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ABSTRACT

Cultured human myeloid leukemia (HL60) cells were characterized
using ultrastructural cytochemical methods and differences identified
when cells were compared for low (17 to 47), middle (69 to 100), and
high (214 to 244) passages or to normal promyelocytes aspirated from
bone marrow. Endoplasmic reticulum and transition structures (pre-GoIgi
compartment) of III,60 cells stained positively for peroxidase using
diaminobenzidine but stained sparsely for reducing groups with osmium-
zinc iodide. Staining of Golgi elements was relatively indistinct with
diaminobenzidine and strong with osmium-zinc iodide, in comparison to
freshly harvested promyelocytes which have intense diaminobenzidine
and osmium-zinc iodide staining of the pre-Golgi and Golgi compart
ments. Cytoplasmic polyribosomes were more numerous in middle and
high passage cells, whereas dilatation of endoplasmic reticulum was less
prominent in these cells. The mean granule size was significantly in
creased in low passage cells, and staining of peroxidase was more
prominent by light and electron microscopy when compared to high
passage cells. Cytoplasmic granules demonstrated strong complex car
bohydrate staining, indicating a lack of granule maturation in 111.60cells.
Terminally differentiated myeloid cells were more frequent in low passage
samples, and some neutrophil granule maturation appeared to occur
within these cells, whereas all eosinophil granules consistently remained
immature with intense complex carbohydrate staining and lack of crys
talloid formation. These studies demonstrate significant differences be
tween 111611cells and normal promyelocytes, and also passage-dependent
maturational differences in 1II.60 cells. These differences should be
considered in evaluating parameters of cell growth and maturation and in
the biochemical and enzymatic characterization of these cells.

INTRODUCTION

Cultured leukemia cell lines provide a unique tool to examine
the proliferation, differentiation induction, and the expression
of a variety of biochemical and immunological markers in
hematopoietic cells. Cells of the HL60 line, established from a
patient with myeloblastic/promyelocytic leukemia, resemble
normal promyelocytes in their ability to synthesize specialized
lysosomes containing peroxidase, acid hydrolases, and chon-
droitin sulfate (1-4). HL60 cells can be induced to differentiate
into segmented neutrophils by a variety of reagents and appear
to retain some degree of pluripotency in that their differentia
tion into cells morphologically similar to normal neutrophils,
monocytes, macrophages, and eosinophils is possible (5, 6).
HL60 cells can also grow in immunodeficient mice, where they
retain some ultrastructural and cytochemical characteristics of
myeloid cells (7).

Numerous studies have examined the ultrastructural mor
phology of normal human promyelocytes (8-10). Similarly,
cytochemical studies have examined DAB3-reactive myeloper-
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oxidase (11, 12), OZI staining of reducing substances (13),
HID-reactive sulfated glycoconjugates (14), and periodate-re-
active vicinal glycols (15) in normal human promyelocytes.
Although ultrastructural studies have compared HL60 mor
phology with that of normal promyelocytes, and DAB-reactive
myeloperoxidase and HID-reactive sulfate in granules have
been briefly described in HL60 cells (2, 7, 16,17), these studies
have not: (a) related these staining characteristics to other
HL60 cell organdÃes involved in granule genesis; (b) compared
the cytochemical properties of HL60 cells to those of normal
promyelocytes; and (c) compared HL60 cells at different cell
passages. The present study provides these comparisons using
cytochemical methods previously used to characterize normal
promyelocytes. The results demonstrate significant differences
between HL60 cells and normal promyelocytes, and between
different passages of HL60 cells.

