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To i l lus t ra te  the in fo rma t ive  value of  descript ive mul t iva r i a t e  analysis  in b iochemical  screening, we 
have ana lyzed  several da ta  mat r ices  re la t ing  to the binding of  steroids to the estrogen,  progest in,  
androgen,  glucocort icoid and  minera locor t i co id  receptors  in different  organs and  species. We first  
c o m p a r e d  d e n d r o g r a m s  of  s teroid h o r m o n e  receptors ,  tha t  were obta ined  by an au toma t i c  hier-  
a rchica l  classification analysis  of  the binding data,  to publ ished phylogenet ic  trees of  nuc lear  
receptors  based on amino-ac id  sequence analysis.  The f o r m e r  classification describes the affil iations 
a m o n g  the receptors  as given by the b inding specificity of  a popula t ion  of  187 steroids in a t rad i t iona l  
cytosol b inding assay (an indi rec t  compar i son  of  l igand binding sites); the la t te r  describes the 
affil iations a m o n g  the receptors  as given by a compar i son  of  selected p r i m a r y  sequences involved 
in l igand-dependen t  regula t ion  of  t r ansac t iva t ion  and  d imer iza t ion .  A s imi la r  h ie ra rch ica l  classifi- 
cat ion was also p e r f o r m e d  on the binding da ta  of  62 steroids to m y o m e t r i u m  cytosol f r o m  different  
species in o rder  to show to what  extent  the proges te rone-b ind ing  proteins  in these species are 
affiliated. Hie ra rch ica l  c luster ing me thods  classify each type of  var iable  ( receptor  or steroid) 
independent ly .  In o rder  to be able to corre la te  both  types of  var iable  (receptors  and steroids) on 
s ingle-display graphs,  it is necessary to resor t  to correspondence  factor ia l  analysis  (CFA). CFA ranks 
the i n f o r m a t i o n  content  wi th in  the exper imen ta l  system,  highl ight ing m a j o r  corre la t ions  and  
disclosing secondary  corre la t ions  by e l imina t ing  r e d u n d a n t  i n f o r m a t i o n  and  background  noise. This 
mu l t i va r i a t e  me thod ,  appl ied to the analysis  of  publ ished data,  i l lus t ra ted  the pa r t i cu la r  specificity 
of  es t rogen binding in h u m a n  vagina and  raised the quest ion of  the na tu re  of  the b inding prote in  
in this tissue. Our  examples  are based on smal l  da ta  tables tha t  can and have been analyzed  de visu. 
However,  it is cer ta in  tha t  such descript ive mul t iva r i a t e  techniques are indispensable  for the 
analysis  of  large da ta  banks not  only to define s t ruc tu re -ac t iv i ty  re la t ionships  but  to es t imate  the 
degrees of  affi l iat ion a m o n g  the biological variables  being measured .  Knowledge of  such affiliations 
will help to organize available i n f o r m a t i o n  in a context  where the complexi ty  of  the biological 
sys tems under  s tudy is becoming  increas ingly  apparent .  
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~TRODUCTION 

There are two fundamentally different but complemen- 
tary approaches to drug design, on the one hand, a 
divergent approach based on suitably selected screen- 
ing tests and, on the other, a convergent approach 
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based on original laboratory models that attempt to 
identify cause-to-effect relationships in cellular and 
molecular events. In the first case, the only hypothesis 
lies in the selection of the battery of tests and emphasis 
is on the systematic and comparative nature of the 
experiments. In the second, a specific hypothesis that 
needs to be verified is formulated at the very start of the 
study and emphasis is on the appropriate control of a 
maximum number of confounding variables that could 
interfere with the expected results. 

It is our contention that the very large data matrices 
obtained in screening programs contain more infor- 
mation than is disclosed and that this information can 
be extracted from the data by appropriate multivariate 
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analysis. Screening programs involve the analysis of 
standard matrices comprised of rows of chemically- 
related compounds that have been tested on columns of 
biological variables. The  usual question is what par- 
ticular structural features of the compounds are related 
to which tests in order to be able to design more specific 
tools or drugs. However,  the way in which the com- 
pounds react in the tests not only tells us something 
about the compounds but  also yields precious infor- 
mation on the tests themselves. For  instance, how the 
tests are related to each other, whether their infor- 
mation content is redundant.  A multivariate analysis 
of such data would mean that industrial and service 
companies, for instance, could not only offer the 
scientific community new ligands of novel structure 
but knowledge of relationships among biological 
variables (without necessarily disclosing full s t ructure-  
activity relationships). Such knowledge is necessary 
since, as investigations are pursued, the biological 
systems we study appear increasingly complex and 
since new information obtained by new techniques 
needs to be integrated into the existing patterns of our 
understanding. 

The  present review therefore illustrates how simple 
descriptive multivariate methods applied to the analysis 
of data matrices published by us and others can be 
used to classify biological variables into coherent 
meaningful pictures with visual impact such as dendo- 
grams or factorial maps. The  examples we have chosen 
relate to our understanding of the nature of steroid 
binding to different classes of steroid hormone receptor 
in different organs and species. This  work begun in 
the 1970s with an emphasis on steroid-structure and 
specificity [1, 2] will now focus on the information that 
can be obtained on the interrelationships among the 
receptors. 

MATERIALS AND METHODS 

The  materials of the study are published data 
tables that give the relative binding affinities (RBAs) 
of populations of chemical variables (i.e. steroids) 
for binding to a number  of biochemical variables 
(i.e. different cytosol steroid receptors). These  tables 
of rows of steroids by columns of receptors were 
first converted into x2-distances and then analyzed 
either by an automatic classification procedure 
(hierarchical clustering) [3] or by correspondence 
factorial analysis (CFA) [4-8]. The  former method 
treats steroids and receptors separately and gives inde- 
pendent diagrams representing the relationships among 
the rows and among the columns whereas CFA 
represents both steroids and receptors on a single- 
display map. 

In each column, the RBA of the natural hormone 
for its corresponding receptor was taken as 100 
(except for the glucocorticoid receptor where, unless 
otherwise specified, dexamethasone was used as a 
reference). The  data therefore did not need to undergo 

any transformation prior to conversion into Z 2- 
distances. 

We shall not dwell on the mathematics of the multi- 
variate methods which have been published previously 
[3-8]. To  understand the diagrams, it is simply necess- 
ary to remember that any multivariate method is just 
a means of comparing distances among items in an 
n-dimensional space. Proximity between items in a 
given plane implies affiliation between these items 
whereas distance implies diversity. 

Agglomerative hierarchical clustering 

Hierarchical trees [3], in which correlated variables 
are clustered beneath interconnected nodes of differ- 
ent heights, were constructed by applying to the Z 2- 
distance tables an algorithm for agglomerative 
hierarchical clustering that uses the aggregation 
criterion of Lance and Williams [9] with standard 
coefficients of ~ = 0.625 and ~ = - 0 . 2 5 .  In brief, 
the matrix formed by the RBA values of 'i' test- 
compounds for 'j' receptors is converted into a matrix 
of the distances that separate the receptors, taken 
two-by-two, when these are projected into the multidi- 
mensional space defined by the i test-compounds. 
These distances are arrayed into a symmetrical j x j 
semi-matrix. Within this distance matrix, the two 
closest receptors are united into a single group and the 
dissimilarity of this newly-formed group with each 
of the other receptors is calculated. Th e  two closest 
receptors or groups of receptors are again united and 
the process is iterated a total of j -  1 times. The  
resultant hierarchical tree is a sequence of partitions 
of the receptors. Th e  search for closest-members 
explains the terms 'single-link clustering' and 'nearest- 
neighbour method'  used for this agglomerative cluster- 
ing approach. In the present paper, we shall only 
describe the mergers operated among receptors, but 
the test-compounds can be clustered in a similar 
fashion. 

