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Pelger-Huet (P-H) anomaly is an autoso-
mal dominant form of a hereditary disorder,
characterized by incomplete segmentation
of the nucleus of the polymorphonuclear
leukocytes (PMN) (1-3). Thus, the majority
of PMN with P-H anomaly contains single,
unsegmented nucleus resembling immature
forms of normal PMN. The homozygous
form in man is extremely rare and associ-
ated with a high mortality rate (4). How-
ever, the incidence of the heterozygous
form varies from 1:320 in Adivasi, India (5)
to 1:43,000 in Spokane, Washington (6).
Although the heterozygous form of this
anomaly in man and rabbit does not appear
to be associated with undue susceptibility to
infection, the homozygous form in rabbits
was reported to be uniformly lethal (3).

In 1963, Rebuck et al. reported in their
skin-window study that the PMN of P-H
anomaly migrated less in response to a sin-
gle antigenic stimulation than did controls
(7). These findings support the earlier pos-
tulate of Metchnikoff (8), i.e., the segmen-
tation of nuclei in the PMN might be “more
adequately explained as a special adaptation
for passing through vessel walls.” It is,
therefore, conceivable that, in P-H anom-
aly, the failure of nuclear segmentation
might lead to a mechanical hindrance to the
migration of these cells through smaller
openings.

We have investigated chemotaxis function
in vitro and in vivo in a family with P-H
anomaly.

Subjects, materials, and methods. Five in-
dividuals with P-H anomaly in three genera-
tions of a family (Fig. 1) were studied. Each
affected member had minor furunculosis at
some time. Unaffected members of the fam-
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ily and normal volunteers served as con-
trols. A proper informed consent was ob-
tained from all individuals before the test.
In vivo chemotaxis function was assessed
using a skin-window technique (9) with
some modification as outlined below. The
volar surface of the forearm was covered
with wet gauze for 1 hr or longer and
cleaned with antiseptic solution and sterile
water. An adhesive tape (Scotch, clear
transparent, 3M Company, Minneapolis,
Minn.) with a template hole of 6 mm in
diameter (0.28 cm?) was placed on the
cleaned surface of the forearm. The tem-
plate was created on the adhesive tape by
use of a paper puncher. By repeated appli-
cation (usually 150 times or more) of an-
other adhesive tape (Magic Tape, white
opaque, 3M Company, Minneapolis, Minn.)
on the template hole, one could strip off
the stratum corneum of the skin through
the template hole and create a round skin
window with a glistening dermal layer ex-
posed. Then the adhesive tape with the
template hole was detached from the fore-
arm. A chemotaxis chamber (0.5-ml capac-
ity) was constructed by cutting a plastic
tube (Eppendorf micro-test tube, 1.5-ml
polypropylene tube, Brinkmann Instru-
ments, Westbury, N. Y.) and closing one
end with the attached cap. The chemotaxis
chamber was filled with 0.4 ml of 50% (v/v)
zymosan-activated autologous serum in tis-
sue culture medium (RPMI-1640) contain-
ing penicillin, streptomycin, and Hepes-bi-
carbonate buffer (Associated Biomedics
Inc., Buffalo, N. Y.). The zymosan-acti-
vated serum was tested for its chemotactic
activity in vitro before use in this procedure.
The chamber was placed on the skin window
and fastened to the forearm, which was al-
lowed to move freely for normal activity.
After an appropriate time (3-6 hr) the
chamber was carefully removed, and the
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Fig. 1. Pedigree of B.S. famlly with Pe]ger—Huet
anomaly. Peripheral blood smears from all members
were examined. Diagnosis of Pelger-Huet anomaly was
made on the basis of the characteristic, segmental ar-
rest of nucleus in 95% or more of PMN. The numbers
indicate the age of each member at the time of investi-
gation. The five affected members were identified as
heterozygous state. No evidence of homozygous off-
spring was found in the family.

fluid in the chamber was recovered and ex-
amined for the number and morphology of
cells in the fluid. The result was expressed as
the number of migrated cells per square
centimeter of exposed dermal area. A por-
tion of migrated cells in the fluid was depos-
ited on a glass slide by use of a cytocentri-
fuge (Shandon Southern Instruments Inc.,
Sewickley, Pa.) and stained with Wright’s
stain for morphologic examination.