MATERIALS AND METHODS

HL60 cells were grown in continuous suspension culture in RPMI
1640 medium (Sigma Chemical Co., St. Louis, MO) supplemented
with 2 mM glutamine (Sigma), 25 HIMsodium bicarbonate (Mallinck-
rodt Chemical Works, St. Louis, MO), penicillin (50 units/ml), strep
tomycin (50 g/ml) (Advanced Biotechnologies Inc., Silver Springs,
MD), and 10% defined bovine calf serum (HyCIone Laboratories,
Logan, UT). Cultures were maintained in an atmosphere of 7.5% CO2
in air at 37Â°C.Cells were divided every 3 to 4 days by adding fresh
medium to dilute the cells to a density of 0.25 x IO6 cells/ml. Cells

were counted using a hemocytometer and processed for electron mi
croscopy while in logarithmic growth phase. Cell size was analyzed
using a FACS Analyzer I (Becton-Dickinson, Sunnyvale, CA); single
histogram statistics were performed using 1000 gated events. Low
passages used were passages 17, 20, 21, 30, 36, and 47; middle passage
cells included passages 69, 75, 83, 98, and 100; and high passage cells
included passages 214, 218, 234, and 244. Passage was defined as the
number of subcultures performed since the line was originally estab
lished. Cells were subcultured twice weekly since originally obtained at
passage 13 (American Type Culture Collection, Rockville, MD).

Light Microscopy. Cells in culture medium were centrifuged at 1500
x g at 4Â°Cfor 15 min, and the supernatant was removed. The cells

were resuspended in cold phosphate-buffered saline, pH 7.4, and cyto-
centrifuged smears were prepared on glass slides at 200 rpm for 5 min
(Cytospin 2; Shandon Southern Instruments, Inc., Sewickley, PA). The
smears were fixed and stained using the following methods: Wright's
Giemsa; Sudan Black B; peroxidase; PAS; a-naphthyl butyrate esterase;
ASD-chloroacetate esterase; and acid phosphatase ( 18,19). The smears
were examined by routine light microscopy; Cytoplasmic positivity in
100 to 250 cells/smear was evaluated and expressed as a percentage of
total cells examined. The configuration of stain deposits was catego
rized as diffuse, finely granular, or coarsely granular. Freshly prepared
peripheral blood smears from normal subjects were simultaneously
stained as control preparations.

Electron Microscopy. HL60 cells were centrifuged into a pellet and
fixed with 3% glutaraldehyde-0.1 M cacodylate, pH 7.35, at 4Â°Cfor 60

min. The cells were then resuspended in 0.1 M cacodylate with 7 g/dl
sucrose, pH 7.35. Samples for myeloperoxidase staining were incubated
30 min in a DAB solution prepared by adding 5 mg of DAB-4HC1 to
10 ml of 0.05 M Tris-HCI buffer, pH 7.6, containing 0.01% H2O2 (20).
Control samples were similarly incubated in medium without H2O2.

4932

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/18/4932/2428424/cr0470184932.pdf by guest on 19 M

ay 2023



HL60 ULTRASTRUCTURE

Sulfated glycoconjugates were stained en block for 18h with Spicer's

HID solution (21) as described previously for normal promyelocytes
(13). Samples for evaluation of intrinsic density were comparably
incubated in a control medium (14), an acid MgCl2 solution at pH 1.4.
OZI staining was performed as described previously for marrow cells
(13). Specimens for vicinal glycol staining of the Golgi lamellae and
granules of HL60 cells were incubated for 3 h with porcine pancreatic
<v-amylaseto remove glycogen deposits as described previously ( 15).

Specimens stained with DAB or processed for morphology were
postfixed in 1% OsO4-0.1 M cacodylate for l h at 22'C. Specimens

processed for glycoconjugate staining (sulfate and vicinal glycols) were
not postfixed. All specimens were routinely dehydrated in graded
alcohols and propylene oxide and embedded in Spurr low viscosity
medium (Polysciences, Inc., Warrington, PA). Thin sections of ultra-
structural morphological, DAB-stained, and OZI-stained preparations
were collected on copper grids. Ultrastructural morphological prepa
rations were counterstained with methanolic uranyl acetate and lead
citrate; DAB- and OZI-stained preparations were examined without
counterstains. Thin sections of HID-stained and amylase-treated spec
imens were collected on stainless steel grids. HID staining was enhanced
by bridging (22) to silver proteinate with TCH. Vicinal glycols in
amylase-treated specimens were stained using ThiÃ©ry's(23) PA-TCH-

