
Neutrophilic Function in Animals with the

Chediak-Higashi Syndrome

By GEORGE A. P�uxErr

T HE CHEDIAK-HIGASHI SYNDROME (C-HS) has been reported in

three species: man,’ mink,23 and cattle.4 This syndrome has recently been

reviewed and the general characteristics of the syndrome will not he con-

sidered here.5

In all three species there is an increased susceptibility to chronic infectious

diseases. Children with this condition have had repeated cutaneous infections,

unexplained pyrexic episodes, recurrent oral ulcers, and pneumonia. Staph y-

lococcus aureus has been isolated repeatedly from the children. Epidemio-

logic studies have shown C-HS mink to be more susceptible than non C-HS

mink to Staphylococcus aureus,6 Pasteurelia multocida and Corynebacterium

S7).5 as well as Aleutian disease virus.7 All postmortem examinations of C-HS

cattle revealed disseminated bacterial abscesses caused by various micro-

organisms.5

No investigator has demonstrated a difference in the immune mechanism

when C-HS and non-C-HS individuals of the three species were compared.

Since the turn of the century, the phagocytic theory of host resistance to

infection has been accepted. The phagocytes are considered to be one of the

principal agencies of the host in defense against microbial invaders. Neutro-

phils, as well as other granule-forming cells of C-HS individuals, contain

giant granules. The granules of the neutrophil and other leukocytes have

been shown to be lysosomes.8

In view of the apparent normality of the immunologic defenses and the

lysosomal abnormality present in the neutrophil, it was of interest to search

for a chemical or functional defect of this cell which might account for the

increased susceptibility of C-HS individuals to microbial invasion.

METHODS

The normal (non-C-HS) mink used in these studies were 9-month-old standard darks

having the genotype Aa or AA. The C-HS mink were 9-month-old animals of various
color phases all having the genotype aa. The C-HS cattle were from the experimental C-HS
Hereford herd maintained by Washington State University. The normal (non-C-HS) cattle

were from registered Hereford stock. All of the cattle were approximately 8 months old

and weighed about 300 to 400 pounds when the experiments were started.
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Peritoneal Exudates. Exudates were induced by the procedures of Cohn and Hirsch8

with the following modifications. In cattle 12 liters of Ringer’s solution containing 3 Cm.

of glycogen were injected into the penitoneal cavity approximately 8 hours prior to col-

lection. In preliminary experiments anesthetics and tranquilizers seemed to interfere with

cell function. Therefore, exudates in both mink and cattle were collected without the use

of tranquilizers or anesthetics. The cattle were placed iii a stock chute and the penitoneal

cavity was drained using two 13-gauge needles. Using these methods as many as 5 x 108
(in mink ) and 1 x 10� 1 ( in cattle ) leukocytes could be obtained per collection.

Microscopy. The leukocytes and their granular contents were evaluated by a variety of

techniques. Peripheral blood and exudate films and settle preparations9 were stained by

the Wright or \�7night-Ciemsa method for Schilling differential counts. Wet mounts were

used for phase microscopy.’#{176} Pierce-Martin chambers were used to evaluate motility of
peripheral blood and peritoneal exudate neutrophils.ll

Enzynmatic Analysis. Lysozyme, acid phosphatase, fJ-glucuronidase and cathepsin were

assayed by the methods used by Cohn and Hirsch.� Extraction and assay of the bactericidal

cationic proteins of the cytoplasm ( phagocytin ) and cationic proteins of the nucleus
(histone) of penitoneal exudate leukocytes were performed by the methods of Hirsch.’2.’�

Bactericidal Activity. Intracellular killing of Staphylococcus albus, Salmonella typhi-

murium, and Streptococcus pyogenes were studied by the method of Hirsch and Strauss.’4

Since the normal ( non-C-HS ) antimals used in these studies were also the controls for

adequate function of the test system, this criterion was established. Trials in which the

cells from normal animals did not kill at least 85 per cent of the test organisms in 1 hour
at 37 C. were discarded. Approximately 1 trial in 4 was discarded on this basis.

