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Markedly Elevated Serum IgE Levels Following Allogeneic and
Syngeneic Bone Marrow Transplantation

By OlIe Ringd#{233}n, Ulla Persson, S.G.O. Johansson, Henryk Wilczek, G#{246}staGahrton, Carl-Gustav Groth, G#{246}ranLundgren,

Bent L#{246}nnqvist, and Erna M#{246}ller

Serum IgE levels were studied in 25 bone marrow trans-

plant recipients (in 1 2 patients twice weekly and in 13

patients. at random). A 2-748-fold increase in serum IgE

was recorded in 20 of the 25 patients after transplantation.

the highest IgE value observed being 8.000 kU/liter. The

IgE elevation appeared concomitantly with acute graft-

versus-host disease (GVHD) in 14 patients. Both events

occurred on day 24 ± 2 (mean ± SE). When the acute

GVHD was diagnosed. there was a significant increase in

serum IgE as compared to the first posttransplantation

G RA FT-VERSUS-HOST disease (GVHD) repne-

sents one of the major obstacles to successful

allogeneic bone marrow transplantation. The acute

form, which appears during the first 2 mo after tnans-

plantation, develops in approximately 70% of the

recipients of marrow from HLA-matched siblings.’

The disease mainly affects the skin, gut, and liven and

is diagnosed on the basis of findings in tissue biopsies.

Patients with GVHD have an increased mortality in

infections,2’3 which may be caused by a slower immu-

nologic recovery compared to patients without

GVHD.45 However, more than 6 mo after transplanta-

tion, patients with GVHD were reported to have

significantly higher than normal IgG levels.4 Further-

more, in vitro stimulation of lymphocytes with poly-

clonal B-cell activators resulted in a transient mark-

edly increased polyclonal IgG secretion in patients

with acute GVHD.6 Recently, Geha et al. found an

elevation in serum IgE levels following allogeneic bone

marrow transplantation,7 and in half of the patients,

the rise accompanied acute GVHD. In patients treated

with rabbit antithymocyte serum, the rise in IgE was

paralleled by a strongly positive radioallergosonbent

(RAST) assay to rabbit serum protein. We have

studied senum IgE levels in 25 bone marrow recipients
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value. In one patient in whom GVHD recurred. a second IgE

peak was seen. and in another patient with flaring GVHD.

lgE levels increased on several occasions. In 6 patients

without clinical signs of GVHD. a rise in IgE occurred on day

35 ± 1 2. One of these patients was grafted with marrow

from her identical twin. The rise in IgE did not correlate

with an elevated proportion of eosinophil granulocytes. In

the majority of the patients. no correspondent increases in

serum IgG. IgA. or lgM were seen during the period with

increased IgE after transplantation.

not given prophylactic antithymocyte serum and have

found elevated IgE levels in most of them.

Patients

MATERIALS AND METHODS

Twenty-five marrow transplant recipients were included in the

analysis. Three patients had aplastic anemia (AA), I I had acute

nonlymphoblastic leukemia (ANL) in first remission, I had ANL in

second remission, I ALL patient was in his third remission, and 2

patients had chronic myelogenous leukemia (CML) in the chronic

phase. Table I lists age, sex, diagnosis, remission status before

transplantation, and survival. Also listed are severity ofGVHD seen

in 17 patients, the day when GVHD appeared, and some serum IgE

data.

Treatment

All donors were siblings. Patient 130 was transplanted with

marrow from an identical twin. Patient Ll6 received marrow from

his HLA-A, B, C-identical but D-nonidentical sister. HLA-DR

typing showed that the recipient had DR2, which the donor did not

have, and that mixed lymphocyte cultures were mutually reactive.

All other recipient/donor pairs were HLA-identical. Treatment has

previously been described in detail.8 In brief, patients with AA were

conditioned with 50 mg/kg cyclophosphamide on each of 4 succes-

sive days. Patients with leukemia received 60 mg/kg cyclophos-

phamide on each of 2 successive days, followed by I 0 Gy delivered by

a linear accelerator. The lungs were shielded to receive no more than

9 Gy. All patients received several transfusions during the first

weeks after transplantation. The blood products were irradiated with

15 Gy.

Patient L33 received cyclosporin-A, 12 mg/kg/day orally, for

prophylaxis of GVHD. The other patients were given intermittent

methotrexate for the first I 00 days after marrow-grafting, using the

Seattle protocol.9 Ifclinical signs ofacute GVHD appeared, prednis-

olone was introduced in doses of 2 mg/kg/day during the first week;

then the dose was tapered. IfGVHD recurred in an acute form, some

patients also received iv. methylprednisolone. One of the patients

(122) with severe GVHD was also treated with rabbit antithymo-

cyte globulin (RATG), thoracic duct drainage, and azathioprine

(see Fig. 2).