SP method as applied previously to blood cells (15).
The results for HL60 cells were compared to promyelocytes in

normal marrow cells obtained from two healthy volunteers and two
patients with normal bone marrow undergoing staging for solid tumors.
The specimens were collected after informed consent in heparinized
syringes and processed as described above for HL60 cells. Also, the
results for HL60 cells were compared to those results published in the
literature for promyelocytes stained with uranyl acetate and lead citrate
(8-10), DAB (11,12), OZI (13), HID (14), and PA-TCH-SP (15).

Morphometric measurements of granules, mitochondria, cytoplasm,
and nuclei were performed on 10 random and consecutively photo
graphed cells with a midsection profile stained with uranyl acetate and
lead citrate. Occasional differentiated cells (with condensed nuclear
chromatin or eosinophil-like granules) were excluded. Similarly, occa
sional cells with folded nuclei resembling monocytes or their precursors
were excluded. The cell profiles were printed at a final magnification
of 14,100 and blinded as to passage number. All photographs were
scored by an unbiased separate observer tracing over the organelles
using a Sigma-Scan apparatus (Jandel Scientific, Sausalito, CA) linked
to an IBM-XT computer. Organelle volumes were tabulated, the pas
sage number assigned, and comparisons made for passages 17, 83, and
214 (Table 1).

RESULTS

Light Microscopy. In general, HL60 cells contained single
large round nuclei with 1 to 3 prominent nucleoli. Azurophilic
granules, visualized in the cytoplasm on Wright's stained prep

arations, were prominent in cells from low and intermediate
passages, but less prominent in the high passage cells. Large
cytoplasmic vacuoles were present in most high passage cells,
and fewer vacuoles were observed in the low and intermediate
passage cells. With the Sudan Black B technique, most cells in

low, middle, and high passages had granular positivity which
was slightly less intense in high passage cells. Peroxidase posi
tivity was present in almost all cells of each passage, but was
most intense in low and middle passage cells. With the PAS
technique, 95 Â±1% and 96 Â±6% of the cells in low (n = 3) and
middle (n = 3) passages, respectively, had positive staining,
whereas only 81 Â±4% of high passage cells (n = 3) had a
positive cytoplasmic reaction (P < 0.05). Two distinct patterns
of cytochemical staining were observed with the PAS technique.
Moderate diffuse cytoplasmic staining was present in approxi
mately one-half of the cells. This diffuse staining was superim
posed with intense coarse granular staining in the other half of
the cells. Similar numbers of cells in low and middle passages
(10 Â±9% and 19 Â±10%, respectively) had minimal to moderate
diffuse tt-napthyl butyrate esterase activity, but fewer (1 Â±1%)
high passage cells had similar positivity. a-Napthyl butyrate
esterase activity was not observed in cells which resembled
segmented neutrophils. ASD-chloroacetate esterase and acid
phosphatase reactivity were seen in almost all cells of each
passage.

Ultrastructural Morphology. HL60 cells averaged 12 to 13
ÃŸmin diameter. Using a fluorescence-activated cell sorter ana
lyzer, similar mean cell volumes of 142, 141, and 141 urn2 were

