
of the clear supernatant was layered on a 
linear 5 to 20 percent sucrose gradient of 5 
ml and centrifuged at 148,000g for 20 
hours. The gradients were fractionated by 
piercing the bottom of the tube and collect- 
ing 0.25-ml fractions. Radioactivity in 
each fraction was determined by liquid 
scintillation counting, as described earlier 
(5). 

From our previous work with rat tissue, 
the presence of the binding protein is in- 
dicated by a peak of radioactivity in the 
2S region of the gradient, which is reduced 
when unlabeled retinoic acid has been add- 
ed. A second peak at 4.6S is frequently ob- 
served and, in contrast to the 2S peak, this 
4.6S binding is not diminished by excess 
unlabeled retinoic acid. It appears to be 
nonspecific binding to serum albumin 
which contaminates most preparations 
(10). 

A's shown in Fig. 1, a peak of radio- 
activity sedimenting in the 2S region of the 
gradient was observed for malignant tissue 
from human lung and breast. Normal tis- 
sue from the same organ did not show the 
specific binding protein at 2S but only the 
nonspecific binding at 4.6S. A total of four 
carcinomas have been examined (one lung 
and three breast) and all showed 2S bind- 
ing indicative of the retinoic acid binding 
protein. 

The human retinoic acid binding protein 
detected in these tumors is specific for reti- 
noic acid as binding is diminished by ex- 
cess all-trans-retinoic acid only, but not by 
retinol, retinal, or oleic acid. The molecu- 
lar weight of this protein is approximately 
15,000 daltons, when calculated from the 
sedimentation data by the method of Mar- 
tin and Ames (11). Gradients with stan- 
dard proteins were treated in parallel for 
calibration. 

While we did not detect the retinoic acid 
binding protein in normal breast and lung 
tissue, we have observed its presence in the 
human uterus (12). This is similar to the 
situation in the rat, in that the lung of the 
adult rat shows no evidence for the binding 
protein but it is present in the uterus (6). 
However the cellular retinoic acid binding 
protein is clearly evident in rat fetal lung 
(Fig. 1) at day 19 of gestation. Currently it 
is not possible for us to extend our obser- 
vations to human fetal material, but the 
presence of the retinoic acid binding pro- 
tein in malignant tissue may be another 
case of the occurrence of a cellular com- 
ponent in malignant tissue which normally 
is observed only at the fetal stage, as has 
been reported for some other proteins (13). 
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There is considerable evidence, recently 
reviewed (14), that vitamin A status or ad- 
ministration of retinol, retinoic acid, or 
their derivatives affects the development of 
some tumors (15). Recently Bollag (16) 
showed that administration of an aromatic 

3 OCTOBER 1975 

There is considerable evidence, recently 
reviewed (14), that vitamin A status or ad- 
ministration of retinol, retinoic acid, or 
their derivatives affects the development of 
some tumors (15). Recently Bollag (16) 
showed that administration of an aromatic 

3 OCTOBER 1975 

analog of retinoic acid leads to a marked 
regression of carcinogen-induced estab- 
lished skin papillomas and carcinomas of 
mice. However, the compound has no sig- 
nificant effect on transplantable tumors ex- 
amined, including Ehrlich ascites carci- 
noma. It is of interest that we find no de- 
tectable retinoic acid binding protein in 
this carcinoma (17). The presence of the 
binding protein may be required in order 
for such an antimetabolite of retinoic acid 
to have a therapeutic effect. 

