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Abstract

In order to defermine whther low plasma'ievels of
vitamin A were related to increased risk of cancer
recurrence, plasma vitamin A was measured in i03 patients
(54 males, 49 fema%es) who had had colorectal cancer
" surgically removed. According to?the modification'of the
Dukes' clasSification, 66 had R2 tumors (i.e. tumor‘yith no’
nodél inyolvement)} 37 had C tumors (i.e thmor‘wiph
lymph-node metastases).‘ These patienfs were part of theﬂ
Cross Cancer InStitute;Adjuvaﬁt'GI Cohorts who.were on the.
control arms receiving ﬁo further treatment, and had been
followed from 5 months té 6 years after sdrgéry.. At the
time of blood sample collection, they were ‘believed to be
‘free of neoplastic disease. Their resuiis were compared
with 65 (34 males, 31 femaies) apparently healthy control

-~

subjects who were Red Cross_bloéd'donors from various
locations in Northefn Alberta. ’

in additién to vitamin A, plésmq RBP, cholesterol and
cortisol and pfoteins\which are related in ghe metabolism of
this vitamin were also measured. ‘

: /

Results indicated that the-blasma concentrations of
vitamin A were sigificantly lowef in both groups of patients
when compared with the healthy subjects (p<0.001).‘ RBP
levels appeared to be significantly lower'only in Dukes' C
patients. Plasma cholesterol, cortisol, the albumin and

globulin ratio, however, remained unaffected. These

findings appeared to be pérsistent during the follow-up .

iv



s

sfud} Qhen a second biood‘sample was collected less than 1
to 4 months later from‘40 patients. Furthermore, plésma
'_vitamin A , in conjunction with RBP, was found.to be even -
lower in those who qﬁbsequently had cancer recurqenc; than
in those:who femained free of apparent Eancer.' Moreover,
the two bétients who had died of the diseasé.during the
study exhibited severely low valﬁes.éf both plasma Qitamih A
and RBP. The significance of these resuits will be

discussed.

A . : . . R
. M . R .
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Chapter‘1
INTRODUCTION

Thg crucial role of vitamin A (retinol) in the control .
of cellular diffefentiation in epithelial tissues has long
been recognized (Moore, 1967). Vitamin A and its analégs
(retinoids) have been under study in recent years both as
inhiBitors of carcinogenesis and as potentiél anti-tumor
agent;Q "Their ability to inhibit chemical carcinogen
induced epithelial cancer of the skin,‘lung, bladder, and
breast in experimental animals is well documented (Sporn et
al., 1976; Sporn, 1977). .

Subnormal levels of plasma vitamin A have also been
implicated as a'boséible cause of epitheiial cancers of the
lung, oropharynx, bladder. and gastrointestinal tract in
humans by both epidemiological and biochemical studies.

Most of these studies of the hypbthesis have relied on
results in blood samples‘after the diagnosis of cancer.
Although récent prospéétive studies have indicated that low
plasma retinol levels are associated with inéfeasgd risk of _
developing cancer (Wald et al., 1980; Kark et al.,\1981(
Haines et al., 19825, evidence for a relationship betweeA m
vitamin A and subsequent cancer recurrence in patients who
had undergone 6ura¢ive surgery is virtually non-existent.
This is the underlying motivation towards the initiation of

~

the present study.
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~ 1.1 Background Information

1.1.1 Functions Of Vitamin A

.Vitamin A occurs physiologically as the alcohol
(retinol), the aldehyde (retinaldehyde), the acid (retinofe
acid) and the ester (retinyl ester). Sporn (1976) has coined
the term "retinoids" to describe all moieties of vitamin A
molechles..

Vitamin A has a number of important functions in the
body. It is necessary for visipn, bone development,
reproduction, and normal differentiation of epithelial
tissues. These functipns are mediated by the aifferent
forms of the molecule. The biologically active form in
mamﬁalian tissue is all—tréns retinol thch can be oxidized
to the aldehyde, retinal,, wgich is involved in the visual -
cycle (Walgd, 13§§). This is a reversible reaction, as°
retinal can also bg converted by the body to retinol.
Oxidation of retinoigélso produces irreversibly retinoic
acid which is capable of‘promoting growth and
differentiation of epithelial tissues, but‘it is not active

~in vision (Dowling & Wald, 1960) and reproduction (Pawson,

1981; Thompson et al., 1964).