Respiratory Rate. Respiratory rates of resting and phagocytizing 18-hour penitoneal

exudate neutrophils collected from C-HS and normal mink and cattle were measured with
a Warburg respirometer. Measurements on the stimulated cells were made during the

phagocytosis of latex rt#{176}

Granule Lysis. The stability of neutrophil granules during and after phagocytosis of

bacteria ��‘as observed in living cells under the Phase contrast microscope as �vell as in

stained smears of suitably spread and fixed cells.111#{176}

RESULTS

While the experiments were not designed specifically to study the quanti-

tative response to an inflammatory stimulus, no significant difference was

apparent in the numbers of leukocytes migrating into the peritoneal cavity

of C-HS and non-C-HS mink and cattle after stimulation with glycogen.

With a total of 8 comparisons in each category an average of 1.2 X 10 �

leukocytes were collected in both C-HS and non-C-HS mink in 8-hour exu-

dates, an average of 3 X 10 from C-US mink in 16-hour exudates, and

9 X 10� from normal and 7 X 10� from C-US calves in 8-hour exudates. The

distance the cells moved and the number of cells which moved in the Pierce-

Martin chambers with both peritoneal exudate and peripheral blood neutro-

phils was strikingly similar when neutrophils from C-HS and non-C-FIS

animals of both species were compared.

There was no significant difference in the number of neutrophils containing

abnormal granules in the peritoneal exudates when compared to the number

present in the peripheral blood of C-HS mink and cattle. In 10 comparisons

in each category in C-HS mink 8-hour exudates, an average of 45 per cent of

the neutrophils were abnormal, whereas 52 per cent in the peripheral blood

#{176}The respiratory rate studies were performed at Washington State University by Dr.

A. R. Page (University of Minnesota) in cooperation with the author of this report.
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were abnormal; in 16-hour exudates, 44 per cent were abnormal, while 40 per

cent were abnormal in the peripheral blood. In cattle 8-hour exudates, an

average of 32 per cent of the polys were abnormal, whereas 30 per cent

were abnormal in the peripheral blood of the same animals.

There were no significant differences in the amounts of acid phosphatase,

cathepsin, and /3-glucuronidase present in C-HS and normal mink and in

cattle leukocytes of both types. The results are presented in Table 1. The con-

tent of lysozyme was essentially the same in C-HS and normal mink neutro-

phils measuring 63 mg. in the former and 68 mg. in the latter per 100 mg. of

protein. Of special interest was the failure to detect lysozyme in neutrophils

collected from C-HS or normal cattle. The method used was capable of de-

tecting concentrations as low as 1 jsg./ml. of crystalline egg white lysozyme.

There were no significant differences in amount of cationic proteins ob-

tamed from the cytoplasm ( phagocytin ) and nucleus (histone ) of C-HS

animals when compared to the normal controls. The results are reported in

Table 2 as the reciprocal of the highest dilution in which 50 per cent of the

test organisms were killed.

Results of the studies on the intracellular killing of bacteria by peritoneal

exudate leukocytes of C-HS and normal mink and cattle are presented in

Table 3.

The majority of the trials in this study were on staphylococci since this

organism has been commonly isolated from lesions in C-HS individuals in all

three species. The data suggest a tendency for lesser killing by the leukocytes

obtained from the C-HS animals. Although it is the best available in the

opinion of the writer, the test system used was not sufficiently sensitive to

measure small differences reliably. Statistical analyses of the data on staphy-

lococci only were completed, since only with this organism was there a suf-

ficient number of replicates available. Both the rank sum and the more

rigorous t test for paired experiments did not indicate a significant difference

in the samples at the 5 per cent level. In addition, the standard error mdi-

cates a considerable overlapping of values.

No difference was observed in 02 consumption of resting and phagocytizing

neutrophils when C-HS and non-C-US animals of either species were com-

pared. The results are given in Table 4.

Using wet mount preparations and phase microscopy, the abnormal gran-

tiles present in C-HS neutrophils from mink and cattle were never observed

to lyse after phagocytosis of bacteria; whereas normal-sized granules present

in abnormal cells and in normal cells were observed to lyse in the manner

described by Hirsch.8 Quantitative data were obtained on stained smears to

establish this point clearly. As is seen in Table 5, no significant difference was

found in the percentage of neutrophils from C-FIS mink and cattle which

contained abnormal granules in peripheral blood smears, in exudate settle

preparations in which no bacteria were added, and exudate settle prepara-

tions in which Salmonella typhimurium and Esclierichia coli had been in-

gested by the cells. The bacteria were phagocytized in sufficiently large num-

hers to result in essentially complete disappearance of normal sized granules

in all types of cells. In Figures 1 and 2 the abnormal lysosomes are visible in

the neutrophils although large numbers of bacteria have been phagocytized.
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Table 2.-The Amount of Bactericidal Cationic Proteins Present in Neutrophilis from
C-HS and Normal Mink and Cattle

