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Deficient nuclear segmentation and abnormal chromatin condensation define Pelger-
Huët anomaly of polymorphonuclear neutrophils. Next to the hereditary irreversible form,
acquired forms both reversible and irreversible have been described. We describe three
transplant patients who were all investigated for a left shift in the absence of symptoms
or signs of infection and in whom acquired reversible Pelger-Huët anomaly was discov-
ered. The abnormal PMN phenotype was induced by mycophenolate mofetil (MMF). MMF
is a necessary but not sufficient condition for the development of the anomaly. In our
three patients a dose–response effect was observed regarding plasma MMF concentra-
tion and severity of neutrophil dysplasia. Except for one slightly elevated value, the
patients’ plasma MMF levels were within the therapeutic range. None of the patients, one
who was neutropenic at presentation and two who were non-neutropenic, developed
infectious complications. From our three cases as well as those of other authors, we
identify previous graft rejection episodes as a potential predisposing factor for the de-
velopment of PHA. In the first patient, drug withdrawal led to normalization of PMN
morphology. In the other two patients, the left shift disappeared after dose reduction.
In these latter two patients, a form of desensitization to the effect of MMF on neutro-
phils was observed following re-augmentation of MMF dose. Am. J. Hematol. 73:244–248,
2003. © 2003 Wiley-Liss, Inc.
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INTRODUCTION

Two Dutch physicians, Pelger and Huët, first de-
scribed deficient nuclear segmentation of polymorpho-
nuclear neutrophils (PMN) in association with abnormal
chromatin condensation in 1928 and 1931 as a hereditary
anomaly [1,2]. Incidence of the heterozygous form is
approximately 1:2,000 to 1:5,000 in Europe, with re-
gional variations. The distribution of the anomaly is
worldwide. Inheritance is autosomal intermediary; i.e.,
the heterozygous phenotype differs from the wild type as
well as from its homozygous counterpart. The segmen-
tation defect characteristic of Pelger-Huët anomaly
(PHA) leads to abnormal PMN with mostly round and
some oval nuclei in the homozygous form and abnormal
PMN with mainly hypolobulated (oval and bilobed) nu-
clei in the heterozygous form. In contrast to the altered

nuclear maturation, the cytoplasmatic maturation of these
cells proceeds normally. The result is a polymorpho-
nuclear neutrophil with a round or oval nucleus and nor-
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mal cytoplasmatic features. Mutations of the lamin B
receptor, a receptor located on the inner nuclear mem-
brane and which binds heterochromatin and lamins, have
been shown to be associated with the familial form of
PHA [3].

Acquired forms of PHA have been described. They
can be classified as reversible or irreversible and may
present as hetero- or homozygous phenotypes or pheno-
copies. Acquired PHA is mainly known as a feature of
myelodysplasia, but it has also been described with other
hematologic disorders such as myeloproliferative and
lymphoproliferative syndromes as well as acute leuke-
mias [for reviews see 4 and 5]. Acquired PHA has also
been reported to occur with different infectious dis-
orders [1,6–8], following bone marrow transplantation
[9–11], as well as in association with various medications
[11–21].

Banerjee et al. have previously described two trans-
plant patients who presented neutrophil dysplasia, which
preceded the development of neutropenia in association
with MMF [22]. In three patients with the same neutro-
phil dysplasia, we show that this dysplasia corresponds to
acquired Pelger-Huët anomaly, define diagnostic criteria
for this adverse drug effect, show a dose–response rela-
tionship, introduce a parameter permitting the quantifi-
cation of severity (the modified segmentation index),
and, for two of our patients, describe a form of desensi-
tization to the dysplastic effect of the drug following dose
diminution and subsequent re-augmentation.

PATIENTS AND METHODS

Three patients, two male and one female, 47, 64, and
71 years of age, received a liver transplant, a combined
kidney/pancreas transplant, and a kidney transplant be-
cause of hepatitis C-induced cirrhosis, type I diabetes-

induced complications, and terminal renal insufficiency
due to polycystic kidney disease, respectively. Within the
first month after their transplantation, all had suffered
from acute graft rejection that responded to standard
treatment.