1.1.2 Vitamin A and Epithelial Structures
Of all the functions mentioned‘above, the most‘profouhd
effect of vitamin A is itf ability in controlling the normal

differentiation and maintenance of epithelial tissues (De



Luca et al., 1972). .The functlonal and structural 1ntegr1ty
"'»’

‘of epithelial cells throughout the body 1is dependent upon an

adeguate sqpply of vitamin A.. If this vrtam1n,15~def1c1ent,
differentiation switches in the:pathhaleeadinéhto
keratlnlzatlon of sguamous metap1351a (Flg ﬁ.1)" During
the process of . Squamous metapla51a, mucons membranes change
from a single layer of mucin-secreting and ciliated

epithelium to moltiple layers of epithelial cells, with

overlying keratln resembllng those of the sk1n (Moore, 1967;

I
{

Toyoshima &- Lelghton 1975)
The mode of action ‘of vitemin A in normal epithelial
differentiation and maintenance of the mucous membrane is
not well defined. It is believed that retinoic ecio is the
major biologically active form of vitamin A in somatic.
epithelial cells, where the vitamin influences cellular

differentiation (De Luca et al., 1971), while retinol is the

~stabilizer of biological membrances (Roels et al., 1969).

Epithelial tissues that depend upon retinoids for

normal cellular differentiation and growth account for over

half ¢Z the total primary: cancer in both men and women.

Epithelial cancer includes sguamous metaplasia and carcinoma

of a wide var® *ty of organs and tissue sites in the body

(Table 1.1).
1.1.3 Vitamin & et ‘sm
DietaryAvjtami* . ~v1.ts ~ither as retinyl esters or as

the provitamin B-crr-c.: m ~ers of retinol are hydrolyzed
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N
by specific esterases before retinbl can be absorbed by
intestinal mucosal cells (Ganguly, 1969). 1In contrast,
B-carotene is first absorbédlgnd then enzymatically cleaved
to givé‘two retinol molecules which éfetin turn réducéd to
retinol (Goodman & Huang, 1965}. Beforé retinol cén leave

- the ihtestinal mucosa, it must Se esterified with long chain
fatty acids preferentially palmitic acid. The resulting
‘retinyl esters then pass into the lymphatics and are
;;ahsported as chylomicrons to the bléod from where they are
taken up and stored by the liver (Huang & Goodman; 1965}
Goodman et al., 1966). Eighty to ninety percent of the
stored vitamin A in the human body is located in the liver,
but substantial amounts are élso‘found in the kidney and fat
tissues and lesser amount in the plasma, small intestine,
lungs and'adrenals.lln all tissues, retinyl esters are the )
"major storage form. In contrast to tissue stores, over 90%
of the plasma vitamin A Sccurs as retinol (Underwood, 1974;
Mahadewen et al., 1965) (Fig. 3.2). .

The mobilization and transportation of vitamin A from
liver storage requires hydrolysis of the retinyl esters
followed by conjugation of the free retinol with a specific,
20,000 molecular weight transport protein — retinoi-binding.
protein (RB?) produced‘by the liver. The holoprotein is
then released to the ciféulation where it binds to
preaibumin as a 1:1 mo:.r complex. The resulting complex

transports retinol to target organs (Goodman, 1974; Peterson

N\
et al., 1974).
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.
Rask and co-workers (1976) using isolated intestinal
mucosal cells showed that the cellular uptake of retinol is
mediated by a receptor. The mucosal cells readily
accumulate labelled.retinol from its complex.with RBP
w1thout concomitant cellular uptake of the protein itself.
The membrane receptor seems to recognlze ﬂie prote1n rather

.than the retinol. During the uptake of the retinol, an

altered form of RBP is generated, which dannot bind retinol

and consequently prealbumin. It differs from HOlO‘RHP, in

v

that it lacks the terminal argininefresidue. “Heller and
Cheﬁ (1977l using. isolated pigment epithelial cells from
bovine retina and labelled REP also showed that the binding
was at the cell surface without penetration of RBP into the
cell, Therefore RBP is not only 1mportant for the transport
~of retlnol in the blood but is also an 1ndlspensable e%tl
for recognltlon by the target cells and consequently fog

fpenetratlon of retinol through the plasma membrane.