observed for cells in passages 17, 75, and 218, respectively.
Midsectional cell profiles contained a single round or indented
nucleus with one or two prominent nucleoli varying from 2 to
3 urn in diameter. The cytoplasm was moderately abundant in
cells from all passages. Monoribosomes and dilated rough
endoplasmic reticulum predominated in low passage cells (Figs.
1 and 2), whereas high passage cells contained relatively more
polyribosomes and less dilated rough endoplasmic reticulum
(Figs. 3 and 4). Five to 15 mitochondria averaging 0.7 ÃŸtnin
longest dimension were scattered throughout the cytoplasm
(Table 1). Frequently, one to several cytoplasmic lipid droplets
averaging 1 pm in diameter were observed. Midsectional pro
files generally contained one perinuclear Golgi region consist
ing of stacked lamellae with numerous transition vesicles near
the m-face and condensing vacuoles and vesicles at the trans-
face. The cytoplasm usually contained 10 to 30 granules in each
cell profile (Table 1). The condensed granules, termed type I
granule, varied from 0.1 to 0.25 urn in diameter and stained
homogeneously with uranyl acetate and lead citrate. The cell
surface occasionally demonstrated a polar area of cell projec
tions, some of which contained cytoplasmic granules. The gran
ules from low passage cells were more heterogenous in uranyl
acetate-lead citrate staining density and included some larger
granules which appeared less condensed and had a variable
lucent rim, termed type II granule (Fig. 2). High passage cells
contained few of the latter granule type and in general contained
smaller granules than low passage cells (Figs. 3 and 4; Table
1). HL60 cells lacked granules that resembled the recently

Table l HL60 organelle variation with passage number
Ten random consecutive cells were scored for each passage. All organelles were scored for each cell profile. Type I granules contained a lucent rim occupying

approximately 25% or more of the granule diameter, whereas type II granules contained uniformly dense material. Type I granules were significantly larger in passage
17 than passages 83 and 214 with P values of <0.01 and 0.05. respectively, when calculated by the Student Â»test. A similar difference in type H granules could not be
demonstrated. In general, total granules for passage 17 were larger than passages 83 and 214 with a /'value -0.001 Type I granules were more frequent in passage
17 than passages 83 and 214 with a /"value of <0.01 and <0.005, respectively, whereas a difference could not be as clearly demonstrated for type II and total granules
(I' > 0.1). Differences in mitochondria! size with passage number could not be demonstrated, whereas mitochondria! frequency tended to be less in passage 17.

Organelle area(>mr')Passage17

83
214Granule

I0.373
Â±0.210" (115)*

0.1 16 Â±0.072 (19)
0.1 50 Â±0.089 (27)Granule

II0.084

Â±0.062 (90)
0.026 Â±0.018 (118)
0.053 Â±0.046 (129)Granules

1 andII0.246

0.038
0.069"

Mean Â±SD.
6 Numbers in parentheses, number of organelles counted.Â±0.216

(205)
Â±0.042 (137)
Â±0.067 (156)Mitochondria0.259

Â±0.
0.202 Â±0.
0.234 Â±0.140

(106)
134 (118)
179 (123)Organelle

frequency (per 10 //m;cytoplasm)Granule

I1.56Â±

1.03
0.45 Â±0.53
0.48 Â±0.45Granule

II1.44Â±

1.63
2.75 Â±1.69
2.25 Â±0.97Granule

total3.21

Â±
3.19 Â±
2.70 Â±1.73

1.52
1.01Mitochondria1.67

Â±0.83
3.18 Â±1.28
2.15Â±0.954933
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Fig. 1. HL60 cells obtained at passage 17 contain numerous cytoplasmic Fig 3. HL60 cells obtained at passage 214 contain cytoplasmic granules which
granules. The majority of granules do not appear fully condensed. There are are somewhat fewer, smaller, and more condensed (arrows: Table 1) than in low
several segments of dilated rough endoplasma reticulum (ER). Thin section passage cells (cf. Fig. 1). Thin section stained with uranyl acetate and lead citrate,
stained with uranyl acetate and lead citrate. Bar, l .im. Â¡Â¡ar] m
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Fig. 2. An enlarged portion of cytoplasm from a passage 17 III do cell. Fig. 4. Polyribosomes (small arrows) are more numerous, and rough endo-