Determination ofSerum Immunoglobulin Levels

Serum IgE levels were determined by a sandwich-type radioim-

munoassay (RIA), using the commercially available reagents, Phad-
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TabI e 1 . Clinical Features an d IgE Data

GVHD igE

increase Max

Pat,ent Diagnosed Observed Post-txt Level Fold Survival

Number Age/Sex Diagnosas Grvdet Day on Day Level (kU/Liter) increase mo)

A4� 12/F AA ii.Chronic 18 20 3 1 1 3 .31

L2 30/M AML 1 � I 21 27 15 1,475 98 >28

A5 24/M AA iChronic 20 20 10 215 21 >27

L3 43/F AML 1 Chronic 27� - 4 - >24

L4 8/M EL 1 I 34 32 < 1 455 >455 >23

L5 17/M APML 1 iii,Chronic 4611 - 7 - - .22

L6 16/F AML 1 0 - - 7 - - -20

A7 8/M AA i 6 - 7 - - . 19

L8 3/F AML I i 22 27 18 69 4 .18

L9 3/F AMOL 1 I 1 8 3 1 1 2 109 9 Relapse Died 10

Lii 16/M AML2 i 26 26 4 70 18 .16

L12 13/M ALL2 i 32 27 �1 748 >748 PulmFibros.sDied8

L16 6/M ALL2 0 - 91 35 324 9 >14

L21 28/F AMML 1 i 17 20 23 98 4 >9

L22 23/M AMOL 1 IV 34 27 20 64 3 Pneumonia Died 4

L23 14/M AML 1 i 24 20 8 345 43 .8

L24 24/M CML ii,Chronic 31 25 40 3200 80 -8

L25 9/F ALL2 0 - 17 10 100 10 .7

L26 17/M ALL2 0 - 34 27 62 2 Pneumon.aD,ed6

L27 38/M APML 1 0 - 30 40 250 6 >6

L28 10/M T-ALL2 iii 22 16 <2 27 .14 >5

L29 18/M T-ALL 2 0 - - 14 - - Relapse Died 2

L30’ 12/F CML 0 - 16 16 8.000 498 >4

L32 23/M ALL 3 0 - 21 6 20 3 .2

L33 4/F ALL 2 i 10 13 6 150 25 .2

#{149}AA,aplastic anemia; AML. acute myelogenous leukemia; EL, erythroleukemia; APML. acute promyelocytic leukemia; AMoL, acute monocytic

leukemia; ALL. acute lymphoblastic leukemia; AMML, acute myelomonocytic leukemia; CML. chronic myelogenous leukemia in chronic phase; T-ALL,

T-cell leukemia.

tUsing Seattle criteria.

:ttx, Transplantation, mean value before increase.

§Patients A4 through L 1 6 were tested at random (from 2 to 1 1 times), patients L2 1 -L33 were tested twice weekly (see Materials and Methods).

�� Remission status.

IlNot tested during acute GVHD.

#{149}eTwindonor.

ebas IgE PRIST (Pharmacia, Uppsala, Sweden). Sera were stored

in a deep-freezer at - 20#{176}C.In I 3 patients, serum IgE was deter-

mined in 2-I I samples (6 ± I, mean ± SE) taken at random. These

determinations were made regularly in 12 patients (with a few

exceptions) twice a week during the first 6-10 wk after transplanta-

tion and then less frequently (from I 3 to 3 1 times, mean 21 ± 2)
(Table I ). Furthermore, 16 sera from I 4 donors were included in the

study. Serum samples from one patient treated with RATG were

reexamined for lgE levels, using PRIST with the addition of normal

rabbit gammaglobulin (RGG) to patient and reference samples up

to a level of 1 mg/mI. lgG antibodies to rabbit gammaglobulin were

detected by an RIA based on 251-labeled RGG, as was previously

described for bovine �

In all patients, serum immunoglobulins (IgG, lgA, 1gM) were

determined quantitatively, with a few exceptions, once a week from 4

to I I wk, using radial immune diffusion. lgG, IgA, and 1gM levels

were also determined retrospectively by nephelometry in sera from 5
patients with increased IgE levels. Differential white cell counts

were determined once or twice weekly.

RESULTS

Increased Serum IgE After Transplantation

Before transplantation, the patients had mean ± SE

serum IgE levels of 10 ± 2 kU/liter, compared to 28 ±

9 in the donors. After bone marrow transplantation,

serum IgE levels increased 2-748-fold ( 103 ± 47-fold)

compared to baseline levels after transplantation. Ele-

vations in serum IgE were seen in 20 of the patients.

This increase was noted from day I 3 to day 34 after

transplantation in 1 1 patients who were followed twice

weekly. In these patients, the IgE elevation lasted

between 7 and 52 days (mean 23 ± 5).

IgE Elevation Occurs Concomitantly With Acute

GVHD

In 14 patients with acute GVHD, the increase in

serum IgE appeared concomitantly with acute GVHD.