1.1.4 Selected‘Characteristics‘Of Vitamin A In Man .

Serum vitamin A is not in simple equilibrium.With hody
stores and there is little relationship between serum and
liver levels of vitamin A (Underwood 1974- Meyer et al.
1942). Plasma levels of v1tam1n A thus do not provide a -
reliable 1ndex for predlctlng the v1tam1n A tissue levels.
When dietary supplies are 1nadequate, liver stores are
utilized to maintain a relatively constant blood level until

stores. are nearly exhausted, when this occurs, plasma levels

\
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drop rapidly. 1In the absence of febrilg'or liver.disease or
protein malnutrition, it isxpossible that very low blood
levels reflect depleted tissue reserves. However, acute
infections and febrile disorders are associatéd with a
transient reduction in plasma levels of vitamin A but liver
stores are notAnecessarily depleted. Stress, in the_form'of
inféctioﬂ'o; emotional factors, may influence piasma lévels
by decreased mobilization o hepatic stores, incfeased
céllulag need and incr?ased renai loss (Unde;wéod, 1974).
Géstrointqstihai disturbances which hinder the absorption of
fats may beyassociated with decreased lev%ls of vitamin A
(Mahadeven et al.,1965).- In contrast,;elkvated plasma and
liver levels of vitamin A.océur.in‘thé nephrotic” syndrome
and may reflect a de;reasedfprinary loss and deéfeased
cétabolism by the kidney (Underwood, 1974)',‘

Systemic data relating blood levels of vitamin A with
1e€éls of intake and with evﬁdence of tissue deficiency in
adults is limitﬂd. e . - ”'

| During proionged controlled depletion experiments with“
vitamin A ca:ried out in human beings (“renner & éobérts,
1943; Wald et al., 1969), the serum carotene levels
' decreased fairiyvfapidly in thg eérly part of Vitémin A
depletion, while the serum vitamin A'level% were-resistant
to chéhée. It was noted that serum vitamin A levels are
‘highly char#cteristic of the individual and less

characteristic of vitamin A intake, whereas the plasma

carotenoid levels differed little‘améng'indiﬁiduals on

J N
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sihilar intake. In the classic Shef;ield Study in World War
I1 there was no sié%ificanp difference between the plasma
vitamin A levels of thégdeficient and the normal controll
gféups even after the deficient group had been on
approximately zero vitamin A intake for over one year (Hume
& Kreb%,.194§),‘ In the few cases in which decrease in
plasma vitamin A was.actuaily foﬁnd, it occurred oﬁly aﬁter
signs of an acute deficiency hadahappehed. In summary, it |
appears that the finding of low serum carotene levels
reﬁléct_low intake, but that serum vitamin A levels may
¢haracteriie individuals rather than reflecting intake.

Age and séx diffefences have been described. Males
abﬁear to have higher serum vitamin A levels than females
ar roung children have lower serum levels th do adults.
‘Serum carotene levels. are reportgd’to.be gr er in adult

females than males (Pearson,’ﬁQ&?). Evidence in this regard -

is apparently sparse and not systemic, [
. Y \
|

1.1.5 Retinol And Carcinoma: Animal Studies

A connection between vitamin A and cancer was detected
as early as 1926, (Fujimaki) when Lhe developmentvof
. carcinomas was found in rats fed on a vitamin A deficient
diet. However, only r_ecentJ#Héve there been intensive
efforts to investigate the:possible.rol; 6f vitamin A in
relation to epithelial cancer. B

Experimental studieSrhave revealed that vitamih A

deficiency 'is related to cancer of the stomach, nasopharynx,



11

lower respiratory tract and lendocervix which are lined by
glandular epithelium (Saffiotti et al., 1967; Chu &
Malmgren, 1965). Vitamin A deficienhcy may change the - s
glandular epithelium td'squamdus and whenever such "sqﬁamoush
metaﬁiasia" occurs, ?here are groﬁnds,for suspecting
increased risk of cancer development.