Correspondence factorial analysis (CFA ) 

CFA [8] determines multiple relationships (corre- 
lations) among the steroids, among the receptors, and 
between steroids and receptors. It  is based on the 
assumption that the information within the system 
must be partially redundant  if some of the variables 
are highly correlated and reduces the n-dimensional 
space into more convenient optimal 1, 2 or 3D-spaces 
that best account for the total variance (information 
content) of the system. 

In brief, the Eigenvalues and Eigenvectors of the 
x2-distance tables are calculated and yield the rank 
order of a series of factorial axes (~b~,~b2,~b 3 . . .  ~b,_ ~) 
accounting for the total variance. Plotting any two 
of these orthogonal axes gives factorial maps that 
display the projections of the cloud of points of the 
n-dimensional system. Clustering of points within 
the factorial maps reflects closeness of correlation. The  
first factorial map (~bl~b2), which is a plot of the two 
principal factorial axes q~l and ~b 2, is defined by the most 
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discriminatory steroids and receptors and incorporates 
the major portion of the total variance. However, since 
these axes do not account for all the variance, i.e. the 
true points are not superimposed upon their projec- 
tions on the ~1~b2 map, additional information is necess- 
ary to interpret the map correctly and is given by the 
absolute (AC) and relative (RC) contributions of each 
variable to the factorial axes, i.e. respectively, the 
extent to which an axis is representative of the variance 
of the system (XAC = 100%) and the dispersion of a 
variable over all the axes (2~RCs of each variable to 
all factorial axes = 1). Advantages of CFA are: (a) all 
types of variable can be licitly and simultaneously 
displayed on the same factorial maps (unlike in princi- 
pal component analysis which uses covariance instead 
of x2-metrics), (b) whereas the principal axes highlight 
the most important correlations, the lower order axes 
disclose lesser correlations, that are no longer concealed 
by the main correlations and that are as meaningful, 
(c) small data tables can be analyzed. 

Calculations and program availibility 

Calculations were performed on a microcomputer 
(16-32 bits of 655K of central memory, Hewlett- 
Packard 9836) with a program adapted for BASIC 
(Microsoft Language) from FORTRAN Anacor soft- 
ware. 

A simplified version of the CFA program for running 
on an IBM PC compatible computer is available upon 
request from J. C. Dor6 (Mus6um National d'Histoire 
Naturelle, 63 rue de Buffon, 75005 Paris, France). CFA 
programs are commercially available from several 
sources including ADDAD (Association pour le D6vel- 
oppement et la Diffusion des Donn6es), Laboratoire de 
Statistique, Tour  45-55, 4 Place Jussieu, 75005 Paris; 
Professor M. J. Greenacre (SimCa version 2), P.O. Box 
567, Irene, 1675 South Africa; BMDP Statistical Soft- 
ware Inc (PC-90 User's Guide 1990), Los Angeles; 
SP S S Inc  (Categories Reference Guide 1990), Chicago; 
SAS Institute Inc (SAS/STAT User's Guide, Vol 1: 
ANOVA-FREQ, Version 6, 1990), Cary, NC. 

R E S U L T S  

It is not materially feasible to reproduce all the data 
tables we analyze in the present paper. For the crude 
data, the reader should refer to the original publications 
that are cited in reference. 

Comparison of hierarchical classifications of receptors 
with evolutionary trees 

The first published data table we shall consider [10] 
gave the RBAs of 39 steroids, mainly glucocorticoids 
and progestins, for the following cytosol receptors: 
progesterone receptor (PR) of rabbit uterus, androgen 
receptor (AR) of rat prostate, mineralocorticoid recep- 
tor (MR) of rat kidney and glucocorticoid receptor 
(GR) of rat thymus, rat liver, and rat hepatoma tissue 
culture (HTC) cells. A biological response variable, the 
induction of tyrosine aminotransferase (TAT) activity 

in H T C  cells, was also included in the analysis. 
The hierarchical tree of these biochemical variables, 
receptors and T A T  induction, which was obtained as 
described under Materials and Methods, is shown in 
Fig. 1 (a). The ordinate represents the distance between 
groups in the same units as those of the distance matrix. 
The order of the variables along the abcissa is to 
some extent arbitrary since the tree has the degrees 
of freedom of a mobile, the only restriction imposed 
being that no branches may cross over. The method 
partitions the variables into a nested family of clusters 
and reveals that, for this population of steroids that were 
primarily selected for their dual progestin/glucocorticoid 
specificity, the GR from three different sources are 
very closely correlated among themselves and to T A T  
induction, which is therefore to be considered a gluco- 
corticoid response; GR is most closely affiliated to 
PR; the group GR-PR is affiliated to MR. The most 
dissimilar receptor in its response to these steroids is 
AR; AR is closest to MR. This classification, first 
published in 1988 [10], summarized our perception 
of the steroid receptor specificity of progestins and 
glucocorticoids at that time. 

The greater the number of randomly selected items 
(steroids) with respect to the number of biochemical 
variables (receptors), the more accurate and broadly 
applicable the classification. We therefore analyzed all 
steroid receptor binding data obtained under identical 
experimental conditions that we have published in 
the past (cumulated data on 187 steroids from Refs 
[1, 2, 8, 11-13] ). The steroid population was primarily, 
but not uniquely, characterized by differences in 
ring saturation, alkylation, hydroxylation, and 17a- 
ethynylation. There were no very bulky substituents 
nor lengthy side-chains in strategic positions that could 
easily interact with amino-acid sequences outside the 
traditional hormone binding site. The analysis included 
several steroids with phenolic A-rings and also a 
measurement of RBA to the cytosol estrogen receptor 
(ER) of mouse uterus. As expected ER has the most 
different binding specificity [Fig. l(b)]. MR and GR 
are affiliated as are PR and AR but, as indicated by the 
lower node height, the relationship between the second 
pair is closer than between the first for this population 
of molecules. However, since the stem above the node 
that groups MR and GR is very short, there is no great 
leap between the two pairs. This objective assessment 
by multivariate analysis confirms our past intuitive 
interpretations. 

The relative proportions to which the individual 
receptors contribute to the overall system are as 
follows: ER (5%), PR (47%), AR (23%), GR (16%), 
MR (9%) indicating that there was a distinct bias 
toward PR due either to steroid availibility governed by 
ease of rynthesis or to instinctive selection of molecules 
with a c.ominant progestin component. Increasing the 
steroid population even further to numbers such 
as found in industrial data banks and/or the use of 
techniques of random sampling can help to minimize 
this bias. 
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Fig. 1. (a) Hierarchical  ascending classification of  cytosol steroid receptors as given by an analysis of  the 
binding profiles o f  a selected populat ion of  39 glucocorticoids and progestins.  Induction of  TAT activity in HTC 
cells was also measured.  The sources of  the cytosol receptors were as fol lows ( from left to right): GR (HTC), 
GR' (rat thymus) ,  GR" (rat liver), PR (rabbit uterus), MR (rat kidney), AR (rat prostate) (classification 
reproduced f r o m  Ref. [10] ). (b) Analysis  of  the binding profiles of  187 steroids of  related chemica l  structure. 
Receptor sources: MR (rat kidney),  GR (rat liver), PR (rabbit uterus),  AR (rat prostate), ER (mouse  uterus) 
(data f r o m  Refs [1, 2, 8, 11-13] ). (c and d) Phylogenetic  trees based on Fitch least squares analyses of  the 
amino-ac id  sequences of  the DNA-binding  domains  (c) and of  the t r a n s - a c t i v a t i o n  and d imer izat ion  regions 
of  the l igand-binding  d o m a i n  (d) of  nuclear receptors according to Laudet et  al. A neighbour-joining analysis 

gave a different classification (see encircled nodes) (adapted f rom Ref. [15] ). 