The observations reported here were 
made with a limited number of human car- 
cinomas which all contained a high pro- 
portion of epithelial cells. Since in the sam- 
ples of normal tissue there was also a con- 
siderable amount of these cells (8), the 
presence of the retinoic acid binding pro- 
tein represents a difference between malig- 
nant and normal cells rather than a drastic 
change in epithelial content. The occur- 
rence of a cellular retinoic acid binding 
protein indicates that at least in some ma- 
lignant tissues there is an altered inter- 
action of retinoic acid within the cell com- 
pared to normal tissue. 
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Fluorescent labeling of chromosomes 
by quinacrine and quinacrine mustard 
(Fig. la) and other DNA-binding fluoro- 
chromes has become a well-established 
technique for the identification and analy- 
sis of chromosomes and chromosome re- 
gions (1). Intercalation is thought to be the 
primary mode of binding of the fluoro- 
chromes to chromosomal DNA (2). In the 
interaction of quinacrine with chromo- 
somes, the banding patterns appear to be 
derived from the variable quantum effi- 
ciency of quinacrine fluorescence as a func- 
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tion of the base composition around the in- 
tercalation site (3). Recently, it was shown 
that uninterrupted stretches of A-T (ade- 
nine-thymine) base pairs enhance quin- 
acrine fluorescence, while a progressive 
quenching of quinacrine fluorescence is ob- 
served with increasing guanine content of 
the DNA (4). It has also been shown that 
several factors which affect the quenching 
or enhancement of fluorescence by native 
DNA with specific nucleotide sequences 
corresponds well with the effect of bright- 
ness and differentiation of Q-bands on the 
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Differential Fluorescent Staining of Human Chromosomes 

with Daunomycin and Adriamycin-The D-Bands 

Abstract. Human chromosome preparations were treated with a group of anthracy- 
cline antibiotics. Well-defined, orange-red fluorescent bands were observed on chromo- 
somes after the slide was stained with daunomycin and adriamycin but not with nogala- 
mycin. The characteristic differential bands appeared to be similar to the banding pat- 
terns obtained by the quinacrine techniques. Interaction of these antibiotics with DNA 
could provide information on the general mechanism of fluorescent banding. Further, 
these bands (D-bands) appeared to be more stable than the Q-bands and may have some 
usefulness for routine clinical cytogenetic analysis. 
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Fig. 1. Structure of quinacrine (a) and anthracycline antibiotics (b). 

fixed chromosomes (5). These observations 
suggest that differential distribution of 
base composition may play an important 
role in displaying fluorescent bands. How- 
ever, other mechanisms such as non- 
histone protein-DNA interaction with the 
fluorochromes may also play an equally 
important role in producing differentiated 
banding patterns (6). 

The interaction of the anthracycline 
group of antibiotics daunomycin, adriamy- 
cin (Fig. lb), and nogalamycin with DNA 
has been reported (7) to be similar to 
that of the aminoacridines (quinacrine, 
proflavine). Anthracycline-caused increas- 
es in viscosity and decreases in density of 

native DNA are consistent with an inter- 
calation binding (8, 9). Similar to the fluo- 
rescence quenching in the interaction of 
the aminoacridines with most natural 
DNA, the anthracyclines' fluorescence is 
quenched by the interaction with DNA (8). 
Thus, it is important to see whether this 
group of antibiotics would also produce 
differential bands on chromosomes. More- 
over, the binding of the anthracyclines to 
DNA is little affected by increases in ionic 
strength, conditions under which the ami- 
noacridines are fully displaced (8). Since 
the fluorescence of chromosomes bound to 
quinacrine fades quickly, the use of these 
anthracyclines as fluorochromes for 

Fig. 2. A D-banded metaphase spread of a lymphocyte from a male subject. The chromosome prepa- 
ration had been stained with daunomycin in a concentration of 0.5 mg/ml. Exposure time for the 
negative was 60 seconds, using Kodak high-contrast copy film (ASA = 64). The banding pattern on 
chromosomes was similar to those produced by quinacrine fluorescent technique. A brilliant, bright 
fluorescent area of the distal long arm of the Y chromosome and the variable bright fluorescent 
bands on chromosomes 3 and 13 are also readily seen (indicated by arrows). 
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chromosome banding was investigated. 
Well-defined and reproducible orange- 