containing predominantly monoribosomes (small arrows), dilated rough endo- plasmic reticulum (Â£R)is less dilated and therefore less prominent in high passage
plasmic reticulum (ER), Golgi lamellae and vesicles (G), and variably condensed cells (passage 214 shown here) than low passage cells. Golgi apparatus ((7),
granules (large arrows). Mitochondrion (A/). Thin section stained with uranyl cytoplasmic granules (large arrows). Thin section stained with uranyl acetate and
acetate and lead citrate. Bar, I win. lead citrate. Bar, 1 Â»mi.
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Fig. S. This HL60 cell (passage 47) demÃ³nstrales DAB staining in rough endoplasmic reticulum (ER) and granules (arrows) similar to normal promyelocytes ( 10-
12). Thin section not counterstained. Bar, 1 /<m.

Fig. 6. Unlike normal promyelocytes, the majority orColgi vesicles (small arrows) lack DAB staining, despite staining of endoplasmic reticulum (IK), transition
vesicles (large arrows), condensing vacuoles, and cytoplasmic granules (cf. Fig. 5). Thin section not counterstained. Bar, 1 /mi.

described large rim staining, defensin-rich dense granules seen
in normal promyelocytes and neutrophils (24).

Approximately 5% of HL60 cells from low passages appeared
to have spontaneously differentiated into myelocyte and seg
mented neutrophil-like cells, whereas rare cells (<1 %) appeared
to have spontaneously differentiated in middle and late pas
sages. The differentiated cells contained sparse endoplasmic
reticulum, variably prominent Golgi regions, and numerous
pleomorphic cytoplasmic granules of varying electron density.
Glycogen was abundant in several cells. Although the seg
mented neutrophils were larger than their normal in vivo coun
terparts, they generally contained fewer granules and more
numerous vesicles and vacuoles.

Ultrastructural Cytochemistry. DAB stained peroxidase in
endoplasmic reticulum and cytoplasmic granules of HL60 cells
from low and high passages (Fig. 5; Table 2). However, as noted
above, endoplasmic reticulum was less dilated, and cytoplasmic
granules were smaller in high passage cells, resulting in less
overall reactivity in high passage cells. Cytoplasmic granules
stained more intensely than endoplasmic reticulum. Although
some vesicles in the Golgi complex occasionally stained with
DAB, most Golgi elements lacked staining (Fig. 6). This con
trasted with the positive staining of Golgi vesicles in many
directly sampled marrow promyelocytes in this study and in
previously reported studies of normal promyelocytes (11, 12).
Virtually all granules stained with DAB. Occasional segmented
neutrophils and apparent myelocytes contained a few unstained
granules. Endoplasmic reticulum lacked staining in these dif
ferentiated cells. Control cells incubated in substrate medium
without H2O2 showed minimal staining in a few cytoplasmic

Table 2 Ultrastructural cytochemistry ofHL60 cells
Staining was graded from 0 (no staining) to 4-1- (intense staining) and Â±

(staining in occasional organelles).

Organelle or component DAB OZI PA-TCH-SP HID-TCH-SP

Pre-Golgi compartment
Nuclear envelope 2+ Â±Â°
Rough endoplasmic reticu- 2+ Â±Â°

lum
Transition/coated vesicles Â± 3+

Golgi compartment
c/i-Facefrans-FacePost-Golgi

compartmentCondensing
vacuoleGranule

matrixOtherMitochondriaCell

surfaceÂ±*Â±Â°3+4+0041Â±004+0Â±2+2+3+02+0Â±2+4+00
" The lack of or sparse staining in these organelles contrasts with the positive

staining reported for normal promyelocytes (10, 13).

granules, but the majority of granules and all of the endoplasmic
reticulum lacked staining.

