate mofetil and steroids,

and was slightly tapered with time. Rejection therapy consisted of

high-pulse steroids or OKT3.

Four patients received prophylactic anti-CMV therapy with i.v.

ganciclovir, then oral acyclovir for 3 months.

Standard laboratory diagnosis

Serologic diagnosis of EBV infection was performed by standard

methods: IgG antibodies to VCA and EA were determined by

indirect immuno¯uorescence (IF) on antigen-producing P3HR-1

cells and TPA/butyrate-induced Raji cells, respectively. Antibodies

against EBNA were determined by anti-complement IF (ACIF) on

Raji cells. Reactivation of EBV infection was de®ned by the

existence of elevated antibody titres to VCA IgG (> 1:320), EA

(> 1:80), and the pre-existence of anti-EBNA IgG antibodies

(> 1:10).

Anti-ZEBRA antibody detection by enzyme-linked immunoassay

Two antigen preparations were used for testing human sera in an

ELISA test [21]: (i) Recombinant protein: rZEBRA recombinant

protein (GST-ZEBRA from pGEXZ25 plasmid kindly supplied by

A. Sergeant, Lyon, France) was used for IgG detection; (ii) one

synthetic peptide, designated ZEBRAp130 (carboxyterminal

region of ZEBRA protein) was used for IgM detection. Results

were read by optical absorbance at 450 nm (A450). Patients with

anti-ZEBRA IgG antibodies were separated into three groups

according to the signal obtained (A450): a high-titre group with

absorbance > 1, an intermediate-titre group giving signals between

0´5 and 1 A450 unit, and a low-titre group giving signals between

cutoff value (0´3 A450) and 0´5 A450 unit. Healthy blood donors

(n� 398) were used as controls. Under the above-described condi-

tions, anti-ZEBRA IgG antibodies were detected in 14´8% (59/398)

of them, among whom 16 individuals (4%) showed high antibody

titres. Finally, anti-ZEBRAp130 IgM could be detected in 40% of

patients with EBV reactivation (5% in a population of healthy

blood donors).

Detection of EBV DNA in serum samples

A quick alkaline lysis technique for extraction of DNA from

serum sample was used [20]. Serum (20 ml) was mixed with 2 ml

of 1 M NaOH and incubated at 378C in a water bath for 60 min,

then neutralized with 2 ml of 1 M HCl. Flotation dialysis was then

performed using 0´05-mm ®lters (Millipore, Bedford, MA) to

eliminate salts. Ten microlitres of the preparation were used in a

total volume of 100 ml in the polymerase chain reaction (PCR).

PCR protocols and analysis of the PCR products have been

previously described in detail [20]. Finally, we de®ned as

patients with EBV replication those patients bearing anti-

ZEBRA IgG and/or anti-ZEBRA IgM and/or EBV DNA

detected in serum.

Detection of active CMV infection

CMV cultures were performed as described elsewhere [22].

Brie¯y, virus isolation from peripheral blood leucocytes and

urine on ®broblast monolayers was performed by two methods:

the conventional tube culture method and isolation by centrifuga-

tion (1000 g for 10 min) in 24-well ¯at-bottomed culture plates.

Foci were detected with MoAb E13 [23] directed against CMV

immediate±early antigens by IF. Active CMV infection was

de®ned when CMV was isolated from a body ¯uid (blood, urine)

or by seroconversion or the presence of CMV-speci®c IgM. Active

infection in an initially seronegative patient was considered a

primary infection. When it occurred in a seropositive patient it

was designated reactivation. CMV infection was considered symp-

tomatic when active infection occurred in association with clinical

symptoms. CMV syndrome was de®ned as a CMV infection

associated with fever of unknown origin of > 38´58C for more

than 5 days, leukopenia of < 2000/mm3, or thrombocytopenia of

< 100 000/mm3.

Qualitative analysis of serum oligoM-Igs

Qualitative analysis of serum immunoglobulin in grafted patients

was performed routinely using four different techniques with distinct

abilities in detecting oligo and monoclonal immunoglobulins.