Convincing evidence of the significance of vitamin k in
~protecting against cancer has come from experimental studies
in which tissues in organ culture or in intact animals are
exposed to carcinogenic polycyclic'aromatic hydrocarbons
(PAH) to develop squamous. cancer. Furthermore, a number of
studies have shown that systemic prophylactic administration
of vitamin A in its ester, alcohol or acid?form, both before
and after exposure to various chemical carcinogens
(3;methylcholanthrene, B-MC; benzopyrene’; BP:
dimethylbenz[alanthracene, DMBA); inhibits the induction of
metapiasia'qnd carcinomas in various sites. Thus vitamin A
protected rats against the early development of sguamous
neoplasﬁs in response to 3-MC given by endo-tracheal
instillation (Cone & Nettlesheim, 1973). Retinoid
administration reduced the‘development of squamous
metaplasia and carcinomas in rodents subjected to
intra-tracheal administration of carcinogenic polycyclic
hydrocarbons (Saffiotti et al., 1967). Supplemental vitamin
A has been reported to prevenf cancer of the forestomach and

cervix in hamsters treated with polynuclear aromatic

hydrocarbons (Chu & Malmgren, 1965). Vitamin A also
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’

inhibits squamous metaplasja»induced by BP in organ cultures
of hamstérvtracheas (Crocker &ﬂSanders, 1970) .-

The prevention of epitheligi‘cancer by retinoids was
demonstrated by Bollag (1975) using the classical two—stége
skin carcinogenesis system. 1In this study, topical
applications of thgf omoter, croton oil, induced benign
papillomas which p;ggreésed to carcinomas. Oral retinoic
acid, administered during the promotion phase, delayed the
appearance, retarded the grpwfhu.and led to regre;sion of
papillomas. The appearance of,cércipomas waS also delayed
and the incidence reduced. Morevrecently, several
experimental studies have included the inhibition of lung
tumors in hamsters given intratracheal benzopyrene (Port et
al.; 1975) by oral 13-cis-retinoic acid (a synthefﬁc»
‘retinoid analoé) and tﬁe~protection of rats against
DMBA-induced breast cancer by oral retinyl methyl ether
(Grubbs et al., 1977). |

' There is also evidence that carcinogens are more potent’
in vitamin A deficient animals. Various carcinogens bind
mor - :ightly to,DNA in cultured tracheas from hamsters fed ©
on a vitamin A defiéient diet tqan from healthy animals
(Genta et al., 1974). In the absence of vitamin A intake,
the susceptibility of rats to pulmonary carcinogené was
increased even in the presence of substantial liver stores

of vitamin A and in:the absence of deficiency symptoms

(Nettlesheim & Williams, 1976).

o
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Squamous metaplasia appears to occur as an early
phenotypic change following exposure to a carcinogeﬁ. The
similarity in appearance of the histological change of
retinol deficiency and a carcinogen-induced squamous
metaplasia leads to speculation that the two condigions are
similar in more fundamental ways, namely, a) that a |
retinol-deficient epithelium is more prone to malignant
change either "spontaneously" (i.e., without applicatign of a
speqific_carcipogenic agent) or in response to a carcinogén,
and b) that retinol may reverse the eafly metaplasic changes
induced by carcinogens and so inhibit or delay the
appearance of carcinoma.

Indeed, animal studies have demoﬁstrated thét retinoi
deficiency increases susceptibility to chemical
carcinogenes;s in the respiratory system (Nettlesheim et
ai., 1975), skin (Davies, 1967), bladder (Cohen et al., |
1976),tand colon (Newberne & Rogers, 1973a). Small amounts

of retinyl acetate or palmitate in the diet appear to

abolish this enhanced susceptibility. Large doses of the

natural retinoids have been reported to provide additional

\
protection against carcinoma of the trachea and bronchus
(Saffiotti et al., 1967), esophagus, stomach and intestine

(Chu-& Malmgren, 1965), lung (Cone & Nettlesheim, 1973) and

breast (Moon et al., 1977).
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1.1.6 Vitamin A And Cancer In Man

Although evidence based on laboratory animal models has
become increasingly voluminous, information relating to
humans is sparse. Nonetheless, the evidence to éupport a
link between vitamin A deficiency and cancer in man comes
from two soufces‘— epidemiological studies of dietafy‘intake
and cancer incidence and biochemical studies involving
comparison of serum vitamin A levels in cancer cases and

controls.