Despite these restrictions concerning the nature of 
the steroid population, the above classifications are 
nevertheless highly instructive since they illustrate how 
these steroids perceive different steroid receptors and 
can be compared to recent classifications of receptors 
on the basis of amino-acid sequence [14, 15]. The 
phylogenetic trees obtained by a Fitch analysis either 
of the DNA-binding domain or of part of the ligand- 
binding domain of nuclear receptors of different 
sources are reproduced in Fig. l(c and d) (adapted from 
Ref. [15]). In the phylogenetic tree, the height of the 
branches is proportional to the number of mutations 
that have accumulated in the genes that code these 
receptors. In all classifications, the position of ER is 
remote from those of the receptors that bind 3-keto-4- 
ene steroids. Moreover, in all classifications, the in- 
ternodal segments linking these receptors are 
very short. Indeed, on using a different analytical 

approach (neighbour-joining analysis), Laudet et al. 

[15] found permutations at the level of the encircled 
nodes and conclude that "the relationships between 
PR, MR and GR cannot be resolved unambiguously 
(trichotomy)". 

In the absence of a mechanistic explanation, it is 
probably fortuitous that our classification, based on the 
receptor specificity of progestins and glucocorticoids 
and which emphasises the proximity between 
PR/GR/MR and the relative distance of AR [Fig. l(a) ], 
is so similar to the phylogenetic tree obtained by Fitch 
analysis of the DNA-binding domain [Fig. l(c)]. On 
the other hand, the confrontation between Fig. l(b 
and d) is more meaningful since there is some, although 
incomplete, complementarity in their information 
content. In one instance, we have a comparison 
of primary protein structures considered to have 
functional importance in ligand-dependent regulation 
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Table 1. RBAs for cytosol receptors (PR of rabbit uterus, AR of rat prostate, and GR of 
rat thymus) after incubation at O°C for short and long incubation times 

PR AR GR 

2 h  24h 30ram 2 h  l h  24h  

Testosterone (T) 1 1 100 100 3 0.5 
5,1 - D H T  1.5 1 95 120 1 1 
Danazol 9 3 35 8 < 0.1 < 0.1 
17~-MethylT 3 2 90 45 2 1 
19-NorT 20 15 230 155 4 0.5 
Trenbolone 75 15 250 190 9 2.5 
Norgestnenone (R2010) 65 45 95 70 55 15 
Gestrinone (R2323) 75 50 95 85 265 150 
Metribolone (R1881) 210 190 160 205 60 20 
Ethynylnortestosterone (ENT) 155 265 75 45 20 5.5 
17~-EthynylT (ET) 35 15 7 0.1 2 0.5 
Cyproterone ac. (CPA) 80 60 50 15 9 a 6 
Megestrol ac. (MA) 150 120 65 20 90 b 45 
Chlormadmone ac (CA) 175 320 80 20 215 35 
Progesterone (P) 100 100 20 5 5 115 75 
RU25051 330 870 40 15 155 80 
RU23747 225 380 3.5 2 55 25 
RU22779 205 335 7.5 3.5 35 15 
Demegestone (R2453) 230 420 7.5 1 40 10 
Promegestone (R5020) 220 535 10 1.5 100 30 
Nomegestrol ac. (NA) 170 450 20 1 21Y 15 
16~-MethylP 65 60 10 1 160 55 
6~t, 16~-DimethylP 50 155 5 8 395 220 
RU25253 180 530 40 6 770 330 
Medroxyprogesterone ac. (MPA) 125 305 40 50 470 215 
RU4841 230 675 60 135 380 245 
Norgestrel 170 905 110 85 210 40 
RU2999 260 305 205 160 85 55 
RU2420 280 330 175 180 85 25 
RU25593 40 35 6 5 390 180 
RU25055 70 85 20 6 550 245 
Corticosterone (B) 5 3 1.2 0.5 100 I00 
Cortisone (E) <0.1 - -  - -  <0.1 1.5 1 0 
16~-Methylprednisolone < 0.1 - -  - -  < 0.1 135 150 
21 -Desoxydexamethasone < 0.1 - -  - -  < 0.1 225 190 
Cortexolone (S) 0.8 0.5 <0.1 0.3 40 15 
Hydrocortisone (F) < 0.1 - -  - -  < 0.1 45 60 
Cortlvazol < 0.1 - -  - -  < 0 1 300 475 
Cortlvazol-21 OH <0.1 - -  - -  <0  1 310 530 
Prednisolone < 0.1 - -  - -  < 0.1 60 115 
Betametasone < 0.1 - -  - -  < 0.1 185 380 
Dexamethasone (DXM) 0.4 <0.1 0.3 <0.1 165 455 
Desoximethasone 25 15 2.5 1 345 990 
RU23739 35 65 1.5 0.3 450 1410 
Triamcinolone acetomde 15 12 0.2 <0.1 210 790 
Triamcinolone < 0 1 - -  - -  < 0.1 55 290 
Fluocmolone acetonide 38 50 0.8 0.2 275 1250 
RU38140 45 85 35 15 b 360 ~ 1300 
RU38486 80 530 10 25 b 465 a 1365 
RU28289 230 440 - -  l0 b 45(P 1365 
Deoxycorticosterone (DOC) 26 18 10 2.5 65 110 

"Incubation for 4 h; bfor 24 h. 
- - :  Not determined but considered equal to 0.1 in the 
Reproduced from Ref. [20]. 

muluvariate analyses as were the < O. 1 values. 

o f  t r a n s c r i p t i o n  ( T ~ - d o m a i n )  a n d  d i m e r i z a t i o n ;  i n  t h e  

o t h e r ,  a c o m p a r i s o n  o f  t h e  w a y s  i n  w h i c h  a s u b s t a n t i a l  

n u m b e r  o f  l i g a n d s  p e r c e i v e  t h e s e  r e c e p t o r s  w i t h i n  a 

l i g a n d  b i n d i n g  a s s a y .  I n  t h e  a b s e n c e  o f  t h e  i n f l u e n c e  

o f  c o n f o u n d i n g  v a r i a b l e s  d u e ,  f o r  i n s t a n c e ,  to  

e n v i r o n m e n t ,  o u r  a p p r o a c h  c o u l d  b e  i n t e r p r e t e d  as  

a c o m p a r i s o n  o f  t h e  h o r m o n e - b i n d i n g  d o m a i n s  o f  t h e s e  

r e c e p t o r s  u n d e r  l i g a n d - a c t i v a t i n g  l o w - t e m p e r a t u r e  

c o n d i t i o n s .  

Influence of experimental conditions on receptor classifi- 
cations 

A l t h o u g h  t h e  in i t i a l  s c r e e n i n g  s y s t e m  i n c l u d e d  o n l y  

o n e  s e t  o f  i n c u b a t i o n  c o n d i t i o n s ,  t h i s  w a s  i n c r e a s e d  to  
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two on the basis of the observation that ligands that 
dissociate slowly from the cytosol receptor have RBAs 
that increase on prolonging incubation time and those 
that dissociate fast have decreasing RBAs [16]. We 
therefore performed a hierarchical classification on 
the basis of the RBAs obtained after short (1) and long 
(2) incubation times for an extended series of 51 
progestins and glucocorticoids (Table 1). The  hierar- 
chical classification in Fig. 2 confirms the conclusions 
of Fig. l(a), namely, that the affiliation between G R 
and PR is close and that AR is more remote and 
furthermore indicates that the two incubation times 
induce rather similar effects on steroid behavior toward 
these receptors since the heights of the nodes linking 
receptor pairs (1 and 2) are more or less the same. 
Incubation time is most influential in the case of GR. 
It is probable, but  to be proven, that some, but  no 
drastic, conformational change in receptor confor- 
mation occurs on ligand binding that is, however, less 
marked than that which occurs on exposure to tempera- 
ture increases that induce activation [17]. 