First, sera were submitted to agarose gel electrophoresis using

Helena's Rapid Electrophoresis Analyser. Second, serum IgGs

were studied using analytical isoelectric focusing (IEF) [24±26].

Brie¯y, IEF was performed on a home-made ultrathin (500 mm)

T4C3 polyacrylamide gel permanently bound to a 1 mm thick glass

plate by using Poly®x 1000 (Serva FeinBiochemica, Heidelberg,

Germany). Gels contained 2 M urea, 3% ampholine pH 3´5±9´5
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(Pharmacia Biotech, Uppsala, Sweden) and 2 mM Lys-Arg-Asp-

Glu (Sigma, St Quentin-Fallavier, France). The anode solution was

1 M H3PO4, and the cathode solution was 1 M NaOH. The gel was

run on a Multiphor electrophoresis system (Pharmacia Biotech).

Neat sera were applied on the anodal side of the gel after a

prefocusing step of 30 min at 10 W and 48C. To assign apparent

pIs to focused bands a protein mixture (Protein test mixture 9;

Serva Feinbiochemica) was run in parallel to the sera. While urea is

known to give apparently higher pI values for the carrier ampho-

lytes, we did not use any correction factors for the reported pI

values. IEF was completed after a 150-min run at 15 W. The proteins

were ®xed in trichloracetic acid (20%) for 30 min, stained in a

coomassie solution (Phast gel Blue R; Pharmacia Biotech) and

destained in a solution of ethanol:acetic acid:distilled water

30:8:62. Third, sera were submitted to a highly resolutive immuno-

electrophoresis run on home-made plates prepared as follows. Ultra-

thin layers of 1´5% agarose gels bound to a Gelbond ®lm (FMC,

Rockland, ME) were obtained after pouring in a preheated mould a

boiling suspension of agarose SeaKem HEEO (FMC) in a barbital

buffer pH 8´6 (Kallestadt, Chaska, MN). The main improvements

consisted of using an ultrathin layer gel (500 mm) with precut troughs,

agarose with high electroendosmosis, high gradient voltage (25 V/

cm) and minute amounts (25 ml) of commercially available poly-

valent antiserum anti-immunoglobulins (g-, a-, m-, k- and l-chain-

speci®c) (Silenus, Hawthorn, Australia). In a ®nal step, sera were

submitted to standard immuno®xation electrophoresis (IFE) using

the Paragon Immuno®xation electrophoresis kit (Beckman Instru-

ments, Fullerton, CA) according to the manufacturer's instructions.

Interpretation of the results

After visual inspection of the electrophoregram, samples were

classi®ed according to the presence of unique or multiple discrete

bands appearing in the a2 to the g zone. Improvements in the

standard procedure of immunoelectrophoresis permitted a reliable

and easy qualitative screening of mini monoclonal IgMs due to an

increased separation and sharpness of the precipitin arcs. In most

cases mini monoclonal IgMs could not be detected by zonal

electrophoresis (concerning IgG interpretation, see legend to

Fig. 1). In order to detect newly developing IgG bands, patient

samples were run in parallel with normal samples. A serum was

classi®ed as normal in IEF when no differences could be demon-

strated between normal sera and the patient's serum. Abnormal

patterns were extremely heterogeneous, ranging from one extra

band localized in any part of the post-albumin region to a great

number of `extra bands' with very close isoelectric points or with

widely varying isoelectric points.

By immuno®xation, the unique or multiple discrete bands

displayed in zonal electrophoresis could be assigned to one

heavy and light chain type of immunoglobulin. Likewise, the

light chain of mini monoclonal IgM detected with immunoelec-

trophoresis could be typed using immuno®xation electrophoresis.

However, some sera displaying no suspicious bands in zonal

electrophoresis, no localized thickening of the IgM arc, but

displaying one or several bands of a rather weak intensity on the

IgG isoelectric spectrum did not happen to reveal oligo/mono-

clonal bands by standard immuno®xation. However, using more

sensitive immunodetection techniques, such as immunoblot [25],

would permit the assignment to IgGs of these extra bands.