1.1.6.1 Diet And Cancer Incidence

A number of studies have associated a relative
deficiency of vitamin A intake with an increased risk of
lung cancer. In 1975, Bjelke reported results of a
five-year follow-up study involving 8,278 men who had
responded to a questionnaire on their smoking and
dietary habits. An index of vitamin A intake,
essentially Eased on reported consumption of carrots,
eggs and milk, was negaf&vely associated with' lung
cancer incidence at all levels of cigarette smoking.
The Pelative risks (RR) of lung cancer for a low vitamin
A index were greatest in heavy smokers (RR=2.86); less
for light smokers (RR=2.27) and close to unity for
non-smokers. The overall RR was 2.63 (p<0.01). Higher
risks were found.when incidences of histologically
confirmed carcinomas — other than adenocarcinomas — were

compared.
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More recently, Hirayama (1979) reported results of
a 10-year follow¥up study involving 2,417,844 Japanese
who had'}esponded to questionnaires as to their diet and
smoking habits. Eight hundred and seven deaths from
lung cancer were recorded, the RR was found to be
reduced'by half in those who consumed green-yellow
vegetables daily as compared to non-consumers. The
consumers of green-yellow vegetables showed lower risk
'of lung cancer in both smokers and non-smokefs, and this
was true for both males and females. A similar report
was~made by MacLenﬁ;n and his colleagues (1977) who.
found in a case-control study that low coﬁsumption of
green vegetables was related to lung cancer in both ‘
sexes. The estimated-risk of low versus high vegetable
intake was 2.23. _
A research'groupL at the ﬁoswell Park Memorial
Institute in the United States, conducted a number of
" studies concerning vitamin A intake and cancer. Thesé
“-studies indicated that individuals with a lower vitamin
A intake.had a higher incidence of cancer of the bladder
(Mettlin & Graham, 1979), 1u$g (Mettlin et al., 1979),
and larynx (Graham et al., 1981). One of the
case-control studies they have conducted was the
association between'vitamin A intake and the RR of lung
cancer (Mettlin et al., 1979). Retrosbective dietary and

smokihg data were collected from interviewing 292

- patients with lung cancer and 801 control patients, who
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had neither cancer nor disease of the respiratory

system, during 1957-1965. Vitamin A intake was

"estimated from interviews with patients as to their

usual frequency of consumption of 21 differeﬁt.food

items which were considered to be rich in vitamin A

during the 12 months prior to the onset of sjmptoms.

The vitamin A content ok the diet was calculated using

the U.S. Department of Agriculture tabfés,of food values
 (Watt & Merrill, 1968). The Mantel;Haeﬁsggg (1959) aée—“\

.and smoking-adjusted RR for these patients with a lower /

vitamin A intake was 1.7 times greater than the controléw/
(p<0.05). Increased risk of bladder cancet together
with'a low index of vitamin A intake has been reported

by Mettlin and Graham (1979). Over five hundred bladder
cancer patients were compared with at least one thousand
age-matched controls, and a RR 6f 2.07 (p<0.01) vas
obtained for those.with a low versus high vitamin A

index. Milk and carrot intakes were_ the maidr soufces

of ascertained vitamin A intake.

These studies present a consistenf pictﬁre as to
the rélationship between low vitamin A intake and
increased RR of cancers of epiﬁhelial cell origin. 1In
most of the studies, specific intefest in vitamiﬁ A
arose only after completion of an invéstigation
undertaken for reasons unrelated to vitgmin A status, so

that only some of the food sources of vitamin A were

investigated, such as milk, carrots and green-yellow
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veéetables. The om]ssions of foods, such as liver,
fortified margarine and any vitamin suppléments used may
have resulted in an underestimation of the RR for
vitamin A. Therefore, it is ofnpa:amount importance
that the evidence of the associat}on between vitamin A
intake and cancer be sugsténtiafed by biochemical

"assessment of vitamin A status.