The Reciprocal of the
Highest Dilution of the
Material Which Killed
50 per cent of the Test

Organism No. of Protein

Organisms

C-HS Non-C-HS
Animal Used Tests Source (Normal)

NEUTROPHILIC FUNCTION IN ANIMALS WITH THE C-H SYNDROME 909

Table 1.-The Amount of 4 Enzymes Present in TVeutrophils Obtained from C-ifS and
Normal Mink and Cattle

Animal
No of
Tests Enzyme

Mean Values for Enzymes
C-HS Non-C-HS

(Normal)

Mink 6 Acid Pl,ospl,atase* .416 .436

Cattle 6 Acid Phosphatase* .302 .326

Mink 6 Cathepsin� 18.14 14.7�

Cattle 6 Cathepsint 9.14 10.44

Mink 6 B-Glucuronidase4 .566 .702

Cattle 6 R-Glucuronidase* .244 .261

Mink 8 Lysozyme� 63.2 68.0

Cattle 14 Lysozyme� - -

*Mg. of phosphorus liberated, pH 5.0/hour/mg. nitrogen.

tProtein equivalents liberated, pH 3.8/hour/mg. nitrogen.
�Mg. phenothalein liberated, pH 4.5/hour/mg. nitrogen.

§Mg. lysozyme/100 mg. protein.

Mink S. typhimurium

Cattle S. typhimurium

Mink Li. coli

Cattle F. cofl
Mink S. typhimurium

Cattle S. typhi;nurium

Mink E. coli

Cattle E. coli

3 Cytoplasm ( Phagocytin)
3 Cytoplasm ( Phagocytin)

3 Cytoplasm (Phagocytin)

3 Cytoplasm (Phagocytin)

3 Nucleus (Histone)

3 Nucleus (Histone)

3 Nucleus (Histone)

3 Nucleus (Histone)

40 20

320 640

320 320

320 320

160 80
160 320

640 640
160 160

Table 3.-Intracellular Killing o/ Bacteria by Neutrophils Collected from C-HS and

Non-C-HS Mink and Cattle

Animal Organism Used No. of Trials

Mean
Iiicuba

Per Cent Decrease in Vi
tion at 37 C. for 1 hour

able Organisms after

Non.C-HS
(Normal) C-HS

Mink Sta/’Jz. aurcu.s 6 90.6±4.5 84.4±7.4
Mink Strep. pyogenes 3 95.8 84.3
Mink S. typhi,nurium I 90.8 79.5
Mink E. coli I 87.6 84.2
Cattle Staph. aureu.c 5 95.4±3.7 87.1±7.5

Cattle Strep. pyogenes I 92.4 84.7
Cattle S. typhimurium 2 94.6 84.3
Cattle E. coli 1 94.1 91.5
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Table 4.-The Respiratory Rate of Resting and Phagocytizing Peritoneal Exudate

Neutrophils Obtained from C-ifS and Normal Mink and Cattle5

Mean Value for 02 Consumption
Animal Cell No. of C�HS Non C-HS

Status Trials (Normal)

Mink - Resting 3 5.7f 6.2f

Mink Phagocvtizing 3 12.6 13.3

(Latex particles)

Cattle Resting 2 1.1 1.5

Cattle Pl,agoctizing 2 2.6 2.9

(Latex particles)

5Sttl(lies completed by Dr. A. R. Page in cooperation with tl�e author of this report.

tF.xpressed as 1sm. 0,/mg. protein/l,r.

Table 5.-Percentage of Neurophils from C-ifS Animals Which Contained Abnormal

Granules in Peripheral Blood and in Peritoneal Exudate Settle Preparations with and

without Added Bacteria5

Animal Organism Per Cent in Settle Per Cent in Settle Per Cent in
Added Preparation

No Bacteria
Preparation

With Bacteria
Peripheral

Blood Smear

Mink S. t�m’phimuriun& 1 7 15 13
Mink .V. t�’/’himurium 28 29 31

Mink .S’. tv/’himuriunz 71 75 68
Mink E. co/i 31 29 35

Mink E. co/i 40 33 40

Calf .V. typhi;nuriuns 29 32 25

Calf S. ty/’himuriu;n 45 37 41

Calf E. co/i 17 20 19

Calf E. co/i 29 25 31

5Bacteria were Present in large numbers so that each cell ingested on the average 10 or

more organisms. These conditions led to essentially complete lvsis of tl�e normal size granules
ill 1)0th nornial and in C-H S neutrophils.