Statistical analysis

x2 test was used for statistical comparisons of concurrent EBV/CMV

and non-concurrent EBV/CMV infections for the incidence of

oligoM-Ig (P< 0´05 was taken as statistically signi®cant).

RESULTS

Sera screening for oligoM-Ig

Using the combination of the techniques described above, oligoM-

Igs were found in 21/84 (25%) of patients after allografting

(Table 1). Nine patients had one monoclonal immunoglobulin

typed by IFE (patients 1, 2, 5, 7, 10, 12) or visible on IEF (patients

18, 20, 21) (see Table 1), whereas two or more different oligoM-Igs

were detected in the sera of the others (for an example see patients

11 and 13 in Table 1). Sera shown in Fig. 1, lanes 4, 6, 7, 10, 12 and

13, did not reveal distinct immunoprecipitates of IgG after standard

immuno®xation, while serum shown in lane 9 revealed two

monoclonal IgGs, one of the k type, localized in the cathodal

part of the g zone, and the other one of the l type (patient 17,

Table 1), localized in the middle part of the g zone. Most of these

oligoM-Igs belonged to the IgG class. Sera from four patients

(patients 18±21, see Table 1) exhibited `extra bands' not ®xed by

IFE (Fig. 1: patient 19/lane 10; patient 20/lane 12). Appearance of

oligoM-Igs did not seem to be related to any primary or secondary

infection. Finally, no patient developed immunoproliferative and/or

lymphoproliferative disease within the following 2 years.

Concerning rejection episodes, 20 patients without oligoM-Ig

(32%) experienced at least one rejection crisis and received steroid

pulses or OKT3. Among patients with oligoM-Ig, 15 (71%) had

rejection crises (P< 0´001) and received rejection treatment (nine

patients with steroids and six with OKT3).

Detection of activation of EBV replication

All the tested patients experienced an EBV reactivation. When

considering only the anti-ZEBRA IgG, rates of positivity were

quite similar in the whole cohort and in the subgroup of oligoM-Ig

patients (70% and 71%, respectively). Interestingly, EBV viral

load was detected by PCR in 25% and 27% of patients, respec-

tively. Using these two markers, there were no differences between

the two populations of patients considered. High anti-EA IgG titres

correlated strongly with high anti-ZEBRA IgG absorbances

(A450 > 1´5). When such increases were detected, anti-ZEBRA

IgG and anti-ZEBRA IgM were detectable 44 days and 60 days,

respectively, before an increase in anti-EA IgG titres.

In most cases (55´8%) an anti-ZEBRA IgG was detected just

after transplantation (beginning of follow up). This phenomenon

was also observed for anti-ZEBRA IgM (30´4% positivity rate at

the beginning of follow up). The average delay for EBV DNA

detection was 27´8 days post-transplantation.

When considering EBV alone, no signi®cant correlation was

found between EBV replication and oligoM-Ig appearance

(P > 0´05). When results were dichotomized into high replicative

activity (high titres of anti-ZEBRA antibodies with A450 > 1´5 and/

or anti-ZEBRA IgM) and low/intermediate replicative activity

(A450 < 1´5 and/or without IgM), high level of EBV replication

correlated with oligoM-Ig appearance (P < 0´05).

Active CMV infection

During the 100 days post-transplantation, active CMV infection

occurred in 42 patients (including 34 with CMV isolation from

blood). Fifteen patients in the group without oligoM-Ig received

ganciclovir therapy, and nine patients with oligoM-Ig. Coinciden-

tally, EBV replication and CMV infection were found in 23

Oligo-monoclonal immunoglobulin and herpesviruses 467
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patients. In terms of clinical symptoms, no difference was observed

between singly and doubly infected individuals.