,red fluorescent banding patterns were ob- 
served on human chromosomes after treat- 
ment with daunomycin (Cerubidine or 
Daunorubicine-HCl). Chromosome prepa- 
rations were obtained from short-term 
lymphocyte culture by the routine air- 
drying procedure. The staining solutions 
consisted of 0.5 mg of Cerubidine per 
milliliter (obtained from Poulenc Limited, 
Montreal) in 0.1M sodium phosphate buf- 
fer with a pH of 4.3. Slides were stained for 
15 minutes and washed in three changes of 
phosphate buffer for a total of 6 minutes 
and mounted. Preparations were observed 
with a Zeiss WL fluorescent microscope 
equipped with an ultra-dark field con- 
densor for transmitted illumination. The 
light source was a d-c powered HBO W/2 
mercury burner. A KP-500 filter was used 
for excitation, and the barrier filter was set 
at No. 50. The characteristic differential 
bands on chromosomes obtained by the 
daunomycin fluorescent technique (D- 
band) appeared to be similar to Q-bands. 
The distal long arm of the Y chromosome 
also fluoresced brightly. Further, the Y- 
body can also be identified in the inter- 
phase nuclei. Variable bright fluorescent 
regions (bands) were found on the centro- 
meric area of chromosome No. 3 and on 
the short arm of chromosome No. 13 (Fig. 
2). 

Another anthracycline antibiotic, adria- 
mycin (Doxorubicin-HCl), which is closely 
related to daunomycin (Fig. lb), was also 
found to produce banding patterns on 
chromosomes like those obtained by the 
daunomycin. The concentration of Doxo- 
rubicin used to stain the slide was 0.2 mg/ 
ml; the rest of the staining procedure was 
essentially the same as that for daunomy- 
cin. 

A third antibiotic of the anthracycline 
group, nogalamycin, was used as a fluoro- 
chrome for chromosome banding. In con- 
trast to daunomycin and adriamycin, the 
nogalamycin did not produce clear fluores- 
cent bands, and the overall fluorescence on 
the chromosome was relatively dull. It has 
been shown that the aminosugar moiety, 
daunosamine, of daunomycin (or adriamy- 
cin) is an essential part of the antibiotic for 
binding to DNA to take place (8). The ab- 
sence of this aminosugar group in the 
nogalamycin molecule might explain the 
lack of fluorescent banding when chromo- 
somes were stained with this anthracycline 
antibiotic. Nogalamycin and daunomycin 
have been previously used to induce 
chromosome banding in vitro (10). How- 
ever, the type of bands obtained with this 
method could not be positively identified. 

There are several aspects of the D-band- 
ing technique which are of interest: 
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1) This procedure clearly differentiates 
fluorescent patterns on three specific 
chromosome regions; this allows new re- 
search on the specialized structural and 
functional properties of these regions, and 
identification of the similar regions that 
may exist in other species as well. 

2) The orange-red fluorescent bands pro- 
duced by daunomycin and adriamycin do 
not appear as bright as those produced by 
the Q-banding technique. However, the 
fading of fluorescence and the disruptive 
effect of ultraviolet light on chromosomes 
is less pronounced as compared with the 
Q-banding technique. D-bands can still be 
observed several days after staining. The 
use of this antibiotic as fluorochromes for 
chromosome binding is not as sensitive to 
variations in ionic strength as has been ob- 
served in the use of quinacrine (5). Thus, it 
may be more convenient to use the D-band 
technique for routine chromosome analy- 
sis. 

3) Anthracycline antibiotics have been 
shown to have some base specificity in 
their interaction with DNA (11). This class 
of compounds could provide information 
on the mechanism of chromosome bands 
produced by the fluorochrome. Prelimi- 
nary data suggest that the daunomycin 
binding patterns may be due to differential 
fluorescent quenching by DNA regions 
with specific base sequences (12). 

