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Cellular Retinol Binding Protein and Breast 
Carcinoma 

Rajeshwari R. Mehta and Gloria D. Hart 

Cellular retinol binding protein (C-RBP) levels were measured in 87 malignant and 18 non-malignant breast 
cancer tissues. C-RBP, sedimenting in the ‘2s region on 5-20% sucrose density gradients, was detectable in 70% 
of malignant tissues examined. None of the non-malignant tissues contained detectable C-RBP. No significant 
association between tumour steroid receptors status, patients’ obesity or menopausal status and C-RBP contents 
was observed. However, patients with stage IV disease had higher C-RBP levels than patients at stages II and III 
(P < O.OOOl), which suggested altered intracellular mobilization of retinol in the tumour, probably as an indirect 
consequence of inadequate nutrient intake. 
EurJ Cancer, Vol. 26, No. 8, pp. 888-891,199O. 

INTRODUCTION 
VITAMIN A and retinoids are important in the growth and 
differentiation of epithelial cells [ 11. Under experimental con- 
ditions, cells deprived of vitamin A are prone to malignant 
transformation [2, 31. Dietary vitamin A deficiency increases 
the frequency of spontaneous and virus or carcinogen induced 
epithelial malignant tumours in laboratory animals [4-g]. A 
synthetic analogue of vitamin A (4-hydroxy-phenylretinamide 
[4HPR]) is effective against carcinogen N-nitromethylsourea 
(NMU) induced tumours in rats [9, lo]. Also, synergistic or 
additive inhibitory action of 4HPR and ovariectomy or anti- 
oestrogen has been reported [lo]. However, reports on the 
chemopreventive action of vitamin A in humans are conflicting. 
Prospective and retrospective studies in humans suggest a 
relation between vitamin A deficiency and malignancies of 
epithelial origin [2, 111. Epidemiological studies on a specific 
geographic population also suggested an inverse association 
between blood levels of vitamin A and risk of developing cancer 
[ 12-161. In contrast, Willett et al. [ 171 failed to observe such a 
relation between risk of developing cancer and blood vitamin A 
levels. Prospective studies on blood levels of vitamin A, B- 
carotene or retinol binding protein (RBP) failed to correlate 
vitamin A levels and development of cancer [ 171. 
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We have studied plasma RBP in premenopausal breast carci- 
noma patients receiving adjuvant chemotherapy. Women with 
lower plasma RBP during the course of chemotherapy had 
tumour recurrence earlier than those who had higher RBP levels 
[18]. No such correlation between plasma vitamin A or B- 
carotene levels and time to tumour recurrence was observed. In 
the present study, we measured cellular RBP (C-RBP) levels in 
malignant and non-malignant breast tissues. We investigated 
correlations between C-RBP status in the tumour and the 
patient’s menopausal, steroid receptor and disease status. 

MATERIALS AND METHODS 
Clinical materials 

Clinical material was available through the cooperation of 
surgeons and pathologists associated with the Division of Surgi- 
cal Oncology, University of Illinois Hospital, and Cook County 
Hospital. Malignant (n = 87) and non-malignant (n = 18) bre- 
ast tissues were obtained from women with confirmed diagnosis 
of cancer undergoing biopsy or mastectomy. Following surgical 
excision, tissues were immediately transported on ice to our 
laboratory, freed from connective tissues and blood vessels, 
and stored at -80°C until assayed for receptors or C-RBP. 
Information about the patients’ age, body weight, height, meno- 
pausal status and clinical staging of disease were maintained in 
the divisional computer system. 

Chemicals 
[3H]-oestradiol (2,4,6,7,3H-N-oestradiol, specific activity 362 

x 10” Bqimmol), [3H]progesterone (17-N-methyl-3H, 322 x 
lOLo Bqimmol) and 3H-retinol (74 x 10” Bq/mmol) were 
obtained fromNew England Nuclear. All assays were performed 
with ‘Tris’-EDTA buffer (10 mmolil Tris-HCl, 1.5 mmol/l 
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Table 1. Steroid receptors and C-RBP in human breast tumour 
tissue 

Steroid 
receptor 
status 

No. RBP’ 
total number 

C-RBP levels 
(pmolimg protein) 

ER’ 
ER 
PR’ 
PRY 
ER’PR’ 
ER’PR 
ER-~PR 
ER PR’ 

35/43 (81%) 
26144 (59%) 
26133 (79%) 
27i44 (61%) 
24i28 (86%)* 

8/12 (67%) 
19132 (59%) 
2!5 (40%)* 

1.83 (0.31,35)t 
1.94 (0.39,26) 
1.62 (0.34,26) 
2.00 (0.38,27) 
1.70 (0.36,24) 
2.33 (0.74, 8) 
1.89 (0.47, 19) 
0.62 (0.63, 2) 

*r < 0.001. 
j-Mean (S.E., n) 

EDTA, pH 7.4, containing monothioglycerol 10 mmolil, 10% 
glycerol and 10 mmolil sodium molybdate). 