1.1.6.2 Plasma Vitaﬁin A Levels And Cancer - Clinical
Studies

Subnormal  plasma vitamin A has been observed in
cancer of sbhe epithelial tissues such as
gastroinﬁestinal (GI) tract (Abels et al., 1941),
bronchus (Basu et al., 1976), oropharynx (Ibrahim et
al., 1977) and lung (Atukorala et al., 1979);
Comparisons of the plasma retinol levelsvbetween control
patients and newly diagnosed cancer patients in.both
| developed and developing countries, such as Britain
(Basu et al., 1976} Atukorala et al., 1979),'Uniteé
States (Abels et al., 1941; Cohen et al., 1977); India
(wahi, 1962), Pakistan (Ibrahim et al., 1977) and East
Afriéa (Clifford,o1972), have revealed lowef retinol
levels in cancer patients than, in controls.

In a study of 17 cases of nasopharyngeal carcinoma
in East Africa (Clifford, 1972), levels of both plasma
vitamin A and carotene were significantly lower in those
with cancer than controls (p<0.05). 1In the study of

"~ oral and oropharyngéal cancers 1in Pakistan by Ibrahim et
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al. (1977), the plasma retinol levels Qere highly and
significantly lower (by 50%) in‘203 cancer patien-:s than
in 112 controls. Wahi et al. (1962) found the same |
trend in India. A case-control study by Basu et al.
(1974) involving 35 hospitalized terminal cancer
patients and 10 non-cancerous hospitalized controls
showed a linéar relationship between serum cholesterol
and vitamin A. Both parameters wefe low in th& cancer
patients., A study involving 28 newly diagnosed cases. of
. bronchial carcinoma, 10 healthy coﬁtrols and 9 patients
wiﬁh non-malignant brgnchial disease showed that the
bronchial carcindma‘patients had vitamin A levels
substantially and significantly lower than in tﬁe
controls (p<0.01) (Basu et al., 1976). In 1941, Abels
et al. reported a case-control §tudy of hospitalized
cancer patients includiﬁg 51 GI (28 gastric, 18 rectal,
and 5 esophageal cancer), 48 leukemia, 21 Hodgkin's

" disease, 9 pancreas, and 6 bone sarcoma-patients.; All
of these patients had mean blasma vitamin A levels

~appreciably lower than a selected sample of healthy

. controls. '

In recent years, there have been reports suggesting
" that lower vitamin A may predispose an individual to a
higher risk of cancer (Kark et al., 1981; Wald et al.,
1980; Haines et al., 1982). Kark and W;ld analyzed the

total retinol levels in stored blood samples, taken for

unrelated research purposes from people living in thé

4
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U.S. and U.K., who were apparently free of cancer at
that time; In both of these studies, people with total
blood retinol levels néar the ﬁop of the normal range
were at significantly lower risk of developing cancer -
over tﬁe subsegquent féw‘yea;g than those with levels
near the bottom of the normal range. Kark et al.
followed a total of 3,102 individuals (both blaéks and
whites) in Evans County in Georgia for 12 - 14 years.
Biood samples were taken upon entry to the study, and
were stored at -20°. One huhdred and tﬁenty—ning new
cases of cancer developed over the 14 years,'ana 85
persons survived until the end of the study. The
results from'this study indicated that those with low
plasma retinol values had a six-féld increased risk of
developing-cancér in subsequent years. This association
was independent of age, smoking habits and plasma
cholesterol. |

The retrospective study conducted by Wala et al.
involved 16,000 males, aged 35 ~ 64 years. Theée people
attended a research centre for a ;omprehensive
health-screening examination between M;rch, 1975 to
December, 1978. Blood samples were taken and the sera
were stored at -40°C. By the end of 1976, 86 men had
developed cancer. Controls were 172 males chosen from
the remainaer study.population who were alive and

without cancer. Mean retinol for all cancer patients

was significantly, lower (p<0.025) than for controls with
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the difference being greatest for GI and lung cancer.
RR of cancer associated with retinol levels at the
lowest‘quintile was 2.2 times that in the highest
guintile. These authors suggested that plasma ret1nol
- levels may have a predlctlve value for subsequent

cancer.

