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The class II anthracycline antitumor antibiotics musettamycin, rudolfomycin, aclacino-
mycin and marcellomycin, which were shown in earlier studies to preferentially inhibit the
synthesis of nucleolar RNA in intact tumor cells, were studied in an isolated nucleolar transcrip-
tional assay. Their effects were compared with those of the nucleolar non-selective anthracy-
clines adriamycin, carminomycin and pyrromycin, as well as with the 10-descarbomethoxy-
analogs of marcellomycin and rudolfomycin. The isolated nucleolar transcriptional assay was
found to have linear activity for 30 minutes at 30°C. At increasing concentrations of a-
amanatin up to 200 pg/ml, the maximum degree of inhibition of transcriptional activity was
found to be 6~7%. The ranking of nucleolar RNA synthesis inhibitory potencies of the
class T and II anthracyclines and the 10-descarbomethoxy-analogs obtained previously in
intact cells was reproduced in the isolated nucleoli assay system described here. Thus, evidence
for the use of this assay as a screen for nucleolar active antitumor agents is presented.

A biochemical method employing a cell-free homogenate to screen for antitumor antibiotics was
previously reported by NiTTA and co-workers? and was used successfully to detect phenomycin, an in-
hibitor of protein synthesis®. Recently, SAKANO and co-workers® employed a purified mouse RNA
polymerase assay to detect nucleic acid active antitumor agents. However, no studies on the use of iso-
lated nuclei or nucleoli as a screen for antitumor agents with specific mechanisms of action have been
reported.

Anthracyclines represent a major class of antitumor antibiotics and include the analogs adriamy-
cin®® (ADM), carminomycin*-*-® (CMM), aclacinomycin®*:>:7# (ACM) and marcellomycin®-® (MCM).
The results of extensive studies by many groups have demonstrated that these compounds can exert a
variety of biochemical effects on cells, including DNA template interactions and the resultant perturba-
tion of normal nucleic acid synthesis and metabolism*:>-%-7-8:®_ This latter effect is thought to play a
significant role in the antitumor action of the anthracyclines. We have previously demonstrated that
anthracyclines can be divided into two classes based upon their selectivity for the inhibition of nucleolar
pre-ribosomal RNA (No-RNA) synthesis in intact mammalian tumor cells grown in culture®®. This
assay compared the results of two separate determinations to evaluate the nucleolar selectivity of a drug
by taking the ratio of the IC;, value for DNA synthesis to the IC;, value for No-RNA synthesis®®. In
addition to detecting the nucleolar-specific actions of drugs, the assay was both sensitive and repro-
ducible. However, the methods employed in these studies do not allow rapid screening of compounds
because the procedures used are time and compound consuming. Thus, the assay proved impractical

Abbreviations: No-RNA, nucleolar RNA; ADM, adriamycin; ACM, aclacinomycin; PMSF, phenyl
methyl sulfonyl fluoride; IC;,, 50% inhibitory concentration; CMM, carminomycin; MSM, musettamycin;
MCM, marcellomycin; PYM, pyrromycin; RDM, rudolfomycin; D-MCM, 10-Descarbomethoxymarcellomycin;
D-RDM, 10-Descarbomethoxyrudolfomycin.
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for screening large numbers of compounds, and consequently many potentially nucleolar selective agents
may go undetected. Therefore, the present study was undertaken to determine whether effects on iso-
lated nucleoli could be employed to predict for selectivity of No-RNA synthesis inhibition in vivo among
the anthracyclines.

Nucleoli were isolated from NovikoFF hepatoma ascites cells as previously described by BALLAL
and co-workers!”. RNA synthesis in isolated nucleoli was assayed according to previously reported
methods!0:11:12),

Fig. 1 shows the structures of the anthracyclines which were studied. The nucleolar selectivity of
these agents has been previously reported®®, employing intact mammalian tumor cells. Included are
the nucleolar selective (class 1I) anthracyclines-MCM, ACM, musettamycin (MSM) and rudolfomycin
(RDM)- and the nucleolar non-selective (class 1) anthracyclines- ADM, CMM and pyrromycin (PYM),
as well as the semisynthetic class II analogs, 10-descarbomethoxymarcellomycin (D-MCM) and 10-
descarbomethoxyrudolfomycin (D-RDM).