OZI intensely stained reducing substances in abundant Golgi
vesicles of HL60 cells from low, mid, and high passages (Figs.
7 and 8). The staining was more predominantly associated with
the m-Golgi, whereas the much less abundant trans-Golgi,
condensing vacuoles and cytoplasmic granules appeared to lack
staining. Stain deposits were sparse in segments of rough en
doplasmic reticulum and nuclear envelope in contrast to normal
marrow myeloid cells which frequently demonstrated intense
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Fig. 7. HL60 cells (passage 17) demonstrate intense OZI staining of reducing
substances in cytoplasmic and Golgi vesicles Â«/]and mitochondria (A/) like
normal promyelocytes (13) but lack significant nuclear envelope and rough
endoplasmi reticulum staining. Thin section not counterstained. Bar, I /mi.

Fig. 8. A region at higher magnification shows intense OZI staining of the
abundant vesicles and lamellae in the ru-Golgi area (<â€¢),whereas rra/u-Golgi
vesicles (/), condensing vacuoles ( V ), and granules (G) lack staining. Mitochon
dria (A/), nucleus (A/). Thin section not counterstained. Bar, 1 jim.
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Fig. 9. The majority of cytoplasmic granules (arrows) in HL60 cells (passage 47) demonstrate prominent HID-TCH-SP staining of sulfated glycoconjugates seen
in immature granules of normal promyelocytes (14), whereas few, if any, granules lack staining. This finding suggests a lack of granule maturation in these cells.
Mitochondria (A/). Specimen not osmicated: thin section not counterstained. Bar, l Â¿im.

Fig. 10. This differentiated HL60 cell from passage 17 contains a multilobed or folded nucleus (Â¿V)with condensed chromatin. HID-TCH-SP staining of sulfated
glycoconjugates is masked in presumed mature primary granules (large arrows). Smaller tertiary granules are (small arrows) stained, however. Specimen not osmicated;
thin section not counterstained. Bar, 1 mu
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staining in these sites in the present and previous studies (13).
The majority of mitochondria demonstrated intense matrix
staining with OZI.

HID-TCH-SP stained sulfated glycoconjugates prominently
in almost all cytoplasmic granules in HL60 cells from early,
mid, and late passages (Fig. 9). The lack of granule maturation
as evidenced by the loss of HID-TCH-SP staining in HL60
cells contrasted to that observed in normal marrow promyelo-
cytes similarly studied and reported previously (14). Either a
homogeneous or rim staining pattern was observed in these
granules; this could depend on the plane of sectioning. Endo-
plasmic reticulum and distinct Golgi staining could not be
demonstrated. The plasmalemma and mitochondria uniformly
lacked staining. A few differentiated cells with several nuclear
lobes contained small HID reactive granules (Fig. 10) similar
to tertiary granules described in normal myeloid cells (14).
These granules generally corresponded in size and shape to the
scattered DAB-negative granules seen in similar cells. Staining
appeared masked in some larger primary granules of these
differentiated cells (Fig. 10).

PA-TCH-SP stained vicinal glycols with increasing intensity
from the cis- to trans-face of the Golgi lamellae (Fig. 11).
Endoplasmic reticulum lacked distinct staining. The majority
of cytoplasmic granules and numerous cytoplasmic vesicles
demonstrated moderate staining. Mitochondria lacked staining.
The plasmalemma stained moderately. Differences in staining
with passage number could not be demonstrated. However, as
noted above, the reactive granules appeared considerably
smaller in high passage cells. In spontaneously differentiated
cells PA-TCH-SP stained numerous cytoplasmic granules of
variable size, possibly representing secondary and/or tertiary
granules or immature primary granules. No TCH-SP staining
was observed in control specimens incubated in acid MgCl2
followed by TCH-SP (Fig. 12) instead of HID-TCH-SP (Fig.
12). Control specimens for PA-TCH-SP in which periodate
oxidation was omitted lacked staining.