Visualization by CFA of the steroids that enable receptor 
classification 

Until now, we have only considered the hierarchical 
classification of receptors on the basis of steroid bind- 
ing specificity. The  steroids themselves can be similarly 

9 

o o 

2 2 2 
GR PR AR 

Fig. 2. Hierarchica l  ascending  c lass i f icat ion o f  eytosol  s teroid 
receptors  on the basis  o f  binding data obta ined under  two 
incubat ion  condit ions .  Receptor  sources:  GR (rat  thymus) ,  

PR  (rabbit  uterus) ,  AR (ra t  prostate)  (see Table  1). 

classified by hierarchical or non-hierarchical methods 
(e.g. minimum spanning trees) to highlight chemical 
affiliations (not shown) (for examples, refer to Refs 
[18-20] ). However it is only a method such as CFA that 
can reveal the relationships among different types 
of variable (among receptors, among steroids, and 
between receptors and steroids) in single-display facto- 
rial maps. Unlike principal component  analysis, CFA 
treats the rows and columns of the data matrix in a 
symmetrical manner so that it becomes totally licit 
to superimpose the steroids on the receptor map. 
This  strategy enables correlations to be drawn directly 
among all types of variable. 

CFA was thus used to convert the multidimensional 
RBA data table (Table 1, Fig. 3) into a ranked series of 
factorial axes of decreasing variance (information con- 
tent) representing both steroids and receptors [20]. 
A very high proportion of the total variance (87.2%) 
is embodied in the first two factorial axes (56.7% for 
~bl and 30.5% for the) which are plotted in the ~bl~b 2 
factorial map of Fig. 4. This  map, in which proximity 
reflects a correlation and distance reflects diversity, 
describes the main organization of the system and 
highlights its most discriminatory features. 

In Fig. 4, the points representing steroids (stars) 
and receptors (open circles at short incubation times, 
solid circles at longer incubation times) are given by 
the projections onto the ~b I and ~b2 axes of the true 
values in the multidimensional system. To  grasp 
the meaning of these axes, it is helpful to refer to the 
absolute contributions (ACs) of the receptors to the 
making of the axes (Table 2). The  ACs of the steroids 
are not given. Th e  plus or minus sign in square 
brackets that precedes the AC indicates whether the 
coordinate of the projection of this variable onto 
the axis is positive or negative with respect to the 
origin. The  variable PR (PR~ + PR2) contributes little 
(AC =2.5~o)  to the main (~b~) factorial axis which 
represents 56.7% of the information content of the 
system. The  ACs of G R and AR are substantial 
and in opposition: [ + ]57.7%(18.5 + 39.2) for GR  vs 
[-]39.8% (19.2 + 20.6) for AR. The  ACs of AR are 
similar for both incubation times (about 20%) but  
the AC of GR doubles on increasing incubanon rime 
(from 18.5 to 39.2%). Th e  ~b 2 factorial axis, which 
represents 30.5% of the information content of 
the system, is characterized by an opposition of PR 
binding ( [ - ] 5 7 . 7 %  =27 .0  + 30.7) with AR binding 
([ + ]31.0% = 13.1 + 17.9) and also with G R binding at 
long ( [ + ] 10.5 % ) but  not short ( [ + ]0.7 % ) incubation 
times. In Fig. 4, these oppositions are pictorially 
reflected in the triangular distribution of the receptors 
on the map. AR and GR are located on either side of 
the origin when considering the ~1 axis whereas PR 
is situated in the bottom quadrants in contrast to AR 
and G R (tk2 axis) and is more firmly anchored in the 
bottom left-hand than right-hand quadrant (~b~ axis). 
Th e  location of the receptors does not differ greatly 
with incubation time except in the case of GR, GR1 
being much closer to the ~bl axis than GR2. 
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Fig. 4. #~z m a p  der ived  by  CFA of  the  da t a  in  Table  showing the  re la t ive  locat ions of  the  t e s t - s t e ro ids  
wi th  respec t  to the  r ecep to r s  (AR f r o m  r a t  p ros ta te ,  P R  f r o m  r a b b i t  u terus ,  GR f r o m  r a t  t h y m u s )  at  shor t  
(©)  and  long (o) i ncuba t ion  t imes .  The  a b b r e v i a t i o n s  used are  as in  Table  I and  as follows: MeT = 17~- 
me thy l t e s to s t e rone ,  Dnz = danazol ,  T rb l  = t r enbo lone ,  Ngn = norges t r i enone ,  Mbl  = me t r ibo lone ,  
Gs t  ---- ges t r inone ,  Ngl = norges t re l ,  P i n g  = p romeges tone ,  Drag  = demeges tone ,  M e P  ---- 16~-methylproges-  
te rone ,  Me2P = 6=,16=-dimethylprogesterone,  21-DXM = 21-deoxydexamethasone ,  16-Pred = 16=-methyl-  
p redniso lone ,  FA = f luocinolone acetonide,  DoM = desoximethasone ,  Cvz = cort ivazol ,  TA = t r i a m c i n o l o n e  
acetonide,  P r e d  = predniso lone ,  B M  = be t ame thasone ,  T r m  = t r i amc ino lone .  (Reproduced  f r o m  Ref. [20].) 

Table 2. eq Cs and RCs of three receptors (AR,  PR and GR ), as defined under 
two sets of experimental conditions (1 and 2), to the factorial axes obtained 

by CFA of the data in Table I 

~b~ Axis ~2 Axis q~3 Axis q~4 Axis ~ Axis 
% Variance (~) = 56.7% 30,5% 7.9% 3.1% 1 9% 

ACs 
GRz 
AR z 
AR~ 
GR~ 
PRj 
PR2 

RCs 
GR2 
AR2 
ARt 
GR~ 
PR~ 
PR2 

[+]39 2 [+]10.5 [+]35.0 0.0 0.0 
[ - ] 2 0 6  [+]17.9 0,0 [ - ]16 .0  [ - ]31 ,5  
[ - ]19 .2  [+]13.1 0,0 [ + ] 1 0 5  [+]42,5 
[+]18.5 [+ ]  0.7 [ - ]62.1  0,0 0.0 
[ - ]  21 [ - ]27 .0  [+ ]  1.6 [+]33,5 [ - ]13 .9  
[ - ]  0.4 [-130.7 [+1 L3 [-140.0 [+112.0 

0.79 011 0.10 0 0  0 0  
0.64 0 30 0.0 0 03 0.03 
0.68 0 25 0,0 0 02 0.05 
0 67 0 01 0,31 0 0 0 0 
0.11 076  0 12 0.10 0.02 
0,02 0,84 0,01 0,11 0.02 
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The ~b,~b2 factorial map thus highlights the most 
fundamental differences among the molecules which 
result from major differences in binding specificity 
rather than from lesser differences in interaction 
kinetics (incubation times). As indicated in Table 2, 
differences in interaction kinetics are revealed by the 
lower order axes (dp 3 to dps) that occlude specificity 
differences and oppose the ACs for long and 
short incubation times. The ~b3 axis reveals the 
opposition for GR ( [ - ]62 .1% vs [+]35.0%), the ~4 
axis for PR rather than AR and the ~bs axis for 
AR rather than PR. It is clear that, for this popu- 
lation of molecules, the increase in incubation time 
has the greatest influence on the results obtained for 
GR. 

The positions of the receptors in Fig. 4 are 
determined by the specificity of binding of the steroids 
which are clustered around or between them. Highly 
specific progestins [e.g. demegestone, promegestone, 
nomegestrol acetate, and the spirosultines (RU 22779, 
RU 23747, RU 25051)] are located around PR; specific 
androgens (e.g. 5~t-dihydrotestosterone, testosterone, 
170t-methyltestosterone, danazol and trenbolone) 
around AR, and glucocorticoids around GR. The ster- 
oids near the origin with the lowest variance are 
medroxyprogesteone acetate and RU4841 which inter- 
act appreciably with all three receptors. Androgenic 
3-keto-trienes with increasing PR binding (e.g. metri- 
bolone, gestrinone, RU 2999, RU 2420 . . . )  are in the 
top left-hand quadrant whereas progestins with de- 
creasing AR binding (e.g. cyproterone acetate, 
megestrol acetate, chlormadinone acetate. . . )  are in the 
lower left-hand quadrant. 