Both events occurred on day 24 ± 2 after transplanta-

tion (Table 1). Signs of acute GVHD appeared from

day 10 to day 34 after transplantation. In these

patients, the IgE elevation was seen from day 1 2 to day

32. In patients with acute GVHD, the first IgE value

determined after transplantation was compared to the

IgE value taken closest to diagnosis of acute GVHD in

10 patients followed frequently enough to allow analy-

sis. The increase in IgE occurring at the diagnosis of

acute GVHD was significant (p < 0.01 using Wil-

coxon matched-pains signed-rank test and p = 2.6 x

106 using paired t test of log IgE values). A typical
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Fig. 2. Serum IgE. bilirubin. clinical course. and
treatment of severe acute GVHD in a 23-yr-old male
transplanted for acute monocytic leukemia. Elevated
serum IgE values occurred when acute GVHD
appeared and reappeared.
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Fig. 1 . Serum IgE. S-ALAT (serum-ala-
nine-aminotransferase. liver enzyme). clini-

cal course. and treatment of acute GVHD in
SKIN RASH a 28-yr-old female transplanted for acute

Transplantation L#{149}_�__ I myelomonocytic leukemia. A typical course
‘I, , Skin biopsy ‘ p showing elevated serum IgE values during

GVHD Days

a io 2b 30 40 50 60 acute GVHD.

course is shown in Fig. 1 . A 28-yr-old female with

AN L (L2l ) developed a skin rash on day 17 after

transplantation. A skin biopsy on day 1 8 showed acute

GVHD, and pnednisolone treatment was instituted on

day 19. The nash disappeared on day 24. On day 20

there was a fourfold increase in serum IgE levels to 98

kU/liter.

In patient L22, a second peak ofelevated IgE values

occurred when the acute GVI-ID reappeared and

became worse. The clinical course of this patient, a

23-yr-old male with acute monocytic leukemia, is

shown in Fig. 2. Because of the rise in bilinubin, the

appearance of diarrhea, and skin rash, prednisolone

was instituted on day 34. Previously taken liver and

skin biopsies showed no characteristic findings. The

skin rash disappeared, but reappeared on day 41 when

the skin biopsy showed signs of GVHD. The skin

condition became worse and RATG was added on day

52 and given for 6 days. The skin condition improved

and remained stable for some time, but the skin
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GVHD flared up again on day 89. Thonacic duct

drainage was started; i.v. methylprednisolone, RATG,

and azathiopnine were given. In spite.of all immuno-

suppressive treatment, the skin rash became worse,

and bilinubin and liver enzymes increased. The patient

died of bronchopneumonia 1 16 days after tnansplanta-

tion. The two peaks of IgE appeared concomitantly

with active acute GVHD. During the second IgE peak,

the patient’s serum contained small amounts of anti-

rabbit IgG antibodies, which did not interfere with the

measurement of IgE.

Patient L28 had persistent GVHD of the skin and

gut, and IgE levels were therefore followed for a

prolonged period (Fig. 3). Prednisolone was instituted

on day 23. His serum IgE levels increased sixfold on

day 17, with a maximal 14-fold elevation on day 28.

His GVHD was stable for some weeks, but then

became worse. Methylprednisolone was given i.v. for 3

days from day 60. This patient had a fivefold IgE rise

on day 63, compared to previous IgE levels. The

patient continued to have gut problems, and from day

88, he was treated with cyclosponin-A. His IgE levels

were unstable, and on 3 occasions elevated IgE levels

had appeared when GVHD flared up. He died 7 mo

after transplantation of bleeding associated with severe

GVHD.

Elevated IgE in Patients Without G VHD

The level of IgE also increased in 6 patients without

clinical signs of acute GVHD. The IgE increased 88 ±

82-fold in these patients. In 14 patients who developed

acute GVHD, the IgE increased 109 ± 58-fold (Table

I ). In the patients without GVHD, elevation of IgE

values was observed on day 35 ± 12 (range days

16-91). In patient L30 with CML, who was a recipient

of a twin-transplant, the increase in serum IgE started

on day 16. Her maximum IgE value was 8,000 kU/

liter, determined on day 30.

No Correlation Between Eosinophil Counts or

“Take” and IgE Levels

After transplantation, an increased proportion of

eosinophils in the white cell differential count (>4%)

was seen on 10 occasions in 9 patients. On 5 occasions,

this increase occurred during acute GVHD and on 5

occasions it did not. In patient L30 with an identical

twin donor, increased eosinophil counts appeared con-

comitantly with elevated IgE levels. In the other 19

patients with increased IgE levels, no correlation

between a rise in the proportion of eosinophil granulo-

cytes and the elevation of IgE was seen. The day of

engraftment or “take,” defined as a stable leukocyte

level above 0.2 x I0� cells/liter after the posttrans-

plantation nadir, was not correlated with IgE eleva-

tion.