Correlation between EBV reactivation/CMV active infection and

oligoM-Igs

After graft, the 21 patients with oligoM-Igs found included 20

patients with double CMV/EBV infection and one patient (patient

pC) with a disseminated EBV infection with high AZA titres and

positive PCR in serum (Table 1) (Fig. 2a,b, patients gH and cO).

Serum oligoM-Ig was never detected in patients with an active

CMV infection alone. Of 63 patients with complete documentation

over 6 months, 20/23 (86%) concurrent CMV/EBV infections were

associated with serum oligoM-Ig (P< 0´001). In 11 patients with

oligoM-Igs, signs of EBV replication measured by increased titres

of AZA (or EBV DNA in serum) were detected concurrently. In the

10 other cases, increase of AZA antibodies was observed before

CMV isolation or increase of anti-CMV antibodies.

DISCUSSION

Both EBV and CMV are notable for their ubiquity, latency, and

tendency to reactivate in immunosuppressed hosts. Management of

patients infected with these two herpesviruses revealed some

similarities. First, viral persistence is controlled in the immuno-

competent host by an intact cellular immune system. Immunosup-

pressive therapy administered following transplantation may lead

to an uncontrolled viral replication and, consequently, to sympto-

matic or asymptomatic active infection. Second, a patient with no

prior immunity to CMV or EBV before transplantation who

receives an organ harbouring a latent or persistent virus (primary

infection) is at higher risk of uncontrolled replication than a patient

who bene®ts from immunity to CMV or EBV pretransplantation.

Third, these viruses can infect cells involved in the immune

response (monocytes, B lymphocytes) and can lead to immune

subversion and dysregulate the host immune balance [27]. Fourth,

laboratory tests for disseminated infection (viral DNA in blood and
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Fig. 1. Isoelectric focusing spectrotypes of normal and oligo/monoclonal IgGs containing sera. Thanks to the high resolving power of

isoelectric focusing, IgGs appeared in normal sera as more than 30 bands (most often 33) spreading over a 4-cm length from the albumin

fraction to the anode and thus from apparent pH 6´3 to pH 10´35. In normal sera, IgG bands were distributed in seven zones from the anode to

the cathode: zone 1, ®ve bands ranging from apparent pH 6´3 to 6´8 in the post-albumin part of the gel; zone 2, seven distinct bands of various

intensities ranging from apparent pH 6´8 to 7´55; zone 3, eight bands ranging from apparent pH 7´55 to 8´0; zone 4, three bands ranging from

apparent pH 8´0 to 8´45. However, this zone was separated from zone 3 by a blurred narrow region where no bands could be seen in normal

sera. Zone 5, ranging from apparent pH 8´45 to 8´85: no bands in normal sera; zone 6, three bands de®ning two zones ranging from apparent

pH 8´85 to 9´6; zone 7, four or ®ve bands ranging from apparent pH 9´6 to 10´35. Lane 1, apparent pH gradient; lane 22, protein test mixture

ensuring assignment of apparent pIs of focused bands; lanes 2, 3, 5, 8, 11, 14, 17 and 20, normal sera with a normal distribution of the 33 bands

of IgG; lane 4, serum with a normal distribution of IgG bands from zone 1 to zone 6 and with three extra bands in zone 7; lane 6, serum

exhibiting extra bands in zone 3 and a normal distribution of the IgG bands in the other zone; lane 7, serum with one extra band in zones 3, 4

and 7; lane 9, serum with multiple extra bands distributed all over the spectrum but zones 1 and 2 (patient 17); lane 10, one extra band in zones

4 and 7 (patient 19); lane 12, serum with two extra bands in zone 4 and one extra band in zone 7 (patient 20); lane 13, serum with two heavy

extra bands in zone 4 and an increase in the concentration of the normal IgG bands of zones 2 and 3 (see patient 11, Table 1); lanes 15, 16, 18,

19 and 21, as an example these sera exhibit the characteristic patterns of myelomatous monoclonal IgGs focusing into several bands of various

apparent pIs and regularly spaced. This microheterogeneity is attributed to post-translational glycosylation and/or amidation/deamidation.