The position of norgestrel, closer to the acetoxy 
derivatives of hydroxyprogesterone than to RU4841, is 
somewhat unexpected in view of its known competition 
for AR binding. Closer inspection reveals that its 
ACs (not shown) to the ~b 1 and q~2 axes are very low 
compared to its AC to the ~4 axis which, as indicated 
in Table 2, discriminates between PR binding after 
long and short incubation times. The crude data in 
Table 1 confirm that the RBA of norgestrel for PR 
increases more than 5-fold with incubation time. 
Norgestrel thus forms an extremely stable complex 
with PR and this is its main characteristic compared to 
the overall population of molecules. 

16~-Methylprogesterone and RU25253 are inter- 
mediate between PR and GR and have proportionally 
more important PR than GR binding components. 
Somewhat closer to the GR poles than to the PR pole 
are steroids with a greater GR than PR comp-onent 
(RU28289, 6~,16~-dimethylprogesterone, RU25055, 
and RU25593) and also steroids with artificially high 
RBA values for GR at short incubation times 
(RU 38486, RU 28289, RU 38140) because the RBAs 
were measured at 4 and not 1 h. By grouping these 
steroids around the GRI pole instead of closer to 
PR as expected, the CFA method has highlighted the 
importance and value of standard conditions for mean- 
ingful screening tests. Well-known glucocorticoids 

(triamcinolone acetonide, dexamethasone etc . . . )  are 
grouped around GR z. 

Analysis of receptors from different species and organs by 
hierarchical clustering and CFA 

The above analyses were performed on data that 
were obtained in a screening system using cytosol from 
different species and different organs. The initial choice 
of material was governed by the species and organs 
used in traditional biological activity tests in an attempt 
to correlate RBAs with potency [1]. Data on species and 
organ differences are rather more scarce but we have 
selected two tables from the literature for analysis, 
one on progesterone-, the other on estrogen-binding 
proteins. 

Progesterone-binding proteins. A data table remark- 
able for its minimal number of missing values and 
published in 1975 [21] concerns the RBAs of 63 
steroids for progesterone-binding proteins in myo- 
metrium cytosol from four different mammalian 
species, namely, estrogen-primed postmenopausal 
women, sheep, rabbits and guinea-pigs. Competition 
for progesterone binding to myometrium and plasma 
from pregnant guinea-pigs was also measured. 

The hierarchical classification derived from this data 
table [Fig. 5(a)] depicts the differences in binding 
specificity according to species. There is a marked 
contrast between the progesterone-binding proteins in 
the guinea-pig (rodent) compared to the three other 
species--rabbit (lagomorph), sheep (ruminant), and 
human (primate). There is also a contrast between the 
proteins in the pregnant and non-pregnant guinea-pig 
suggesting the appearance of a protein with different 
properties during pregnancy. The behavior of this 
myometrium pregnancy protein towards this popu- 
lation of steroids is close to that of pregnancy plasma 
suggesting that the tissue protein may be a plasma 
contaminant although the height of the node separating 
the two binding proteins is great enough to imply an 
intrinsic difference in binding properties. The pro- 
gesterone-binding protein in the human myometrium 
binding protein is closest to that of the sheep and 
rabbit. The primary amino-acid sequences of both the 
human and rabbit progesterone receptors are known 
[22]. 

In the CFA analysis (Table 3), the q~l, ~b2 and ~b 3 
factorial axes account for 96% of the information 
content of the data table. The ~b~ factorial axis 
[Fig. 5(b)], representing 83.8% of the information, 
confirms that for this population of molecules (a) the 
behavior of the guinea-pig binding proteins stands 
opposed to that of the binding proteins in the other 
species; (b) the binding specificity differs in the preg- 
nant and non-pregnant guinea-pig; myometrium from 
pregnant guinea-pigs behaves like plasma; and (c) the 
sheep, rabbit and human binding proteins react in a 
very similar fashion. The steroids grouped around the 
proteins are at the source of the oppositions. The top 
group are rejected by the guinea-pig binding proteins 
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Fig. 5. (a) H i e r a r c h i c a l  ascending  class i f icat ion of p r o g e s t e r o n e - b i n d i n g  p ro t e ins  on the  basis  of  specificity da t a  
for  62 s te ro ids  p u b l i s h e d  by  Kontu la  et a/.[21]. (b) Ot fac to r ia l  axis ob ta ined  by  CFA analysis  of  the  s ame  da ta  
ind ica t ing  the  pos i t ions  of  the  s te ro ids  (*) in  r e l a t ion  to the  r ecep to r s  a n d  to each other .  The  n u m b e r s  (1-62) 
r e fe r  to the  s te ro ids  in  Table  1 of  Ref. [21]. (17~-hydroxy-5~-andros t an -3 -one  was excluded f r o m  the  analys is  
because  of  two miss ing  values.  A single miss ing  va lue  was ex t r apo la t ed  for  s te ro ids  Nos 6 and  60.) The  mos t  
d i s c r i m i n a t o r y  s te ro ids  a re  as follows: F r o m  the top: 25: 4 ,17g-dihydroxy-4-pregnene-3 ,20-dione-17g-ace ta te ;  
28: c h l o r m a d i n o n e  aceta te ;  22: 17~-hydroxy-4-pregnene-3 ,20-d ione  aceta te ;  32: 16g-e thyl -21-hydroxy-19-nor-  
4-pregnene-3 ,20-d ione  pheny lp rop iona te ;  54: 17~-allyl-4-estren-1711-ol; 37: 17~-ethynyl-4-est ren-3~,17~-  
diol; 23: 17 , , -hydroxy-4-pregnene-3 ,20-dione  caproa te ;  34: 16g-e thyl-21-f iuoro-19-nor-4 ,6-pregnadiene-3 ,20-  
dione; 42: lynes t renol ;  27: meges t ro l  aceta te ;  21: 16g,17= (1 ,1 -d imethy l -methy lene) -4 -pregnene-3 ,20-d ione ;  
50: d -norges t re l ;  31: 16~t-e thyl-21-hydroxy-19-nor-4-pregnene-3,20-dione;  47: 11~-chloro-17g-e thynyl-17~-  
hydroxy-4-es t r en -3 -one ;  19: 16, , -e thyl-4-pregnene-3,20-dione;  26: m e d r o x y p r o g e s t e r o n e  aceta te .  F r o m  the 
bo t tom:  60: 4-andros tene-3 ,17-dione;  4: 20 , t -hydroxy-4-pregnen-3-one;  9: 19-hydroxy-4-pregnene-3 ,20-dione;  
14: 4-pregnene-3,12,20- t r ione;  45: 17,,-ethynyl-5-estren-17~$-ol; 61: tes tos te rone;  6: 3~-hydroxy-5-pregnen-20-  
one; 55: r e t r op r oges t e r one ;  8: 17at-hydroxy-4-pregnene-3,20-dione;  56: dydroges te rone ;  49: 7~-methyl -17~-  
e thynyl-17j$-hydroxy-5(10)-es t ren-3-one;  12: cortisol;  17: 4 ,16-pregnadiene-3,20-dione;  59: A - n o r - 3 - p r e g n e n e -  

2,20-dione; 15: 16g,17at-epoxy-4-pregnene-3,20-dione; 46: 17g-ethynyl-6-estrene-5, , ,17~-diol .  

in particular by the pregnancy proteins, the bottom 
group are rejected by the sheep, rabbit and human 
proteins. 