IgG, IgA, and 1gM Values After Transplantation

In most patients, an increase (> I 00%) in one on

more of these immunoglobulin (Ig) classes occurred

during the first weeks after transplantation. These

increases sometimes occurred during the IgE eleva-

tion, but in most patients, the increase in other Ig

 For personal use only. at TOR VERGATA on May 29, 2008. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


1 194 RINGDEN ET AL.

classes was less than 100%. Furthermore, with very

few exceptions, the values did not exceed the upper

limit ( + 2 SD) of the normal range. In one patient with

GVHD, a gradual decrease in IgA and 1gM was

observed. Thus, the changes in lgG, IgA, and 1gM did

not form any consistent pattern, and there was no

obvious correlation between the changes observed in

the various Ig classes.

DISCUSSION

In most patients studied following bone marrow

transplantation, we found a marked increase in IgE

levels, as previously reported by Geha et al.7 They

reported that a significant part ofthe lgE response was

due to specific antibodies to rabbit serum proteins,

since patients treated with rabbit antithymocyte serum

developed a positive RAST to rabbit serum. However,

the anti-IgE used in the RAST test is of rabbit origin

and we believe that the presence of antibodies directed

against rabbit gammaglobulin may give false positive

RAST test to rabbit senum. One ofour patients (L22)

was treated with RATG and developed a small amount

of IgG antibodies directed against rabbit gammaglob-

ulin. However, the presence of these antibodies did not

significantly affect the measurement of total IgE.

It has not yet been determined whether the IgE-

producing B cells are of host or donor origin. A

previous study of IgG allotypes in bone marrow trans-

plant recipients showed that all immunoglobulins were

of donor origin, from 4 to 12 mo after transplanta-

tion.” The IgE increase generally appeared during the

first month. Since no allotypes have yet been discov-

ened for IgE in humans, no conclusion can be drawn at

present.

Markedly increased IgE levels have been reported in

atopy, parasitic infections, and various diseases asso-

ciated with deficient T-cell function.’2 Bone marrow

transplant recipients are susceptible to infections, but

we found no correlation between IgE elevation and

bacterial infections (Ringd#{233}n, unpublished observa-

tions).

We can only speculate about the mechanisms

underlying the increase in IgE concentrations. Anti-

genic stimulation may lead to an increase in the total

IgE level.’3 In our patients, minor transplantation

antigens or cell surface components modulated by

virus may have served as stimulating determinants.’4

Foreign histocompatibility antigens present on leuko-

cytes contained in transfused blood are other possible

sources of stimulating determinants. The finding of

IgE antibodies in the patient who received marrow

from hen monozygous twin may be explained by the

latter possibilities. The magnitude of the IgE response

was extremely high in some patients, indicating a

polyclonal activation induced by an unknown stimu-

lus.

Cells with helper and suppressive functions play a

vital role in the regulation of antigen-induced IgE

responses.’5 Therefore, the increase in lgE levels in

bone-mannow-transplanted patients may be due to

disturbance of the regulatory functions. Prior to trans-

plantation, the patients are treated with cytotoxic

drugs, with or without total body irradiation. This

treatment has been shown to lead to an enhanced

antigen-induced lgE response in mice and rats, which

is probably due to the loss of radiosensitive suppressive

T cells.’6 ‘� Another possibility is a delayed maturation

of regulatory T cells from precursors in the bone

marrow graft. In most patients, regardless of the

immunosuppressive treatment of acute GVHD, the

increase in IgE was followed by a rapid decrease,

indicating a rapid turn-off of activated B cells. The

half-life of serum IgE has been estimated earlier at 2.7

days. ‘�

Reinherz et al. have reported that bone-marrow-

transplanted patients subjected to acute GVHD lack

TH� cells in peripheral blood,20 a subpopulation of T

lymphocytes containing cells with cytotoxic and sup-

pressive functions.2’ However, in other extended stud-

ies using monoclonal antibodies for the characteniza-

tion ofT subsets, the proportion ofT8� or Leu-2� cells

(containing suppressor/cytotoxic T cells) were normal

or high and the proportion of helper/inducer cells was

low early after transplantation, regardless of acute

GVI-ID.2225 Obviously, the increase in IgE levels
occurred duning a period with decreased helpen/

inducer I cells in the blood. These findings are not

contradictory, since T-cell subsets in the blood may not

be representative of T cells in all lymphoid organs.

Furthermore, it is unknown at present if these surface

markers define T cells involved in the regulation of

IgE.

It seems that most bone marrow transplant recip-

ients who are observed frequently and long enough

have a period of elevated IgE, regardless of clinical

GVHD. In any case, in patients with GVHD, the

timing of this elevation and acute GVHD is signifi-

cant.
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