Fig. 1. Structures of the class I and class II anthracyclines and the descarbomethoxy-analogs of marcel-
lomycin and rudolfomycin.
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Fig. 2 shows the kinetics of the incorporation of *H-UMP into RNA transcripts in isolated nucleoli.
There was an increase in the incorporation of *H-UMP during the first 20~ 30 minutes of the incubation
followed by a slight decrease and eventual plateau. The reaction time selected for further experiments
was 30 minutes.

WEINMAN and ROEDER!® have shown that the IC;, values for a-amanatin for RNA polymerases I,

1T and IIT were 500 ug/ml, approximately 0.02 zg/ml and approximately 20 pg/ml, respectively. Since
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Fig. 2. Time course of the incorporation of *H- Table 1. 509% Inhibitory concentrations of several
UMP into in vitro RNA transcripts by isolated anthracyclines on the transcriptional activity of
nucleoli. isolated nucleoli.

Procedures used are as indicated in “Experi- Nucleoli were isolated and transcriptional activity
mental” section. Aliquots of 0.05 ml were removed assayed as described in “Experimental” section.
at appropriate time points and processed as earlier The results of drug concentration studies were
reported™. Curve shown represents the results analysed by probit analysis® % similar to Fig. 3,
of 2 separate experiments. and 1C,, values estimated by constructing best

fit lines. Values were derived from the results of a

800 minimum of 2 separate experiments.
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RNA polymerase I is localized within the nucleolus'®, the degree of inhibition of in vitro transcriptional
activity by a-amanatin estimates the level of purity of the nucleolar preparation. Treatment of the iso-
lated nucleoli with increasing concentrations of a-amanatin, of up to 200 xg/ml, resulted in a maximal
inhibition of transcriptional activity of approximately 7% at the highest concentration (data not shown).
Thus, minimal levels of contamination by polymerases IT and III are indicated.

Fig. 3 shows the probit analyses of the effects of the class I anthracyclines ADM and CMM and the
class II anthracycline MSM on the transcriptional activity of isolated nucleoli. Probit analysis
was chosen because it linearizes a dose-response curve and therefore allows for an accurate estima-
tion of the 509%; inhibitiony concentrations (IC;, values). Thus, least squares analyses were ap-
plied to these curves and IC;, values estimated®-®:'. Table 1 lists the IC;, values for No-RNA syn-
thesis in isolated nucleoli of the 9 anthracyclines studied. 1In addition, the effect of actinomycin D was
examined, and an ICy, value of 0.98 uM was obtained. Based on the relative potencies for the inhibi-
tion of transcriptional activities in vitro, the current results are in good correlation with the previous
studies using intact cells®?’, even though absolute 1C;, values differed between the two assay systems.

To test the validity of the in vitro assay, the relative nucleolar selectivities of the drugs were compared
for the two assays. 1In the present study, using the IC;, values for DNA synthesis previously determined
for each of the nine anthracyclines studied® ® and the 1C;, values for No-RNA synthesis in isolated nu-
cleoli (Table 1), the nucleolar selectivities of the anthracyclines were determined as indicated in Table 2.
Although the absolute values of the ratios differ significantly from those previously determined in whole
cells for each anthracycline®:®, the three groups of anthracyclines can readily be distinguished and are
equivalent by both methods. Class I anthracyclines, ADM, CMM and PYM, had the lowest ratios and
the class II anthracyclines, MSM, MCM, ACM and RDM, had significantly higher values, while the
descarbomethoxy-analogs of RDM and MCM had intermediate ratios. Thus, the utility of the isolated
nucleoli system screening assay to detect nucleolar selective anthracyclines is demonstrated.
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Fig. 3.
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in vitro nucleolar RNA synthesis.
These results are typical of those of other anthracyclines.

indicated in “Experimental’’ section.
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Probit analysis of the effects of adriamycin, carminomycin, and musettamycin on

Procedures used were as
The data for drug treated samples were compared

to those of the control, and the percentage inhibition of incorporation of *H-UMP
into in vitro No-RNA transcripts was determined. Linear regression analyses were
applied to the resulting curves, and coefficients of correlation greater than 0.94 were
obtained. The curves obtained represent the results of a minimum of 2 separate experi-

ments.
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Table 2. Inhibition of nucleolar RNA synthesis relative to whole cellular DNA synthesis.