The  ~b2~b3 display (Fig. 6), which describes 12.4% 
(6.8 + 5.6%) of the variance, analyzes lower-order 
relationships without any interference from the over- 
powering anti-correlation between the pregnant 
guinea-pig and other species. As shown by its central 
position and low ACs to these axes (Table 3), the 

binding protein of the pregnant guinea-pig myo- 
metr ium contributes virtually no information to this 
map (ACs = [ - ] 1 . 5  and [ - ] 0 . 3 %  to the ~b 2 and ~b3 
axes, respectively). Th e  map shows that the stereo- 
chemistry of rabbit ' receptor '  binding ( A C =  
[ - ] 4 9 . 6 %  to the ~b 2 axis) differs from that of human 
(AC = [+]19 .0%) ,  sheep (AC = [+ ]16 .9%)  and 
guinea-pig (AC = [ + ]12.5%) 'receptor '  to very similar 
extents as reflected in the positions of these receptors 
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Table 3..4Cs and RCs of the progesterone-binding proteins in the 
myometrium of different species and in guinea-pig plasma to the 

factorial axes obtained by CF.4 of the data in Ref. [21] 

~b] Axis ~b 2 Axis ~b 3 Axis ~b 4 Axis ~b 5 Axis 
z = 83.8% 6 8% 5.6% 2.5% 1 4% 

ACs 
Pregnant [-]31.4 [ - ]  1 5 [ - ]  0.3 [-]24.4 [-]29.5 
guinea-pig 
Plasma [ - ]31 0 [ - ]  0.3 [ - ]13  6 [+]27.2 [+]15.0 
Rabb~t [+]15.4 [-]49.6 [+]  3.6 [+]  0.2 [+]  0.5 
Human [+]10.4 [+]19.0 [-]16.8 [-]21.4 [+]11.2 
Sheep [+]  7.2 [+]16.9 0.0 [+]26.7 [-]35.5 
Guinea-pig [ - ]  4.7 [+]12.5 [+]65.7 [ - ]  0.1 [+]  8.4 

RCs 
Pregnant 0.96 0 00 0.00 0.02 0.01 
guinea-pig 
Plasma 0.94 0.00 0.03 0.02 0.01 
Rabbit 0.78 0.20 0.01 0.00 0.00 
Human 0.75 0.11 0 08 0.05 0.01 
Sheep 0.72 0.14 0.00 0.08 0.06 
Guinea-pig 0.46 0.10 0.43 0.00 0.01 

z: Percent variance embodied by the factorial axis. 

along the $2 axis and on either side of the q~3 axis. Sheep 
myometrium 'receptor' does not contribute to the ~b3 axis 
which opposes the guinea-pig myometrium 'receptor' 
with the human 'receptor' and the plasma pregnancy 
protein. The steroids with the greatest information 
content (contributions not given) are numbered. 

Estrogen-binding proteins. The data are extracted 
from work published by Bergink et al. [23-25] on the 
RBAs of C7 and Cll-substi tuted estrogens for the 
cytosol ER of rabbit myometrium, pituitary, thymus 
and vagina, rat myometrium, endometrium and vagina, 
human myometrium, vagina, breast tumor (solid) and 
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Fig. 6. ~2~3 factor ia l  m a p  corresponding to the CFA analysis of  Fig. 5b. Steroids  (*) with RCs > 0.2 and 
ACs > 12% are  indicated.  (1: progesterone;  4: 20~-hydroxy-4-pregnen-3-one;  18: 7~,-rnethyl-4-pregnene-3,20- 
dione; 19: 16~-ethyl-4-pregnene-3,20-dione; 24: 21-hydroxy-4-pregnene-3,20-dione acetate;  26: medroxyproges -  
te rone  acetate;  29; 19-nor-4-pregnene-20-dione;  30: 20~-hydroxy- 19-nor-4-pregnen-3-one;  36: 
17=-ethynyl-17if-hydroxy-5g-estran-3-one;  49: 7~,-methyl-17~,-ethynyl-17~-hydroxy-5(10)-estren-3-one; 50: d -  

norgestrel ;  51: nore th is terone  acetate; 52: 19-nortestosterone. 
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Table 4. RBAs  of estrogens in the cytosol of several tissues from different species 

Rat Rabbit  H u m a n  

M Y O  E N D O  V A G  M Y O  P I T  T H Y  V A G  M Y O  B K  MCF7 V A G  

1 Estradml (E2) 100 100 100 100 100 100 100 100 100 100 100 
2 Ethinylestradml (EE) 126 87 116 100 101 56 68 103 98 102 58 
3 1 l f l -Methy l -EE 84 107 95 90 87 150 84 100 105 184 80 
4. 7~-Methyl -E2 123 115 110 104 98 123 80 85 125 160 42 
5. 7~, 18-Dlmethyl -EE 33 30 46 62 41 68 33 50 41 96 68 
6. 11/%Methoxymethyl-EE 26 50 45 34 31 20 45 44 37 47 39 
7 7~-Methoxymethy l -EE 26 39 22 37 37 38 36 41 35 28 190 
8 3-Desoxy-EE 0 5 0.4 1 0 3.6 2.6 0.5 3 1 0.5 0.5 3 0.5 
9. 17~-Estradlol 3 2 9 28 23 13 22 14 4 6 140 

10. E s m o l  (E3) 7 4 17 17 13 6 28 18 7 7 100 
11 Diethylstdbestrol  (DES) N D  36 34 29 14 19 51 32 42 82 4 

ND:  not  determined (arbitrary values of  0 to 125 were assigned in the  C F A  when  introducing DES as a supplementary  variable). 
M Y O  = myomet r ium;  E N D O  = endometr ium,  V A G  = vagina, P I T  = pituitary, T H Y  = thymus ,  BK = solid breast  cancer 
tumor ,  M C F  7 = h u m a n  mal ignant  breast cancer cell-line Data  f rom Ref  [23] 

MCF 7 cells (Table 4). Seven steroids in the original 
data table were excluded from the analysis because of 
missing values. To our knowledge, only the human 
(wild-type and MCFT) [26-28] and rat [29] ER amino- 
acid sequences are known. Rabbit uterine ER has been 
characterized by partial peptide mapping [30]. 

The variance (information content) of the system 
is distributed as follows: ~bl (84.2%), q~2 (8.8%), ~b 3 
(2.6%), q~4 (2.4%), ~b s (1.0%). The q~ factorial 
axis represents the most discriminatory information 
(Table 5) which is the marked contrast between 
the specificity of this population of steroids toward 
the estrogen-binding protein in human vagina (AC = 
[ + ]81.6%) compared to ER from all other species and 

organs (2~ACs = [ - ]16 .7%)  except for rabbit vagina 
(AC = [ + ]0.2%). 

The ~b~q~2 factorial map (Fig. 7) represents 93% 
(84.2 + 8.8) of the variance. In other words, lower- 
order correlations and background noise accounting for 
7% of the information content do not intervene in the 
representation. The most striking feature of Fig. 7 
is the eccentric position of the binding protein in 
human vagina situated way out along the q~l axis and 
illustrating the atypical behavior of this protein toward 
the test-molecules. This specificity difference noted in 
the human vagina could reflect an intrinsic difference 
in the nature of the binding protein, which may 
not be a classic ER [31], a difference in the relative 

Table 5. ACs and RCs of the estrogen-binding proteins in the organs of d,fferent 
species to the factorial axes obtained by CFA of the data in Table 4 

~b I Axis ~b 2 Axis ~b 3 Axis ~b 4 Axis q~5 Axis 
z = 84 2% 8.8% 2.6% 2.4% 1 0% 

ACs  
H u m a n  vagina [ + ] 8 1 6  [ + ]  0.3 [ + ]  0.1 [ - ]  2 0  [ + ]  18  
H u m a n  M C F  r [ - ]  5 2 [+]29 .6  [ - ]  3 2 [ + ]  6.5 [+]14 .3  
Rat m y o m e t r m m  [ - ]  3.8 [ - ] 1 3 . 6  [ - ]  4.8 [ - ] 2 7  0 0 0 
H u m a n  B K  [ - ]  2 8  [ - ]  0.6 [ + ]  4 4  [ - ]  7.2 0.0 
Rat e n d o m e t r m m  [ - ]  2.7 [ - ]  1 6 [+]44 .3  [ - ]  0 8  [ + ]  0.3 
Rat  vagina [ - ]  1.9 [ - ]  7.1 [ - ]  1.8 [ + ]  5 0  [ + ]  7 8  
Rabbit  t h y m u s  [ - ]  15  [+]39 .3  [ + ]  12  [ - ]  8.4 [ - ] 1 2 1  
H u m a n  myome t r i um [ - ] 0 2 [ + ] 2.0 [ + ] 0 4 [ + ] 3.2 [ + ]20 7 
Rabbit  vagina [ + ] 0.2 [ - ] 2.7 [ + ] 6.6 [ + ]36.9 [ - ]26.0 
Rabbit  pituxtary [ - ]  01  [ - ]  3 2  [ - ]  6.2 [ - ]  0 9  [ - ] 1 1 . 7  
Rabbit  m y o m e t r m m  0 0 [ - ]  0 1 [ - ] 2 7  1 [ - ]  2 2 [ + ]  5 2 