The anthracycline antibiotics used in 
this study are anticanceral agents and are 
shown to fluoresce brightly in nuclei and 
meiotic chromosomes of hamster cells 
shortly after in vivo injection (13). Further 
investigations can be initiated to observe 
both the biological and the pharma- 
cokinetic effect of the neoplastic cells at a 
fluorometric level. 
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Antibodies That Impair Insulin Receptor Binding in an 
Unusual Diabetic Syndrome with Severe Insulin Resistance 

Abstract. Six patients with a unique form of diabetes associated with extreme insulin 
resistance have markedly reduced insulin binding to specific receptors on their circulating 
monocytes. When normal insulin receptors were exposed to serum or immunoglobulin 
fractions from three of these patients in vitro the specific binding defect was reproduced. 
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We have studied six patients, all non- 
obese females, with a unique diabetic syn- 
drome associated with severe insulin resist- 
ance and the skin condition acanthosis 
nigricans (1). These patients are unique in 
that their plasma insulin concentrations, 
both basal and stimulated by glucose, are 
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blood glucose. Furthermore, the specific 
binding of ['25I]insulin to insulin receptors 
on their circulating monocytes is only 5 to 
30 percent of normal. In this report, we 
demonstrate that a serum factor (most 
probably an antibody) from three of these 
patients alters the insulin receptor and im- 
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Fig. 1. (A) Binding of ['25I]insulin to circulating 
5 , A monocytes from a normal control and patient B 

with the syndrome severe insulin resistance. 
4 \ Mononuclear leukocyte preparations were ob- 

,\s tained from buffy coats of each patient by pas- 
= 3- '\ Control monocytes sage through a Ficoll-Hypaque gradient (9). Control monocytes Cells were washed and resuspended in HEPES 

2-Pmonocytes buffer (pH 8.0) at a concentration of 50 x 106 
cells per milliliter; 20 x 106 cells were incubated 

.~, 0 
---'_- - -_-_--- in 0.5 ml of buffer containing 100 pg of 

30 ----Jl--- 2 ['25I]insulin (specific activity, 100 to 200 gc/ 
0X B I% wag) and increasing amounts of unlabeled insulin 

'-' '\. I to give the final concentrations indicated in the 
figure. After 3 hours at 22?C, duplicate 200-ul 

20 i \ -Buffer samples were sedimented through 100 u1 of cold 
X . QS buffer in a Beckman Microfuge. Supernatant 

Patient's \ Control serum was aspirated and the ['25I]insulin bound to the 
10 -serum \ pellet was counted. The number of monocytes, 

#---^ ". 'which constitute the major insulin binding cell in 
this preparation, was determined by ingestion of 

0 __ ______ f^^102 i F latex beads (3). Binding was expressed as the 
0.1 1 10 1o2 103 104 105 percentage of ['25I]insulin bound per 107 mono- 

Insulin (ng/mI) cytes. (B) Effect of serum preincubation on in- 
________ ______________ sulin binding to cultured lymphocytes. Human 

= C lymphoblastoid cells (IM-9) maintained in con- 
o 101 tinuous culture (2) were grown to stationary 

phase in Eagle's minimum essential medium 
a- 8 Control serum with 10 percent fetal calf serum. The cells were 

6 Buffer 1X sedimented and resuspended at a concentration 
e 4 of 15 x 106 cells per milliliter in HEPES buffer 

4 - Patient's (pH 7.6). Samples of cells (0.2 ml) were in- 
serum cubated with 0.2-ml samples of normal serum 

2 - (control), serum from patient B, or buffer for 60 
X0 I , _ minutes at 4?C. Cells were then washed three 

0.1 1 10 102 103 104 10 5 times, once through 1.0 ml of cold fetal calf se- 
rum and twice in 1.0 ml of cold buffer. The cells Human growth hormone Ing/mi) were then resuspended in 0.5 ml of buffer at final 
concentration of 4.8 x 106 cells per milliliter 

and incubated with ['"5I]insulin (100 pg/ml) in the presence of increasing amounts of unlabeled in- 
sulin for 90 minutes at 15?C. The percent of ['2I]jinsulin bound to duplicate 200-ul samples was 
determined as above. (C) Effect of serum preincubation on growth hormone binding to cultured 
lymphocytes. The IM-9 lymphocytes were preincubated and washed as above; 6 x 106 cells in 
0.5 ml of HEPES buffer (pH 7.6) were then incubated with 100 pg/ml of human growth hormone 
(hGH) labeled with 125! in the presence of increasing amounts of unlabeled hormone. After 90 min- 
utes at 30?C binding was determined as above. 
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