In vitro chemotaxis. Freshly drawn venous
blood was transferred to a plastic tube con-
taining sodium heparin (10 units/ml of
blood, preservative free), and centrifuged at
900g for 10 min at room temperature. The
plasma, buffy coat, and upper layer of red
cells were carefully transferred to a new
plastic tube and mixed thoroughly by use
of a transfer pipet. This ‘“leukocyte-rich
plasma” was layered on the Ficoll-Hypaque
mixture (Pharmacia Fine Chemicals Inc.,
Piscataway, N. J.) in a plastic tube and cen-
trifuged at 400g for 20 min at room temper-
ature. The bottom layer containing PMN
was carefully transferred to a new plastic
tube containing medium 199. The contami-
nating red blood cells were lysed by hypo-
tonic shock. The isolated leukocytes con-
tained more than 95% PMN with 98% via-
bility as determined by trypan blue exclu-
sion. These isolated PMN were resuspended
in medium 199 at a concentration of 3 X
10%/ml.

The PMN suspension in medium 199 (0.1
ml) was deposited on the surface of a Milli-
pore filter in a circular area of 0.28 cm?,

DUE TO LARGE NUCLEUS

while the suspending fluid was simultane-
ously absorbed by absorbant paper placed
on the opposite side of the Millipore filter
paper. The PMN on the Millipore filter pa-
per was sandwiched quickly by placing an-
other wet Millipore filter on the deposit.
The two Millipore filters with ‘‘sandwiched”
PMN were placed on the blind well chamber
(Neuro Probe, Bethesda, Md.) with tissue
culture medium in the lower compartment.
Chemotactic attractant (activated serum or
culture filtrate of E. coli) was introduced
into the upper compartment of the cham-
ber. Thus, the direction of chemotactic
movement of neutrophils was made upward
(10). These chambers were incubated in a
water bath to ensure a constant, accurate
temperature of 37°. After an appropriate
time of incubation, the filter paper was re-
moved, dipped quickly in 100% methyl al-
cohol, and then fixed in buffered formalin
(3 vol of 33% formaldehyde and 7 vol of
isotonic phosphate buffer, pH, 7.2) for 1 hr
or longer, stained with hensatoxylin, and
examined under the microscope. The result
was expressed as an average number of mi-
grated cells per high power field (HPF).
Results. Figure 2 shows results of in vivo
chemotaxis function tests using the skin-
window technique. In healthy control sub-
jects, the cells which migrated into the
chemotactic chamber through the skin win-
dow were 120 x 10%/cm? of skin-window
area at 3 hr. In contrast, the number of
migrated cells from patients with P-H
anomaly was only one-tenth of the control.
Figure 3 shows the results of in vitro
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Fic. 2. In vivo chemotaxis function test using mod-
ified skin-window technique. The number of migrated
cells in P-H anomaly was decreased as compared to
normal controls and unaffected members of the family.
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Fic. 3. Chemotaxis in vitro using modified Boyden
chamber method: Millipore filter paper with 5-um pore
size was used. Circles indicate males and triangles indi-
cate females. Affected individuals are shown by black
circles or triangles. Each circle or triangle represents a
separate test.

chemotactic function tests using the stan-
dard 5-um Millipore filter paper. Controls
showed an average of 120 migrated cells/
HPF. In contrast, PMN of P-H anomaly
showed a markedly decreased chemotactic
activity (45 cells/yHPF). Most of these mi-
grated cells had two-lobe nuclei. The de-
creased chemotactic activity was observed in
repeated tests over a period of more than 8
months in the affected members of this fam-
ily.