The IC;, values for in vitro No-RNA synthesis were obtained from Table 1.
and No-RNA syntheses in intact cells, as well as the ratios of IC;, DNA:

were obtained from previous publications from this laboratory®.

IC;, values for DNA
IC;, values for No-RNA

Isolated nucleoli Intact cells
Anthracycline IC;o DNA® ICy DNA® ICs, DNA®
Ratio ——M—— Synthesis Ratio ——MMM——
IC;;, No-RNAPY (um) ICs No-RNA®

Adriamycin 0.10 6.1 1.02
Carminomycin 0.05 14.7 1.12
Pyrromycin 0.04 5.7 0.93
Musettamycin 117 10.0 714
Rudolfomycin 9.27 69.7 240
Aclacinomycin 0.58 6.3 170
Marcellomycin 2.04 11.3 1256
Descarbomethoxy-

marcellomycin 0.30 18.99 7.42
Descarbomethoxy-

rudolfomycin 0.21 18.37 2.01

= Obtained from earlier studies®.

b  QObtained from Table 1.

The IC;, values for No-RNA synthesis obtained in this study vary from 9-fold to greater than 25-

fold higher than values noted when intact cells were studied>®. The decreased No-RNA synthesis

inhibitory potency of anthracyclines studied in isolated nucleoli may be accounted for on the basis of a

reduction of (or absence of) reinitiation of preribosomal RNA chains in isolated nucleoli®:1®,

Al-
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ternatively, cytoplasmic or other cellular factors (e.g., drug activation or modification, or drug localiza-
tion) may be important in anthracycline-induced nucleolar effects. It is also possible that the nucleolar
effects may be due to several actions which occur in concert in the cell, as a result of anthracycline anti-
tumor action, and in the isolated nucleoli one or more of the processes required for maximum No-RNA
synthesis inhibition is absent.

Experimental

Materials

4H-labeled UTP was obtained from Schwarz/Mann. Adriamycin (Adria-Labs, Wilmington, Del.)
and the other anthracyclines were supplied by Bristol Laboratories, Syracuse, New York. Unlabeled
nucleoside triphosphates and a-amanatin were purchased from Sigma Chem. Co. Actinomycin D
(Dactinomycin, Merck, Sharp & Dohme, West Point, PA) was a generous gift of Dr. M. LANE.

Methods

Isolation of Nucleoli

Nucleoli were isolated from 6-day old Novikorr hepatoma ascites cells by the methods of BALLAL
and co-workers!”. Nucleoli were suspended in 0.05 m Tris-HCI, pH 7.9, 509 glycerol, 1 mm MgCl,,
0.05 mm phenylmethyl sulfonyl fluoride (PMSF), 2 mm dithiothreitol, 0.1 mm EDTA, and stored at
—80°C.

RNA Synthesis in Isolated Nucleoli

Transcriptional activity was assayed according to previously reported methods!®-1*-1 . The assay
buffer contained: 50 mm Tris-HCI, pH 7.9, 0.1 m KCI, 2 mm dithiothreitol, 0.05 mm PMSF, 5 mm KF,
5 mm MgCl,, 1 mm ATP, 1 mm GTP, 1 mm CTP, 0.2 mm UTP, 5.0 £Ci/ml *H-UTP, plus varying con-
centrations of anthracyclines. The final assay volume was 0.10 ml, and reactions were initiated by the
addition of 0.01~0.02 ml of nucleoli (approximately 55 ug DNA). Reactions were run at 30°C for
30 minutes and 0.05 ml aliquots were processed as previously reported'®. Results were displayed as
percent inhibition versus log of drug concentration, and subjected to probit analysis as previously descri-
bed?®- ¢, Best fit lines were constructed and the IC;, values estimated as previously reported®®.
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