RCs  
H u m a n  vagina 0.99 0.00 0.00 0 00 0.00 
H u m a n  M C F  7 0.59 0.35 0 01 0 02 0.01 
Rat m y o m e t r m m  0 61 0 23 0.02 0.12 0 00 
H u m a n  B K  0 86 0 02 0.04 0 06 0 00 
Rat endomet r ium 0 62 0.04 0.31 0 01 0 00 
Rat vagina 0 62 0 24 0.02 0.05 0 03 
Rabbit  t h y m u s  0.24 0 67 0 01 0.04 0.02 
H u m a n  myome t r i um 0.21 0.20 0.04 0.06 0.00 
Rabbit  vagina 0.09 0.14 0.10 0 50 0 15 
Rabbit  pituitary 0 14 0 36 0 20 0.03 0 15 
Rabbit  m y o m e t n u m  0 02 0.01 0.75 0 05 0 06 

z Percent  vamance embodied by the factorial axis 
BK: Sohd breast cancer tumor  
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proportions of ER isoforms, a difference in ER hor- 
mone-binding sites, or a difference in the cellular 
(cytosol) environment. It is however clear that, what- 
ever the species, the vagina is always displaced towards 
the right with respect to the other tissues. Although 
similar steroid specificities have been previously re- 
ported for rabbit uterus and vagina [32], the drug 
centrochroman was found to compete more effectively 
for rabbit vagina than uterus cytosol ER [33]. Differ- 
ences in the proportion of ER isoforms have been 
recorded in the vagina and endometrium of the Aus- 
tralian marsupial Trichosurus vulpecula [34]. 

The ERs (except for the human vagina binding 
protein) are clustered according to species with 
hardly any overlap (see shaded areas) even if one takes 
into consideration the ER from malignant human 
s o u r c e s .  

In a published study [35], affinity ranking for ring B 
unsaturated estrogens was found to be similar for ER 
of human endometrium and rat uterus. However, in 
Fig. 7, human vagina ER is somewhat closer to ER 
from rabbit than rat vagina just as human myometrium 
ER is closer to ER from rabbit than rat myometrium 
thus indicating that the lagomorph might be a better 
model for the human than the rodent. In conformity 
with conclusions derived from proteolytic digest pat- 
terns of afffinity-labeled ER, which indicate extensive 
structural relatedness between ER from MCF 7 cells 
and rat uterus and also GH4 rat pituitary tumor cells 
[36], one observes an affiliation between ER from rat 
endometrium and from a human breast cancer but the 

proximity between these two variables is less than 
apparent since the high absolute contribution of rat 
endometrium ER to the q~3 axis (Table 5) indicates that 
this variable is actually situated above the plane of the 
~bl~b2 factorial plot of Fig. 7. 

Most ERs are relatively close to the origin indicating 
that differences are small. Those furthest removed 
from the central pool are rabbit thymus ER and MCF 7 
ER. The distance separating ER from MCF7 cells 
and from a solid breast tumor, and also the distance 
between these two ERs and human myometrium ER, 
may be of biochemical significance and reflect possible 
receptor polymorphism (see Discussion). 

The positions of the steroids (,) explain the 
distribution pattern of the estrogen-binding proteins. 
17fl-estradiol (1) is in a relatively central position 
together with 3-desoxy-ethynyl estradiol (8) and 
1 lfl-methoxymethyl-ethynyl estradiol (6) implying an 
absence of preferential binding for any particular 
tissue. The steroids in the vicinity of human vagina ER, 
and far remote from uterine and malignant breast 
tissues, account for the eccentric position of this 
estrogen-binding protein. These are 170t-estradiol 
(9), estriol (10), and 7ct-methoxymethyl-ethynyl estra- 
diol (7). Estriol is known for its trophic action on 
the vagina and limited proliferative action on the 
endometrium [24] and it has been suggested by 
certain authors that estriol and estradiol may possess 
separate binding sites [37]. The steroids closest 
to human breast malignancy ERs are the C7 or C l l -  
alkylated steroids, 7~-methylestradiol (4) and l lf t-  
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Fig. 7. ~1~, factorial  m a p  showing  the re lat ionships  a m o n g  steroids  (* )  and cytosol  es trogen binding prote ins  
f r o m  h u m a n  (O) ,  rat  (x) and rabbit  ( I )  t i ssues  as derived f r o m  a CFA ana lys i s  o f  the  da t a  in Table  5. The 
theoret ica l  range o f  pos i t ions  o f  d ie thy ls t i lbes tro l  (11), in troduced  into  the CFA analys is  as a s u p p l e m e n t a r y  
v a r i a b l e  after  ascr ib ing  8 arbi trary  values  be tween  0 and 125 to its R B A  for ER in rat m y o m e t r i u m ,  are 

indicated  by the vector  (origin: R B A  ----- 0; t ip  o f  vector :  R B A  -~ 125). 
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methyl-ethynylestradiol (3). 17ct-Ethynyl estradiol (2) 
would have a propensity toward rat rather than rabbit 
or human tissues. 

It is possible to introduce supplementary variables 
into a CFA analysis (either steroids or receptors). The 
RBA for diethylstilbestrol (DES) competition for bind- 
ing to rat myometrium ER was missing, so we assigned 
8 arbitrary RBA values ranging from 0 to 125. The 
positions taken up by DES within the factorial map, 
if these had been the true RBA values, are shown by 
the vector in Fig. 7 and, whatever the chosen RBA 
value, are within the zones governed by ER from rabbit 
and human myometrium and extending toward rat 
vagina at higher values. 

The above analysis, which suggests that not only is 
there a species difference in estrogen-binding specifi- 
city but also a tissue difference due to either environ- 
ment, presence of other binding proteins [38] and/or 
receptor polymorphism, is an illustration of the power 
of CFA in describing affiliations within the data matrix. 
Nevertheless, any generalization needs to be confirmed 
by a much larger study on a more diverse population 
of molecules. 

DISCUSSION 

Descriptive multivariate methods are not only 
extremely useful tools in studies of structure-activity 
relationships as already described in different fields 
[8, 10, 18-20, 39--43] but in order to assess correlations 
among biological parameters whether in biochemical 
experimentation [e.g. 44] or medical research [e.g. 45]. 
In the above examples, we have endeavored to illustrate 
how such methods can order steroid receptors on the 
basis of their response to populations of steroids in 
classic binding studies performed over the last two 
decades and have interpreted the results of the analyses 
in the light of present day literature. 

The intention of these analyses is to be descriptive, 
i.e. to organize the information within the data tables 
in such a way as to discard redundant information 
and bring to light affiliations (correlations) among 
the variables, whatever their significance. No specific 
initial hypothesis is formulated other than that inherent 
in the choice of the variables (biological parameters 
or items), thus circumventing the bias of cause-to- 
effect studies. The aim of the approach is not to 
be original at all cost but informative and to incite 
questions based on an objective overall visual descrip- 
tion of the system rather than on scientific intuition. 
The reasons for the correlations that are observed 
may need to be addressed in appropriate mechanism of 
action studies. 