Four, 5, and 8 months after their respective operations,
they presented a left shift on their peripheral blood
smears. At this time none of the patients was suffering
from rejection reactions and none presented any signs or
symptoms of an ongoing infection. Transaminases, alka-
line phosphatase, and bilirubin were within normal limits
at presentation in all three patients. Protein levels in pa-
tients 1 and 2 (62 and 64 g/l, normal range 61–79 g/l) and
albumin levels in patients 2 and 3 (38 g/l and 40 g/l,
normal range 35–48 g/l) were normal. Creatinine values
were normal in patient 1, slightly elevated in patient 2
(95 �mol/l, normal range 35–88 �mol/l), and moderately
elevated in patient 3 (160 �mol/l, normal range 62–106
�mol/l). The immunosuppressive regimen of the three
patients at the time of presentation was composed of
FK506 (tacrolimus), mycophenolate mofetil, and predni-
sone (see Table I). Other prescribed medications in-
cluded insulin (patients 1–3), enalapril (patient 1), felo-
dipine (patient 1), nifedipine (patient 2), clonidine
(patient 2), omeprazole (all patients), cisapride (patient
2), citalopram (patient 1), lamivudine (patient 1), flu-
conazole (patients 2 and 3), sulfadoxine/pyrimethamine
(patients 2 and 3), erythropoietin (patient 2), torasemide
(patient 3), allopurinol (patient 3), and simvastatin (pa-
tient 3).

We relied on the presence of three phenotypic criteria
for the diagnosis of PHA: abnormal nuclear segmenta-
tion of PMN (presence of left shift and an abnormal
modified segmentation index [mSI]); abnormal chroma-
tin condensation (lumpy chromatin, no nucleoli); pres-
ence of cytoplasmatic features of maturation (secondary

TABLE I. Patients’ Medications, Hemograms, and Assessment of Nuclear Segmentation

Medication Hemogram Assessment of nuclear segmentation

mSITime MMF Pred FK506 WBC NSeg Seg 0 1 2 3 4 5 6

Case 1 6.75 2 12.5 4 2.7 34 16 26 61.5 12 0.5 0 0 0 0.87
8.50 0 10 2 6.8 1* 68 1.5 3 21 37 29.5 7.5 0.50 3.15

Case 2 6.75 1 10 5 4.1 33 30 4 55.5 29 7.5 3 1 0 1.53
7.50 0.5 10/7.5 5 4.0 5 64 0 17.5 39.5 30 11.5 1.5 0 2.40
9.25 1 7.5 6 5.7 5.5 59 0 15.5 38 26.5 17 3 0 2.54

13.00 1 4 7 3.6 2.5 65 0 6.5 24.5 38.5 27 3 0.5 2.97
Case 3 6.25 1.5 7.5 5 7.7 26 43 6 35 30.5 17.5 7.5 3.5 0 1.96

6.75 1 7.5 5 8.0 14 65 6 23.5 38 12.5 12.5 6 1.5 2.26
7.00 0.5 7.5 5 6.1 15 61 4 18.5 30 15 20.5 11 1 2.67

11.00 1 7.5 5 6.7 0.5a 75 0.5 1.5 5 18.5 37 27 13b 4.18

*Abbreviations and units: time, months post-transplantation; mycophenolate mofetil (MMF), g/day; prednisone (Pred), mg/day; FK506, mg/day; white
blood cells (WBC), ×109/l; non-segmented PMN (NSeg), %; segmented PMN (Seg), %; modified segmentation index (mSI), nihil.
a0.5% myelocytes.
bPlus 3 PMN with 7 and 1 PMN with 8 segments
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granules, staining). Inherited PHA was excluded in our
patients as they all have had a normal peripheral blood
smear at one point in time.

Pelger-Huët cells were distinguished from other circu-
lating cells with round nuclei by their morphological
characteristics: variable medium-to-low nucleocytoplas-
matic ratio, mottled chromatin, absence of nucleoli, pale
cytoplasm, presence of secondary neutrophilic granules.
They differ from myelocytes that have a similar or larger
nucleocyotplasmatic ratio, often have a nucleolus, have a
more stainable pink or lilac cytoplasm, and contain more
primary azurophilic granules. There are two other cell
types with a similar nucleocytoplasmatic ratio as homo-
zygous Pelger-Huët cells: large granular lymphocytes
and plasma cells. The former have a relatively finer chro-
matin structure, sometimes nucleoli, more basophilic cy-
toplasm, and contain some rare azurophilic granules. The
latter are easily identified by their more basophilic cyto-
plasm with the prominent Golgi zone and the absence of
granulation.