Steroid receptor analysis 
Steroid receptors were analysed by the multipoint titration 

method [19]. 0.5-2.0 g biopsy or mastectomy specimens were 
immediately placed in a sterile container and transported to our 
laboratory on dry ice. Tumours were freed from fat and other 
connective tissues and stored at - 80°C then weighed, pulverized 
into powder on liquid nitrogen and homogenized on ice in a 
‘Polytron PT-10’ homogenizer with three 10 s bursts and a 
30 s cooling period between each burst. The homogenate was 
centrifuged at 105 000 g for 60 min at 4°C. Any lipid layer 
observed on the surface was removed with a spatula. 

For steroid receptor analysis, aliquots of supernatant cytosol 
were incubated with increasing concentrations (0.1-5 nmolil) of 
appropriate radiolabelled ligand alone or in the presence of lOO- 
fold excess unlabelled ligand at 4°C for 16 h. To separate bound 
from free ligand, ‘Dextran’-coated charcoal (DCC; 0.025% 
Dextran 0.25% ‘Norit A’ in assay buffer) was used. The radioac- 
tivity in the supernatant fluid was counted and the specific 
binding of ligand was subjected to Scatchard analysis. 

Cellular retinol binding protein 
RBP in the cytosol was analysed on sucrose density gradients. 

An aliquot of cytosol was incubated at 4°C for 4 h with 60 pmol 

0 I 
0 5 10 15 20 25 50 35 40 

Fraction number 

Fig. 1. C-RBP profile on S-20% sucrose density gradient. Cytosol 
from malignant tumour was incubated with 3H-retinol alone (0) or in 
the presence of unlabelied retinol (0) for 4 h at 4°C. DPM = 

disintegrations per min, BSA = bovine serum albumin. 

6- 

.c 6-- 

2 
e 

CL= 
er 4-- 
‘\ “_ 

,z 
a 2-- 

ER+PR+ ER-PR- ER+PR- ER-PR+ 

Fig. 2. Frequency distribution of C-RBP’ tumours in relation to 
steroid receptor status. 

3H-retinol alone or in the presence of lOO-fold excess unlabelled 
retinol. Reaction mixture was treated with DCC for 10 min. 
Following centrifugation, aliquots of supernatant were layered 
on a 5-20% sucrose gradient and centrifuged at 149 000 g for 
16 h. The gradients were fractionated and the radioactivity in 
each fraction was counted. The binding protein was detected as 
a distinct radioactive peak, replaced by the lOO-fold excess 
unlabelled retinol. The radioactivity in the area under the peak 
was used to quantify the binding, which is expressed as pmol of 
ligand bound per mg cytosol protein. Protein contents were 
determined by the method of Lowry et al. 

Tissues containing more than 10 fmolimg protein steroid 
receptors (oestrogen [ER] and progesterone [PR]) were con- 
sidered positive (ER’, PR’). For RBP, tissues showing any 
detectable 3H-retinol peak (in the ‘2s’ region) replaced by 
unlabelled retinol were considered C-RBP . . 

Statistical significance was analysed by chi-squared or t tests. 

RESULTS 
Steroid receptors and C-RBP 

Overall, of 87 malignant tumours, 49% (43187) were ER’ and 
43% (33177) were PR’ . RBP distinctly sedimenting in the 2s 
region on a 5-20% sucrose density gradient (Fig. 1) was detect- 
able in 70% (61187) of malignant tumours. The mean contents 
were 1.77 [S.E. 0.211 pmolimg protein, ranging between 0.03 
to 6.8. None of the non-malignant breast tissues contained 
detectable levels of steroid receptors or C-RBP. 
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Fig. 3. C-RBP contents by menopausal status. Data represent 
values in individual patients (O,@) and also mean (S.E.) in each 

group (A, A). 
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Fig. 4. C-RBP in tumours of obese and non-obese women. 

The frequency of RBP+ tumours in relation to their steroid 
receptor status is shown in Table 1. Overall, 81% of ER+ and 
59% of ER- tumours and 79% of PR’ and 61% of PR- tumours 
were also C-RBP+. The frequency distribution of C-RBP+ 
tumours in relation to their ER and PR status is shown in Fig. 
2. No significant difference in the distribution of C-RBP+ 
tumours was observed in tumours with different steroid receptor 
status. The frequency of C-RBP’ tumours was higher in ER’ 
PR+ than in ER- PR+ tumours (Table 1). 