Eosinophil Differentiation. Less than 5% of cells contained
large (0.4 to 0.7 pm) granules with a central globular area of
lesser density consistent with immature eosinophil granules.
None of these granules contained a distinct crystalloid. Several
cells with eosinophil-like granules also contained granules that
resembled condensing neutrophil primary granules (Fig. 13).
Both granule types were DAB positive (Fig. 14). Occasional
cells corresponding to those with eosinophil-like differentiation
in morphological preparations had large granules whose sul
fated glycoconjugates always stained intensely with HID-TCH-
SP in a rim or homogeneous distribution (Fig. 15).

DISCUSSION

The present studies demonstrate significant morphological
differences in HL60 cells related to passage number. High
passage HL60 cells in this study closely resemble previously
described very early promyelocytes from directly sampled mar
row cells (9) in their content of abundant polyribosomes and
relatively small granules. Low passage cells contain fewer
polyribosomes, more segments of dilated rough endoplasmic
reticulum, and larger cytoplasmic granules as described previ
ously for promyelocytes in a later stage of development (8-10).
Although both high and low passage cells resembled promye
locytes at various stages of development, no HL60 cells ob
served in this study had the abundant granules observed in
either normal late promyelocytes (9, 10) or cells from patients
with acute promyelocytic leukemia (25, 26). Also, HL60 cells
in this study lack the morphologically distinct, defensin-rich
dense granules seen in normal promyelocytes (24). These find
ings are consistent with a recent reappraisal of the original bone
marrow from which the HL60 line was derived suggesting, in
fact, that the patient had acute myeloblastic leukemia rather
than promyelocytic leukemia (4). The passage-dependent dif
ferences observed in this study indicate culture conditions, and
repetitive passages may create a selective pressure for growth

N

H
N

Fig. 11. PA-TCH-SP stains vicinal glycols in the Golgi apparatus (G) and granules (arrows) of HL60 cells (passage 47). The staining in the majority of granules
further suggests a lack of granule maturation seen in normal promyelocytes (15). Specimen not osmicated; this section not counterstained. Nucleus (N). Bar, 1 /jtn.

Fig. 12. Control cells, not treated with PA or HID, but incubated in TCH-SP lack the silver deposits seen in the PA-TCH-SP- and HID-TCH-SP-stained cells (cf.
Figs. 9 and 11). Cytoplasmic granules (arrows), nucleus (jV). Specimen not osmicated; thin section not counterstained. Bar, I pm.
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Fig. 13. This differentiated HL60 cell from passage 17 contains abundant large granules with increased density consistent with forming eosinophil granules (Â£).
Smaller granules with dense matrix material consistent with mature neutrophil primary granules (small arrow) are present (enlarged in inset). Less condensed larger
granules consistent with immature neutrophil primary granules are also present (large arrows). Nuclear lobes ( N). glycogen (Gl). Thin section stained with uranyl
acetate and lead citrate. Bar, 1 Â¡an.

Fig. 14. DAB intensely stains both eosino-
phil-like granules (/:') and neutrophil-likegran

ules (arrows) in this differentiated cell from
passage 17. Thin section not counterstained.
Bar, 1 jim.

Fig. 15. HID-TCH-SP intensely stains sul-
fated glycoconjugates in eosinophil-like gran
ules (arrows) of HL60 cells. Granule matura
tion defined as the loss of HID-TCH-SP stain
ing and the development of crystalloids as seen
in normal eosinophilic myelocytes (27) was not
observed. Nucleus (A^. Specimen not osmi-
cated; thin section not counterstained. Bar, 1

Ã„.

1

N

â€¢.
.

of more immature cells already present in the culture or result
in dedifferentiation of myeloid cells. Nevertheless, regardless
of passage, HL60 cells demonstrate unique differences from
normal promyelocytes in granule number and type, lack of
significant Golgi staining with DAB, and decreased endo-
plasmic reticulum staining with OZI.