DisCussioN

Our results were based on cells derived from peritoneal exudates which

were induced by glycogen stimulation. Differences between peritoneal exu-

date leukocytes and those from the peripheral blood have been discussed by

others and will not be considered here.’5’7 To perform the studies reported

here, relatively pure populations of neutrophils were required, and the use of

sterile peritoneal exudates was selected as the simplest method of obtaining

them. Whether the work reported would be more valid if done on peripheral

blood cells is questionable, since as discussed by Dittrich “isolation of leuko-

cytes is always associated with considerable trauma to the cell.”

Abnormal neutrophils (those with the giant lysosomes) migrated into the

peritoneal cavity in response to glycogen stimulation in numbers propor-

tional to their occurrence in the peripheral blood. There was no morphologic

indication that the neutrophils present in the exudate differed from those in

the peripheral blood.
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Fig. 1.-Two neutrophils from a mink with the large lysosomes still present
(arrows) in the cytoplasm after the cells had phagocytized numerous salmonellae.
Giemsa stain (approx. 2000 X).

NEUTROPHILIC FUNCTION IN ANIMALS WITH THE C-H SYNDROME 911

Fig. 2.-Two neutrophils from a calf with a large lysosome (arrow) still present in

the cytoplasm of one even though the cell had phagocytized large numbers of

salmonella. Gienisa stain (approx. 2000 X).
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Page et al.19 reported no difference in the motility of peripheral blood

leukocytes obtained from C-HS and non-C-HS children in Pierce-Martin

chambers. We have obtained the same results with peripheral blood and

peritoneal exudate neutrophils from mink and cattle.

There was essentially no difference observed in the amount of acid phos-

phatase, cathepsin, and /3-glucuronidase present in C-US and non-C-HS mink

and cattle peritoneal exudate neutrophils. Windhorst et al.�#{176}21has reported

that the total acid phosphatase activity per gram of liver tissue was similar

when C-HS and non-C-HS mink were compared. We were unable to find a

difference in the amount of lysozyme in mink or in the amount of bacteri-

cidal cationic proteins present in mink and cattle when cells from the C-HS

and non-C-HS animals were compared. These results suggest that ( 1 ) the

composition of the large lysosomes in C-US neutrophils is the same as that of

normal lysosomes, or ( 2 ) the large lysosomes make up too small a proportion

of the total lysosomal population for us to measure the differences by the

relatively crude methods available, or ( 3 ) the enzymes which are deficient in

the large lysosomes ( if any are ) have not yet been measured.

The absence of detectable amounts of lysozyme in neutrophils collected

from cattle was not associated with impaired ability to kill various bacteria.

Neutrophils collected from cattle killed bacteria as well as those from mink

suggesting that lysozyme did not have an essential role in intracellular kill-

ing in the present work.

The studies on intracellular killing did not yield statistically significant

results. In several of the trials cells obtained from C-HS mink and cattle

killed more organisms than cells from non-C-US individuals of both species.

The method used has been shown to measure differences in neutrophil func-

tion in several circumstances.14’22 There was no difference in 02 consumption

of resting neutrophils obtained from C-US and normal mink and cattle. In

addition, 02 consumption of the leukocytes from both mink and cattle essen-

tially doubled during phagocytosis of latex particles, suggesting that phago-

cytosis was equivalent in the C-US and non-C-US animals. The relationship

of phagocytosis to respiration has been reviewed by Karnovsky.23 Wind-

horst 20 reported phagocytosis and killing of bacteria by peripheral leuko-

cytes of C-HS mink and a child with the syndrome to be normal.

White has shown that the large lysosomes in neutrophils from a child with

the C-US contained acid phosphatase, using the technic of Gomori, modified

for ultrastructural histochemistry.24 In normal control cells and in cells with

the large lysosomes present, normal-sized lysosomes evidenced the reaction

product of acid phosphatase activity only irregularly. \Vhite concluded that

the membranes of the large lysosomes were more permeable than the mem-

branes of normal-sized lysosomes in the same cell and in control cells. If one

accepts White’s conclusion, then the normal-sized lysosome membranes are

implicitly normal.