One must be aware that newly synthesized IgGs occurring in kidney transplant recipients never exhibited such a microheterogeneity. In such

patients, one extra band appearing on isoelecric focusing corresponds to one monoclonal IgG which according to its concentration will (or will

not) be displayed on zone elctrophoresis and typed by immuno®xation electrophoresis (IFE). The coexistence of two or more extra bands in

the IgG region of IEF characterizes the so-called oligoclonal pattern which is constituted with multiple mini monoclonal IgGs.
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Table 1. Oligo-monoclonal immunoglobulins, anti-ZEBRA antibodies, EBV DNA and CMV markers from 21 transplanted patients (patients 1±17 exhibited more than two extra bands except patient 7; patients

18±21 exhibited one extra band except patient 19)

Patient OligoM-Ig (sera) Time after Anti-rZEBRA Anti-ZEBRA CMV viruria/ Anti-CMV IgG CMV status and clinical

no. (IFE)* transplantation IgG IgM EBV DNA CMV viraemia increase Anti-CMV IgM feature (treatment)

1 (pM) IgG k 7 months ÿ �� NT � /ÿ � NT Asymptomatic reactivation �PCP

2 (zL) IgG l 3 months ÿ ÿ � �/� NT � Asymptomatic reactivation

3 (jlC) IgG k� IgG l 4 months ���² ÿ ÿ ÿ/ÿ � ÿ Asymptomatic reactivation

4 (pC) IgG k� IgG l 4 months ��� ÿ � d28³ ÿ/ÿ ÿ ÿ Asymptomatic reactivation

5 (lB) IgG k 1 month ÿ �� � d12 ÿ/ÿ � ÿ Asymptomatic reactivation with nocardiosis

6 (cO) IgM k 6 weeks ��� ÿ � �/� � � Symptomatic primary infection (GCV)

IgG l 9 weeks ��� ÿ �

7 (aL) ÿ 3 weeks �� ÿ 0 � /ÿ ÿ ÿ Symptomatic primary infection (GCV)

IgM k 6 weeks NT NT NT �/� � �

8 (gA) IgM 4 days ��� ��� 0 �/� NT NT Reactivation

IgG k� IgG l 2 months NT NT NT NT � � with viral syndrome (GCV)

9 (gH) IgM l 3 weeks �� �� 0 ÿ/ÿ ÿ ÿ Reactivation with viral syndrome

IgM� IgG l 6 weeks ��� �� 0 �/ÿ � �

10 (lM) IgG l 1 month ÿ �� � �/� � ÿ Asymptomatic reactivation

11 (gV) IgM (hmw§) 8 weeks �� �� 0 ÿ/ÿ � � Symptomatic primary

IgM hmw� IgG k� IgG 11 weeks NT NT NT infection (GCV),

l 13 weeks ÿ ÿ ÿ �PCP, KS

IgM hmw

12 (mC) IgG k 11 weeks ��� ÿ 0 �/� � � Asymptomatic reactivation

IgG k 17 weeks NT NT NT NT � �

13 (jP) IgM� IgG k� IgG l 17 days �� ÿ 0 �/� � � Asymptomatic reactivation

14 (aPB) ÿ 5 weeks ��� �� 0 ÿ/ÿ � � Asymptomatic reactivation

IgG k� IgG l 19 weeks �� ÿ 0 NT NT NT

15 (cZ) ÿ 5 weeks ��� ÿ 0 �/� � � Symptomatic primary infection (GCV)

IgG k� IgG l 16 weeks �� ÿ 0 NT NT NT

16 (mB) ÿ 6 weeks ÿ �� 0 ÿ/ÿ ÿ ÿ Primary infection with viral

IgM k� IgM l 8 weeks ÿ ÿ 0 �/� � � syndrome (GCV)

17 (cG) IgG k� IgGl 11 weeks ! �� � 0 �/� � � Symptomatic primary infection (GCV)