C-REP and menopausal status 
Patients’ menopausal status was determined from the history 

of occurrence of last known menstrual period for 72 women. 22 
were premenopausal and the remaining 50 were posunenopausal 
(Fig. 3). 17 (77%) premenopausal women and 34 (68%) post- 
menopausal women had detectable C-RBP levels in their tumour 
specimen. The frequency of C-RBP+ tumours and the mean 
concentration of C-RBP were not significantly different in 
premenopausal compared with post-menopausal women. 

C-RBP and obesity 
Patients were considered obese if they weighed over 120% of 

ideal body weight (IBW) according to the height and weight 
table from Metropolitan Life Insurance. Body weight and height 
were known in 45 women: 24 were obese (Fig. 4). The frequency 
of C-RBP+ tumours and mean C-RBP levels were not signifi- 
cantly different in obese and non-obese women. 
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Fig. 5. Frequency distribution of C-RBP’ tumours in relation to 
disease status. 

C-RBP and disease status 
Clinical staging (TNM classification) was determined by the 

surgical oncologists in 75 patients. 43 had stage II and III disease, 
the remaining 32 were in stage IV with distant metastasis. 30 
(70%) of the stage II-III women and 29 (91%) of the stage IV 
women were positive for C-RBP (Fig. 5). The frequency of 
tumours containing more than 2.0 pmolimg protein was higher 
(10% VS. 45%, P < 0.0001) in stage IV patients than in patients 
at stages II-III. Also, patients at stage II-III disease more 
frequently (40% vs. 17%) had C-RBP contents under 0.5 
pmolimg protein than those patients with metastatic disease. 
The mean content of C-RBP was significantly higher (P < 0.01) 
in patients at stage IV (2.35 [S.E. 0.371 pmolimg protein) disease 
than in patients at stage II-III disease (1.18 [S.E. 0.211 pmol/mg 
protein). 

DISCUSSION 

In viva, retinoids or vitamin A mediate their actions via 
three different specific proteins: plasma RBP, which transports 
retinoids to the target sites, C-RBP and cellular retinoic acid 
binding protein, which are probably responsible for intracellular 
mobilization of retinoids at genomic sites, actual interaction and 
genomic regulation of vitamin A function [20]. In malignant 
breast tumours, both RBP and retinoic acid binding proteins 
have been reported [21, 221. However, no attempt has been 
made to establish the significance of C-RBP in the prognosis of 
this disease. On the other hand, increased levels of cellular 
retinoic acid binding protein are associated with histopatholog- 
ically well-differentiated tumours [22]. 

We aimed to assess the physiological importance of C-RBP in 
the clinical representation of breast carcinoma. RBP sedimenting 
in the ‘2s’ region on 5-20% sucrose density gradients was 
detected in 70% of malignant tumours studied, and none of the 
non-malignant tissues contained C-RBP levels. No significant 
association between presence/absence of C-RBP levels or actual 
C-RBP contents and other prognostic factors such as tumour 
receptor status or patients’ obesity or menopausal status was 
found. However, C-RBP levels in relation to patients’ clinical 
disease status were interesting. Patients at stage IV with distant 
visceral metastasis of breast carcinoma had significantly higher 
C-RBP levels than patients with no clinical evidence of metastatic 
disease (stages II-III). In experimental animals, C-RBP levels 
increase when animals are fed diets deficient in vitamin A [ 121. 
Thus, in our study, increased C-RBP levels in stage IV patients 
may reflect inadequate vitamin A delivery at the cellular level. 
Previous studies [18] on plasma RBP in premenopausal stage 
II-III breast cancer patients receiving chemotherapy showed 
that patients with lower RBP had early tumour recurrence 
compared with those with higher RBP levels. Further studies 
on plasma prealbumin vitamin A and total protein levels sug- 
gested that a low level of plasma RBP may be a result of low 
dietary intake of nutrients in patients with advanced disease, 
causing mild protein malnutrition. Data from our previous study 
and the current studies indicate that, in breast cancer patients 
with advanced disease, mild protein malnutrition due to inad- 
equate dietary intake may result in lower plasma RBP levels, 
which in turn results in vitamin A deficiency at cellular levels 
and increased C-RBP sites. Thus, altered vitamin A availability 
at the genomic site may influence the normal differentiation of 
breast cells. 
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