Figure 4 shows the effect of the different
pore sizes of Millipore filters on the chemo-
tactic activity of P-H anomaly. When the
pore size was small (3 wm), significantly
fewer cells migrated in P-H anomaly. When
the pore size was large (8 wm), the numbers
of migrated cells in P-H anomaly ap-
proached those of the controls. In contrast,
no significant difference was noted in the
chemotaxis of PMN from normal controls
when Millipore filters of different pore sizes
were employed.

Discussion. Our study confirms the report
of Rebuck et al. (7) that PMN of P-H anom-
aly have a decreased in vivo chemotactic
activity. In addition, we were able to dem-
onstrate the difference in a more quantita-
tive manner by use of a modified method.

To investigate whether the decreased
chemotactic activity is due to the large unseg-
mented nucleus in the PMN of P-H anom-
aly, we examined the chemotactic activity in
vitro by use of the newly modified Boyden
chamber technique, in which filter papers of
different pore sizes were employed. A
markedly decreased chemotaxis was noted

in PMN of P-H anomaly when the filter
paper of a small pore size was employed.
The decreased chemotactic activity was con-
stantly observed in the affected members of
the family for more than 8 months of the
study period. Our results indicate that the
large, unsegmented nucleus in P-H anomaly
may indeed hinder the migration of PMN
through a smaller opening. This finding
lends support to the earlier prediction by
Metchnikoff (8), namely, that the segmen-
tation of the nucleus in PMN may be advan-
tageous to the migration of these cells and
that a large, unsegmented nucleus may re-
sult in reduced deformability of cells and
thus cause a mechanical hindrance to the
migration of cells through a smaller open-
ing. Reduced deformability of cells might
also be caused by alteration of outer mem-
brane (12), or by cytoskeletal changes such
as dysfunction of actin (13). However, our
preliminary study indicated that the outer
membrane and actin in the PMN of P-H
anomaly appeared to be normal.

Although the P-H anomaly in man ap-
pears to be a benign condition in heterozy-
gous form, its recognition is important since
these abnormal leukocytes can be confused
with immature forms of normal PMN and,
thus, may lead to clinical misinterpretation.
Since homozygous offsprings of P-H anom-
aly seem to have a high mortality rate (4),
identification of this anomaly may become
important in genetic counseling in areas
where the frequency of heterozygous form is
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Fig. 4. The effect of different pore sizes on the
chemotaxis. Chemotactic migration in PMN of Pelger-
Huet anomaly was significantly impaired when filter
papers with small pore size (3 or 5 um) were used.
Open bars represent controls; hatched bars represent
P-H anomaly. (Mean * 2 SD.)
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reported to be as high as 1:320 (5).

Leitner and Gugelot (11) reported that
although more mature PMN with P-H
anomaly had near normal phagocytic func-
tion, the immature unsegmented PMN were
less effective than the immature unseg-
mented PMN from normal individuals.
They suggested that the individual with P-H
anomaly might more easily succumb to se-
vere infection. Our study (unpublished)
showed that the ingestion and killing of
Staphylococcus aureus (502A), as well as
the capacity to reduce nitroblue tetrazolium
dye, by PMN of P-H anomaly did not differ
significantly from normal PMN. We also
found that individuals with P-H anomaly
had normal immune function as indicated by
normal numbers of T- and B cells in the
peripheral blood, and normal serum immu-
noglobulin levels.

Summary. A decreased chemotactic mi-
gration of PMN in vivo and in vitro was
observed in PMN from five individuals with
P-H anomaly in a family. The decreased
chemotactic migration was more pro-
nounced when the PMN were made to mi-
grate through a filter paper with small pore
size. The decreased migration may be in
part due to the mechanical hindrance of the
large unsegmented nucleus to the migration
of the cells.
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