Maturation of cytoplasmic granules has been definitively
described in normal promyelocytes and involves a sequence of
morphological changes including development of a central crys

talloid (9-11) and loss of carbohydrate staining (14, 15), proc
esses not observed in HL60 cells from either low or high
passages. Development of crystalloids and loss of carbohydrate
staining have also been observed in normal human eosinophil
granule maturation (27). Like neutrophils, eosinophils derived
from HL60 cells lack granule maturation as evidenced by
persistent HID-TCH-SP staining of sulfated glycoconjugates
or glycosaminoglycans and the lack of crystalloid formation. A
chromosome 16 anomaly has been associated with a lack of
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crystalloid formation in human leukemic eosinophils (28), and
a similar anomaly has been reported to occur in HL60 cells
despite the production of eosinophil major basic protein by
these latter cells (2, 6). A variety of basic proteins are major
components of neutrophil (29, 30) and eosinophil granules and
form crystalloids in the latter cell type (31). Glycosaminogly-
cans, stained here with the HID-TCH-SP method, may interact
and/or complex with basic proteins (32), and the persistent
sulfate staining and lack of crystalloid formation in HL60 cells
may reflect an abnormality in this complex formation during
granule maturation.

HL60 cells contain a prominent Golgi complex which can be
demonstrated both with the methanolic uranyl acetate and lead
citrate counterstains used for ultrastructural morphology and
with the OZI method. However, unlike normal promyelocytes
(11, 12) HL60 cells from low and high passages in the present
study lacked prominent Golgi staining for peroxidase. A simi
lar, but often less striking, decrease in Golgi staining is also
observed in directly sampled cells from patients with acute
myeloid leukemia (25, 33). The decreased staining of Golgi,
despite moderately strong DAB staining of endoplasmic retic-
ulum, suggests that either rapid transit of peroxidase through
the Golgi apparatus occurs and is not detected with the present
methodology, or that peroxidase fails to traverse the entire
Golgi apparatus in HL60 cells. The latter interpretation is
consistent with our recent observation in HL60 cells (34, 35)
that monensin causes the accumulation of peroxidase in a low-
density compartment distinct from DAB-negative, monensin-
induced Golgi vacuoles.

HL60 cells also differ from normal cells (14) in their marked
decrease in OZI-reactive reducing substances in the nuclear
envelope and endoplasmic reticulum, in contrast to their intense
Golgi staining. The discrepancy in Golgi and endoplasmic
reticulum staining is consistent with the previous observation
(36) that Golgi staining occurs independently of endoplasmic
reticulum staining. This is accentuated in other cells in which
inhibition of protein synthesis eliminates endoplasmic reticu
lum staining, but has little effect on Golgi staining (36). Thus,
the relative lack of OZI staining in endoplasmic reticulum of
HL60 cells suggests decreased protein synthesis in comparison
with normal promyelocytes in which endoplasmic reticulum
staining is intense (13).

The appearance of some differentiated cells with granules
resembling both immature eosinophil granules and maturing
neutrophil primary granules suggests the HL60 cells can si
multaneously differentiate along eosinophil and neutrophil
pathways. A similar observation has been made previously in
HL60 cells (6), and intramyeloid infidelity has been described
in patients with myeloid leukemia (37). Nevertheless, additional
studies are needed to confirm this hypothesis.

The differences in the morphology and cytochemistry among
HL60 cells and those of normal promyelocytes also appear to
be applicable to directly sampled leukemic cells which are highly
heterogeneous. Although HID-TCH-SP staining of sulfated
glycoconjugates may be intense in directly sampled leukemic
cells, granule maturation appears to occur even in Auer rods
(14). Similarly, the lack of DAB Golgi staining and OZI endo
plasmic reticulum staining observed in HL60 cells in this study
is not observed in directly sampled promyelocytes (10, 13).
Also, we have observed that leukemic myeloid cells directly
sampled from patients frequently demonstrate intense OZI
staining of endoplasmic reticulum4 in contrast to HL60 cells.
In summary, our results indicate that age-related differences

' R. T. Parmley, unpublished observation.

between HL60 cells should be considered in studies that use
these cells to evaluate mechanisms for the regulation of cell
proliferation and differentiation.
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