Nuclear segmentation in PMN was defined by the 1⁄3
method, according to which any indentation which is
>2⁄3 of the transverse nuclear diameter was regarded as
significant. Hence a PMN with one significant indenta-
tion has two segments, a PMN with two significant in-
dentations has three segments, etc. We evaluated 200
nuclei of PMN regarding segmentation. The segmenta-
tion index (SI), also known as the average lobe index,
was calculated by adding the total number of segments
per 100 PMN [23]. We introduce a modified SI (mSI)
where round nuclei (minimal diameter > 1⁄2 maximal di-
ameter) are considered to have zero segments and oval
nuclei one segment. This modification permits a differ-
entiation of homozygous (mSI < 1) and heterozygous
phenotypes (mSI � 1). These cut-off values were defined
following analysis of publications describing cases of
homozygous Pelger-Huët patients [24–28]. In normal
propositi the mSI is 2.97 [23,29]. Left shift was evaluated
on peripheral blood smears by counting 200 leukocytes
and was defined by more than 5% of leucocytes being
PMN with less than two segments.

Plasmatic drug levels were measured using an en-
zyme-mediated immune transfer (EMIT) assay (Dade
Behring, San Jose, CA) by the Central Laboratory for
Clinical Chemistry at the Geneva University Hospital.
The therapeutic plasma concentration of mycophenolaic
acid (MPA), the active metabolite of MMF, is considered
to be 3–7 mg/l.

RESULTS

Using WHO criteria for the diagnosis and classifica-
tion of adverse drug reactions [30], the type of reaction
we describe can be characterized as being dose related

and time related, and its causality can be evaluated as
probable.

The first patient presented a phenotype correspond-
ing to the homozygous form of the inherited disorder
(mSI < 1: more than 96% of PMN were round or non-
segmented), whereas the other two presented with a het-
erozygous phenotype [23].

PMN morphology normalized after drug withdrawal in
the first patient (Fig. 1). In the other two, in whom MMF
treatment was considered essential for graft survival, the
left shift disappeared after dose reduction.

Figure 2 illustrates a dose–response relationship be-
tween plasma MPA concentration [MPA] and mSI. Ta-
ble I illustrates the immunosuppressive regimen, the as-
sociated hematological changes and analysis of nuclear
segmentation for the three patients.

DISCUSSION

Acquired “neutrophil dysplasia” due to MMF has pre-
viously been described by Banerjee et al. [22]. They
describe the morphologic variant in two transplant pa-
tients in whom the dysplasia disappears following drug
discontinuation. We identify the dysplasia in our three
patients as being acquired and reversible Pelger-Huët
anomaly. This a significant adverse drug effect in the
sense that it led to additional investigations in all three
patients and prolonged hospitalization in one of them.

The underlying mechanism how MMF leads to the
altered neutrophil phenotype is unknown. Once absorbed
the prodrug MMF is rapidly converted by esterases to
mycophenolic acid (MPA), which is the active metabo-
lite. MPA is subsequently glucuronidated to the inactive
mycophenolic acid glucuronide (MPAG) by UDP-
glucuronyl transferases and excreted primarily in the
urine [31,32]. MPAG also undergoes enterohepatic recy-
cling via the bile. The three patients had normal plas-
matic drug levels and normal protein and/or albumin lev-
els (MPA binds avidly to albumin, free MPA is
biologically active) at the time of presentation. Systemic
MPA accumulation seems an unlikely explanation. Local
MPA accumulation for instance due to tissue specific
metabolism is an interesting hypothesis. In fact different
UDP-glucuronyl transferase isoenzymes have been de-
scribed in different tissues (liver, intestine, stomach, kid-
ney) [31]. Individually varying therapeutic and toxic
ranges for MMF are alternative explanations.

All of our patients received FK506 (tacrolimus) that
has recently been described to induce PHA [11]. In our
three cases PHA phenotype disappeared and/or the mSI
increased despite the same or even increased FK506
doses (see Table I). Hence it cannot be made responsible
for the altered PMN phenotype in our three patients. No
other reported cause of acquired PHA could be identi-
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fied. Management consisted of MMF withdrawal in the
first and dose reduction in the other two cases.