Results presented in this paper indicate that the large lysosome mem-

branes are more stable than the normal-sized lysosome membranes in a func-

tional situation. The large lysosomes in C-HS neutrophils did not lyse after

phagocytosis of large numbers of bacteria, whereas the normal-sized lyso-
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somes did. Even though the large lysosomes in abnormal cells failed to lyse,

cells collected from C-HS animals probably kill bacteria as well as cells from

normal animals. No appreciable difference in the bactericidal tests were ob-

served whether as low as 30 per cent or as high as 79 per cent of the neutro-

phils obtained from C-HS animals contained abnormal lysosomes. These find-

ings suggest that the proportion of abnormal lysosomes present in the cell

is not sufficiently large to be reflected by differences in the ability of the cell

to kill bacteria in an in vitro situation.

If the defect which is present in the lysosomes of C-HS animals is related

to the membranes rather than the content of the granules, then the abnormal-

ity should be reflected in the lysosomal membranes of many cell types.

If this assumption is true, then the studies of Windhorst et al.2’ are of con-

siderable interest. Using ultracentrifuge technics they found that livers from

C-HS mink uniformly yielded less acid phosphatase activity in the sedimen-

table phase than did comparable control mink. The total acid phosphatase

activity per gram of liver was generally comparable between the 2 geno-

types. They observed similar results with malic dehydrogenase and unease,

which are considered, respectively, to be definitive markers for mitochondria

and penoxisomes. They suggested tentatively that a primary membrane de-

feet may be present in all of the lysosomes and membrane-lined cellular

organelles of C-HS individuals.

It is difficult to correlate the findings on membrane function from the

studies discussed above since very different methods were used in each evalu-

ation. However, it would appear that if \Vhite’s finding was related to the

fact that, based on size of the granule, more enzyme was present in the

large granule than in the small granule which could react with the substrate

rather than to permeability of the membrane, then the three studies would

not necessarily conflict. Since, in that case, White’s finding would not be

related to the membrane, the failure of the large granules to lyse, as reported

in this paper, is only adequate as an intracellular comparison. All of the lyso-

some membranes of C-HS animals may be defective, as suggested by \Vind-

horst et al.,21 but adequate proof is still lacking.

The question still remaining to be answered is why are the C-HS children,

mink and cattle more susceptible to infection?

Su�sf1�IAin’

Peritoneal exudate neutrophils collected from mink and cattle with and

without the Chediak-Uigashi syndrome were compared using various criteria.

No signfficant differences were found in the motility, phagocytic capacity, or

bactericidal action of C-HS neutrophils when compared to those from normal

animals.

There was no significant difference in the amount of bactericidal cationic

proteins, acid phosphatase, cathepsin and /2-glucuronidase in leukocytes from

C-HS and normal mink and cattle.

The abnormally enlarged granules in neutrophils from C-HS animals did

not lyse following phagocytosis of bacteria.

The amount of lysozyme present was the same in C-HS and normal mink
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914 GEORGE A. PADGETT

polymorphonuclear leukocytes. No lysozyme was detectable in cattle neutro-

phils, but they killed bacteria as well as mink neutrophils.

SUMMARIO IN INTERLINGUA

Exsudato peritonee de neutrophilos colligite ab visones e ab bestial con e sin le syndrome

(IC Chediak-Higashi esseva comparate sub vane criterios. Nulle significative differentias
esseva trovate in le motilitate, le capacitate phagocytic, o le action bactericidal inter
neutrophilos a syndrome de Chediak-Higashi e illos ab animales normal.

Esseva constatate nulle differentia significative inter le duo gruppos con respecto a!
quantitate de cationic proteinas bactericidal, de phosphatase acide, de cathepsina, e dc

glucuronidase � in le leucocytos.

Le anormalmente allargate granulos in le neutrophilos al) animales con syndrome de

Chediak-Higashi non se lysava post phagocytose de bacterios.

Le quantitate de lysezyma presente in leucocytos polymorphonucleari esseva Ic mesme

pro visones con syndrome de Chediak-Higashi e visones normal. Nulle lysozyma esseva
detegibile in neutrophilos ab bestial, sed iste neutrophilos occideva bacterios e etiam

neutrophilos ab visones.
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