1.2 Conclusion And Plan Of Present Study

Both retrospective and prospective data have
consistently provided evidence that.vitamin A deficiency may
be associated with metaplastic changes in epithelial
tissues, especially in GI, respitratory and urogenital
tracts, and that these changes may later.progreés to
- neoplasia. Studies on experimental animals have indicated
that such changes may even be reversed by natura; and
synthetic retinoids.

The assdciation between vitamin A énd epithelial cancer
in man is also ev1dent from the results of epldemlologlcal
studies. Studies of both dletary intake and serum levels
have shown an inverse relatlonshlp between vitamin A and theA
vincidence of‘éancer, thus, implicating the significénce of
vitamin A status in the prediction of cancer risk. A
majority of the studies reborted in the literature hagg been
concerned wiéh\cancer‘of the lung. Reports'én‘human
subjectS‘with‘colorectal cancer alone are scanty. However,_
expér1mental studles with anlmals have revealed an 1ncreased

incidence of dlmethylhydraz1ne (DMH)-lnduced colon carcinoma
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w

' in rats-deficien; in vitamin A (Newberne'et al., 1993b), and
that a marginal dietary level of vitamin A not oniy enhanced
liver cancer in rats exposed tb aflatoxin B, but resulted in
a 29% incideﬁce of colon cancer as well (Newberne & R&gers,~
1973a). 1In view of the fact' that colo:ectal cancér is a
disease which has a high incidence in the humans, as well as
a pdﬁr survival rafeb it is of paramount importance thak the
relatioﬁship between vitamin A and colorectal cancer be
studied. | |

The present study was undértaken to investigate the
plasmé levels of vitamin A and_thé factors involved in its

metabolism in patients with colorectal cancer who appeared

to be disease-free after surgery.



Chapter 2

‘ ' METHODOLOGY

2.1 INTRODUCTION /

In Canada, the incidence of gastrointestinal (GI)
malignancy is second only to skin‘cancer, and the mortality
rate is second only to cancer of the lung. ngrall it is
the‘second most fatal cancer for men and women, and it Has
been estiﬁated that, each year, about .15,400 Canadians will

——

be afflicted with\gﬁis malignancy (Lim,1979).. By far the
mést common GI ma%fgnéncy is colorecgal carcinoma which
accounts for over\ﬁgz ofvthe\?ew cases. Only 41% of all
detected colorectal ca re in a localized stage, i.e:
without noddl involvemenf.\§The five-year survival for ,/\
localized colorectal carcinoma\is over 70% versus 40% for
advanced lesions. (ACS, 1975).
The average incidence rate for c&idtectal cancer for
1976-1980 in Alberta was 31.2 and 30.5/100,000 for men and

women, respectively. The average mortality rate was 15.8 5

and 16.1 for‘ﬁen and women, respectively (PCHB, 1981a3b\‘In

1980 alone, 256 new cases and 131 deaths for rectal cancer -

and 417 new cases aﬁd 202‘deaths for coidn cancer were
reported out of .a population of 2.14 milliéh (Eig; 2.1)
(PCHB, 1981b). Thus about 50% of those developing

colorectal cancer will diebof it. Most of\these déaths

occurred in patients with bowel plus regiodal node

involvemert and/or metastastic spread (Carter, 1976).

22
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A 10-year follow-up of 487 cases of colorectal cancer
at the W. W. Cross Cancer Institute (WWCCI) in Edmonton,
Alberta showed an over-all five—yeér survival ofA35%
(McCarten, 1973). sAccordingly, with this dismal survival
figure, an‘ongoiné randomized, proépecti;e surgical adjpvant
GI trial involving Dukes"BZ and C colorectal careinoma and
gastric carcinoma was initiated in 1976 at the WWCCI.
Patients entering into this trial were randomly assigned
into one of the three greups, namely :

1. control, i.e. receiving no adjuvant treatment,
2.  immunotherapy (BCG),
3. chemo-immunotherapy (MeCCNU, 5-Fu, BCG).