An intriguing question remains why some patients de-
velop PHA, whereas most patients treated with MMF do
not. In affected patients MMF appears to be a necessary
condition without being sufficient. The only common
event we could find in the reports of Banerjee et al. and

Gondo et al. is that all patients at one time suffered graft
rejection. All our patients suffered graft rejection as well
but these episodes preceded the development of PHA by
6 months or more and no signs of rejection were noted
upon presentation of PHA. There is preliminary evidence
in animals, however, that graft rejection can acutely alter
UDP-glucuronyl transferase activity at a tissular level
[33]. Whether such changes could lead to acquired PHA
remains to be seen. Other factors that may predispose
patients to develop PHA might be genetic predisposition
(polymorphism in enzymes responsible for drug metabo-
lism or drug action), immunosuppression per se, and the
transplantation context. Two of our patients presented
some form of renal insufficiency but no correlation could
be shown between the morphologic alterations and the
evolution of the plasma creatinine levels.

In patients 2 and 3, development of some form of
desensitization is suspected (Fig. 2): 5–6 months after the
initial dose reduction and 3–4 months following subse-
quent increases in dosage, the patients showed only very
subtle morphological alterations in the absence of a left
shift or decreased mSI, despite MMF concentrations that
were previously associated with PHA.

As none of the patients suffered infectious complica-
tions throughout the period that they presented the al-
tered PMN phenotype, there are no arguments speaking
in favor of diminished PMN function. In view of the
leuko- and neutropenia which patient 1 presented ini-
tially, an increased infectious risk cannot be ruled out in
the most severe forms of MMF induced PHA. Both PHA
cases described by Banerjee et al. were associated with
discrete neutropenia [22].

PMN segmentation and chromatin condensation are
mediated by processes such as filament formation

Fig. 1. Neutrophils of case 1 with (from top to bottom) 0, 1,
2, 3, 4, and 5 segments (Wright’s stain, original magnifica-
tion 50×). The upper three pictures were taken when the
patient received MMF, the lower three after drug withdrawal.

Fig. 2. PMN segmentation abnormalities due to MMF: the
modified segmentation index (mSI; value in healthy con-
trols: 3.0) is depicted as a function of MPA plasma concen-
tration [MPA] in mg/l (therapeutic range: 3–7 mg/l). “Habitu-
ation” to MMF developed after 5–6 months in patients 2 and
3. These two values (13 and 11 months post-transplantation,
see Table I) are marked by a “+”.
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(known in formation of “drum sticks”) and transcrip-
tional silencing (known in yeast or Drosophilae and in-
activation of X chromosomes) [34]. Whether the PMN
dysplasia we describe is mediated by a known effect of
MMF [32], such as altered purine metabolism or inhibi-
tion of protein glycosylation, or an unknown one remains
to be seen. The recent discovery that mutations of the
lamin B receptor have been shown to be associated with
the hereditary form of PHA direct future research toward
ligands of this receptor or downstream signal transduc-
tion events. Acquired Pelger-Huët anomaly due to MMF
may indeed prove to be a model that permits further
elucidation of the mechanisms underlying the nuclear
changes observed in neutrophil maturation.

In conclusion, we have presented three cases of ac-
quired and reversible Pelger-Huët anomaly “probably”
induced by MMF in transplant patients, which when
treated by drug withdrawal (in one neutropenic patient)
or dose reductions (in two non-neutropenic patients)
were not associated with infectious complications. All
patients had previously suffered graft rejection episodes.
Interestingly, a form of tolerance could be observed fol-
lowing re-augmentation of MMF dosage in the latter two
patients. Finally, we propose the absolute neutrophil
count and the modified segmentation index, mSI, as pa-
rameters to monitor severity and follow-up evolution.

NOTE ADDED IN PROOF:

Recently, Kennedy GA et al. (Pathology 2002;34:263–
266) have described a Pelger-Huët like appearance of
neutrophils in 5 patients following renal transplantation.
The authors suggest that the combination of gangciclovir
with MMF is critical for its development. We note that
none of our patients was treated with gangciclovir when
the dysplastic changes were noted as well as at least 3
months prior to their onset.
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with ibuprofen therapy. Arch Intern Med 1985;145:166.
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genital or acquired Pelger-Huët anomaly. Exp Hematol 1991;19:322–325.

20. May RB, Sunder TR. Hematologic manifestations of long-term val-
proate therapy. Epilepsia 1993;34(6):1098–1101.

21. Juneja SK, Mathews JP, Luzinat R, et al. Association of acquired Pelger-
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Pelger-Huëtschen-Kernanomalie. Kinderaerztl Prax 1983;51(4):164–169.

29. Davidson W, Lawler S, Ackerley A. The Pelger-Huët anomaly: inves-
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