7 months (6 weeks) (6 weeks) (6 weeks)

18 (cM) 1 extra band¶ 8 days ��� �/ÿ ÿ �/ÿ � ÿ Symptomatic primary infection (GCV)

pH 8´7 (IgG)

19 (iA) 2 extra bands 16 months �� ÿ ÿ �/� � � Reactivation with candidosis (GCV)

pH 8´2ÿ10 (NT)

20 (mA) 1 extra band pH 9´6 (NT) 36 days �� ÿ � �/� � � Asymptomatic reactivation

21 (oN) 1 extra band pH 7´2 (NT) 6 months ÿ � � �/ � ÿ Asymptomatic reactivation

NT, Not tested; PCP, Pneumocystis carinii pneumonitis; KS, Kaposi's sarcoma; GCV, ganciclovir.

*IFE, Immuno®xation electrophoresis only considered (patients 1ÿ17).

²���, High antibody titres (A450 > 1´5).

³d28, 28 days post-transplantation.

§hmw, High molecular weight.

¶Isoelectric focusing (IEF) only considered (patients 18±21).



viraemia) allow a careful monitoring of transplanted patients.

Quanti®cation of PCR-ampli®ed viral DNA has been successfully

used to predict the development of PTLD [28,29]. Whereas there is

a well-known association between EBV infection and the inci-

dence of PTLD in immunosuppressed individuals, less is known

about the clinical signi®cance of the EBV replication itself. Such

replication is mediated by two trans-activators, ZEBRA and R

(also called BRLF1). ZEBRA is a key immediate±early transacti-

vator of early EBV lytic expression genes, and is also essential for

activation of the viral DNA origin of replication used for lytic

infection (oriLyt) [30,31]. Thus, ZEBRA plays an essential role in

switching on the lytic replication of EBV in B cells latently

infected with EBV. Transient expression of ZEBRA in latently

infected B cells induces lytic replication of the virus.

We previously used an immunoassay (EIA) to detect IgG and

IgM to the IEA ZEBRA [18] in transplanted patients: both

recombinant protein and ZEBRA-derived peptide were targeted

in the ELISA test and results correlated well with standard

immuno¯uorescence assays as well as with primary versus reacti-

vated infection. The major improvement of the test was due to the

nature of ZEBRAÐimmediate±early proteinÐand consisted of

an early detection of speci®c antibodies, long before conventional

tests, both in secondary and primary infection. Moreover, this was

the ®rst demonstration of EBV reactivation in transplanted patients

using a ZEBRA polypeptide as an antigen. Indeed, the character-

istics of antibody responses to ZEBRA are unique among reactions

to EBV proteins [32]. So far, as found by others, no clinical

symptoms could clearly be associated with the appearance of

serological markers of EBV replication.