The hormone--receptor interaction has long been 
considered as a lock-and-key fit. Multivariate methods 
arrange the keys in an orderly fashion (chemical 
relationships among ligands as published elsewhere 
[18, 19, 43]), arrange the locks as illustrated above in 
the hierarchical classification of receptors, and also 
indicate which sets of keys open which types of lock 

(CFA analyses above and elsewhere on ligand-receptor 
interactions [20]). The present analyses have all been 
based entirely on the notion of specificity and not 
amplitude of response, i.e. whether a particular key can 
fit a lock but not the ease with which it does so. 
Amplitude of response can be taken into account 
in CFA analyses in which case the variables (e.g. 
receptors) are no longer represented by points in the 
factorial maps but by vectors [18] or by discrete 
functions [46]. 

Our analyses have shown that, for a population of 
187 steroids tested within a pharmaceutical screening 
program, binding to GR and MR were affiliated 
but less closely than binding to AR and PR. Binding 
to ER was, as expected, most dissimilar. These 
affiliations describe the perception of the hormone 
binding site by this population of sterozds. If this 
steroid population is representative of a larger popu- 
lation of all types of molecules that can bind to these 
receptors (which it is probably not since it was largely 
governed by the synthetic procedures in use by the 
pharmaceutical company), it could be considered a true 
picture of the affiliations among the hormone-binding 
sites. 

Analyses of further tables highlighted the species 
specificity of binding. It was shown, on the basis of a 
population of 62 steroids, to what extent the specificity 
of the progesterone binding protein in human myo- 
metrium differed from that in the sheep, rabbit, and 
guinea-pig. The closest species to the human was the 
sheep, then the rabbit, emphasizing the choice of 
relevant experimental animal models for the study 
of steroids destined for human use. It is known that 
there are differences in the amino-acid sequences of 
PR according to species [22]. The analysis also high- 
lighted the difference between the protein the authors 
detected in the myometrium of the pregnant and non- 
pregnant guinea-pig. 

The analysis of estrogen-binding proteins in several 
tissues of several species was particularly revealing. 
Species-specific binding was recorded for a population 
of primarily C7- and Cll-substituted estrogens but 
with a high degree of proximity verging upon overlap 
between the species, particularly in the case of certain 
tissues. There was one exception, namely, the estrogen- 
binding protein in the vagina which differed greatly 
from all other human tissues in its response to three 
steroids including estriol. The tissue differences could 
have one or more origins, for instance either differences 
in the cytosolic environment, the presence of interfer- 
ing binding proteins, the accessibility to more than one 
hormone-binding site on the protein and/or receptor 
polymorphism. Since, in the factorial map with the 
highest variance, CFA exudes the most fundamental 
information and eliminates lesser order correlations 
and background noise, the correlations observed are 
liable to reflect an intrinsic property of the biological 
variables rather than extraneous influences. The pres- 
ence of distinct heterogeneous forms of ER [e.g. 47] 
and also of multiple monomeric ER isoforms [e.g. 48] 
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has been  d e s c r i b e d  in d i f ferent  t a rge t  t issues.  T h e  
o r ig in  o f  th is  he t e rogene i t y  cou ld  lie in d i f ferent  
E R  m R N A s .  A l t h o u g h  gene t ic  var ian ts  o f  the  E R  
gene  exis t  n o r m a l l y  ou t s ide  t u m o r i g e n e s i s  [49], so far ,  
w i th  the  excep t ion  o f  an E R  va r i an t  in m e n i n g i o m a  
[50] and  in the  u t e r i ne  t i ssue  o f  w o m e n  wi th  f r equen t  
s p o n t a n e o u s  abo r t i ons  [51], mos t  va r ian t  E R  p ro t e in s  
have  been  o b s e r v e d  in m a l i g n a n t  b reas t  t i ssue  
[49, 52, 53]. P o l y m o r p h i s m  o f  E R  in n o r m a l  t issues  
m a y  m e r i t  f u r t he r  s tudy .  

I n  c o n t e m p o r a r y  ar t ic les  on t i ssue  specif ic i ty  o f  
s t e ro id  ac t ion ,  the  emphas i s  is ve ry  m u c h  on  the  f o r m -  
a t ion  o f  a r e c e p t o r - D N A  c o m p l e x  wh ich  is m o d u -  
la ted  b y  t i s sue-spec i f ic  factors  tha t  account  for  di f fer-  
ences in b io logica l  r e sponse  [e.g. 54]. T h e  p re sen t  
ana lys is  is a r e m i n d e r  tha t  not  on ly  species  d i f ferences  
b u t  m o r e  m i n o r  t i ssue  d i f ferences  m a y  exist  at  the  level 
o f  the  s t e reochemica l  r ecogn i t ion  o f  the  l igand  by  E R  
[551. 

T h e  da ta  tab les  ana lyzed  in the  p re sen t  p a p e r  are  
smal l  and  have been  d i scussed  in deta i l  b y  the  inves t i -  
ga tors  [21, 23-25]  i n c l u d i n g  ourse lves  w i thou t  the  use  
o f  mu l t i va r i a t e  analysis .  O u r  mu l t i va r i a t e  analysis  con-  
f i rms and  ex tends  p u b l i s h e d  conc lus ions  b u t  w i thou t  
re ly ing  solely u p o n  the  e x p e r i m e n t a t o r s '  pe r sona l  
knowledge .  W h e r e a s  pe r sona l  analys is  o f  smal l  da ta  
tables  is f r equen t ,  it  becomes  imposs ib l e  when  dea l ing  
wi th  large da ta  banks .  I n  v iew o f  the  su rp r i s i ng  a m o u n t  
o f  specif ic i ty  and  ac t iv i ty  da ta  on  s te ro id  r ecep to r s  
g a t h e r e d  over  the  years ,  m u c h  i n f o r m a t i o n  tha t  m a y  be 
re l evan t  to p r e s e n t - d a y  research ,  wh ich  is s t rong ly  
in f luenced  by  the  ava i lab i l i ty  o f  new t echn iques  and  
l igands ,  m a y  lie in c o m p a n y  and  un ive r s i t y  archives .  
M u l t i v a r i a t e  analys is  o f  these  tables  w o u l d  tel l  us to 
wha t  re la t ive  ex ten ts  a p r o p e r t y  o f  a p o p u l a t i o n  o f  
mo lecu le s  is or  is no t  a ccoun ted  for  by  its o the r  
p rope r t i e s .  

T h e  p r e s e n t  p a p e r  is t he re fo re  an i nc i t emen t  to all 
those  dea l ing  in l i gand  sc reen ing  (a re levan t  field w o u l d  
be  the  sc reen ing  o f  l igands  to m u t a n t  r ecep to rs )  to 
make  m a x i m u m  use o f  the i r  da ta  no t  on ly  to des ign  
novel  c o m p o u n d s  b u t  to  f u r t he r  ou r  u n d e r s t a n d i n g  o f  
r e l a t ionsh ips  in c o m p l e x  b io logica l  sys tems.  I t  also 
con ta ins  a w o r d  o f  cau t ion .  As  the  sc reen ing  sys tems  
become  m o r e  and  m o r e  'a r t i f ic ia l '  (e.g. use  o f  d iverse  
cons t ruc t s ) ,  i t  becomes  inc reas ing ly  necessa ry  to be 
able  to cor re la te  the i r  i n fo rma t ion  con ten t  wi th  the  
in v ivo  s i tua t ion .  A new gene ra t ion  o f  d rugs  cou ld  be 
inc reas ing ly  t i s sue-spec i f ic  s te ro ids  such as es t rogens  
act ive on  the  vagina ,  bone ,  ca rd iovascu la r  and  cent ra l  
ne rvous  sys tems  b u t  inac t ive  on the  e n d o m e t r i u m .  
I f  scientif ic  e x p e r i m e n t s  are  no t  to be end less ly  
r epea t ed ,  a s imple  s ta t is t ica l  tool  such as mu l t i va r i a t e  
analys is  m a y  b e c o m e  ind i spensab l e  to des ign  the  com-  
p o u n d s  wi th  the  a p p r o p r i a t e  mix  o f  act ivi t ies .  
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