About half of the transplant patients had an active CMV

infection. We found a striking coincidence of active CMV infec-

tion and active EBV replication. This interesting observation was

underlined by its relevant association with oligoM-Ig in serum. Of

grafted patients, 40±50% exhibited restriction of immunoglobulin

heterogeneity or monoclonal peaks of serum immunoglobulin

[33,34]. Such serum oligoM-Igs represent monoclones of at least

1 ´ 109 cells of B lymphocyte lineage which apparently proliferate

without adequate suppressive control [33], but the inducing role of

viral agents is questionable. EBV-associated B cell proliferation in

transplanted patients was found to be polyclonal, multiclonal or

oligoclonal, as indicated by the examination of immunoglobulin

heterogeneity restriction [35]. It was shown that conventional

EBV serology was not suf®cient to de®ne a population at risk of

developing lymphomas [36]. Concerning oligoM-Igs, several

investigators tried to ®nd a correlation between herpesviruses

(EBV and/or CMV) and a restricted electrophoretic heterogeneity

of serum immunoglobulins by using more conventional serological

methods for EBV diagnosis (such as IF), but could draw no clear-

cut conclusions about the triggering role of viruses [34,37]. In a

previous report [20] we found that EBV DNA was detected in 73%

and 68% of patients with AIDS-related non-Hodgkin's lymphoma

(ARNHL) and infectious mononucleosis, respectively, and that

high EBV DNA levels in the bloodstream (> 20 000 EBV genome

equivalents/104) demonstrate the high frequency of EBV replica-

tion after renal transplantation, as evidenced by the high anti-

ZEBRA positivity rate. When present, anti-ZEBRA antibodies

(IgG and IgM) were early markers of EBV reactivation and were

detected before anti-EA or anti-VCA IgG antibodies. After trans-

plantation, high EBV replication (high anti-ZEBRA antibody

titres, or anti-ZEBRA IgM) and, in some cases, circulating EBV

DNA, may signal patients at risk for monoclonal gammopathy. In

the future, quanti®cation of EBV DNA in blood (leucocyte or

serum) might be a relevant marker of lymphoproliferative disorders

in such patients.

The coincidence of EBV reactivation and active CMV infec-

tion frequently leads to the expansion of B cell clones and to the

detection of serum oligoM-Igs. If these two herpesviruses seemed

to be closely associated in most of the patients investigated, this

association did not systematically lead to the phenomenon. Other

investigators found no correlation between concurrent CMV/EBV

infection and clinical symptoms, except rejection episodes [38],

proving that in most cases oligoM-Igs were not related to a speci®c

symptomatology. However, it was demonstrated recently that the

role of CMV disease was relevant in the development of PTLD in

primary EBV infection after liver transplantation [39]. Interest-

ingly, we already observed lower CD4� T cell counts and

decreased proliferative T cell responses to mitogens in patients

with oligoM-Igs, compared with other transplanted patients without

oligoM-Ig [40].
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Fig. 2. (a,b) Concurrent EBV replication and active CMV infection,

oligoM-Ig development in two followed up patients
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In our series of patients, although the basal immunosuppressive

treatment was the same, more patients with oligoM-Igs experi-

enced acute rejection during the period of follow up. The reinforce-

ment of immunosuppression in such patients obviously did alter

T cell responses and the control of the viral burden and could lead

to opportunistic diseases. After rejection therapy, two patients

presented with Pneumocystis carinii infection; one of them, with-

out oligoM-Ig, died as a consequence, and another one with

oligoM-Ig presented with Kaposi's sarcoma (patients pM and gV

in Table 1).

The mechanisms by which both activation of EBV replication

and CMV infection promote the expansion of B cells warrant

further study. ZEBRA antigen has been previously detected in B

lymphocytes by immunostaining and this detection was con®rmed

in a transplanted patient 1 month after grafting [41]. One can

imagine that ZEBRA expression in B lymphocytes induces tran-

scription of cellular genes by itself or in synergy with cytokines.

CMV is known to induce transcription and secretion of transform-

ing growth factor-beta (TGF-b) [42]. The immunosuppressive

effect of CMV may help the pathogenic chain of events leading

to the appearance of oligoM-Ig. Other clinical situations are

associated with detection of anti-ZEBRA antibodies, the most

prominent diseases being nasopharyngeal carcinoma (NPC) [43]

and EBV� Hodgkin's disease [44]. This suggests that tumorogen-

esis could involve reactivation of EBV. ZEBRA is a DNA-binding

transcription factor of the bZIP family and is related to the AP-1

family of transcription factors [45]. It binds speci®cally as a

homodimer to a DNA sequence motif called ZRE. It was recently

found that ZEBRA also activates transcription in transiently

transfected mammalian cells via a consensus binding site located

in the IgH (immunoglobulin heavy chain) intron enhancer [46]. We

may thus speculate that sustained ZEBRA expression in B cells

following iatrogenic immunosuppression could in¯uence IgH

expression in EBV-infected B lymphocytes. The proliferation of

immunoglobulin-secreting clones might occur after active CMV

infection through a transient over-immunosuppression through

induction of cytokines (TGF-b) or via immune subversion.
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