All patients considefed for the study were entered as
randomized only 1f 1nformed consent was glven»- Patients
were ineligible 1f they had had pre operatlve radlotherapy,
ghemotherapy or immunotherapy within the previous year. The
main assessment of the trial is survival which will be |

calculated for each pétient allocated from the date of

-definite resection.

The present study was an integrel part of ehe WWCCI
trial. The main obﬂectiyelgf the study Qas\to focus on the
relaﬁionship between vitamin A and the recurrence of
_ colofectal cancer. Theehypotﬂesis.to be’tested was whether
lower plasma’vitamin.A is‘associated:witﬁpincreased risk of
cancer reeurrence. In addition to vitamin A per se, ﬁBP,

9

cholesterol, cortlsol and protelns were measured The

3
is outlined

[

-

rationale for the inclusion of these parameters

[}
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below : —-

The plasma_levels 6f vitamin A may be affected by the
concentration of the circulating carrier protein. Vitamin A
is transported in .the blood associated-with a specific .
protein, RBP which is in,QEEp bound to prealbumin.and |
ci:éulates as a 121 molar complex. It is possible,
thérefore, that low circulating levels of the vitamin could
be due to a decreased availability of the carrier protein.

The absorption of\vitamin A and its precursors may be
affected by impaired fat absorption from the gut. Since
cholesterol is alsoia fat soluble subétance, the measurement’
of tgis parameter may provide some hints as to the
effic&ency of absorption of this vitamin. Moreover, current
theories regarding cancer causation have generated interest
in plasma cholestercl levels as potential‘causalvféctors"in
the genesis of codon cancer. Recently, the relationship
between~cholesterol and cancer has 5é¢ome both acute and
controversial. Some investigators reported a significant
link betwgeh low cholesterol levels and subsequent cancer
(Rog% et al., 1974; Williams et al., 1981; Peterson et al.,
1981; Kagan et aT, 19§i; Garcia-Palmieri et al., 1981) while
others hé%e not founéisuch an association (Dyer et al.,
1981; Kozarevig:et al., 1981; Thomas et al., 1982). Most of
these repérté have come'from‘studies originally designed to
identify factors which precede the appearance of coronary

. heart disease. Therefore, the measurement of plasma

cholesterol in this study may add more information to this
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controversial issue.

Stress 1s known to increase the Vitaﬁin A requirement
by increasing its degradation mediated by the secretien of
adrenocorticotrophic h one (ACTH) which is antagonistic tq

[ vitamin A. The presence of tumor cells could be considered
as a'state of stress, which mﬁy lead to the outpouring of
ACTH, this may in turn cause a loss of vitamin A by
favouring its elimination from the body.

Varibus studies have indicated that depressed plasma
vitamin A levels may be aésociated”with.protein\deficiency;
Several workers have deﬁbnstrated a decrease in plasma
vitamin A levels in children with protein-calorie
malnutrition (Smith et al.h‘1973a; Ingenbleek et al., 1975).
Moreover, shpplying calories and protein without
supplemental vitamin A resulted in a clinical'cuée of the
yitamin A deficiency symptoms and a significant rise in

'vitamin A in the blood (Smith et al., 1973a). Malnuﬁrition
is often seen in patients with advanced_halignant disease
(Theologides, 1977), therefore,iiﬁlis possiblé that the
decreqsed vitamin A leveis may be a manifestation of
gerieralized nutritional deficiency and not merely a
deficiency of vitamin A. : BN

A classical cohort study in which plasma vitamin A})
levels Qere‘examined in the total poéulation and followed
them in a prospective fashion.-for the development of cancer
would be desirable.- However, such a design would be

expensive. and lengthy. Therefore, the present study

N 7
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!

addressed the question more economically by using patients

. already being followed as part of a clinical trial.

by
R
o

2.2 STUDY POPULATION

2.2.1 Patients

" A total number of 103 patients who were on the control
arm of *the WWCCI surgical adjuvant GI trial was assigned to
this study. They were admitted to the WWCCI between
February, 1976 énd January, 1982. All thése patients had
previously undergone curative resections of histologically
proven colonic and rectal adenocarcinomas. Sixty;éik
patgénts had Dukes' B2 tumor and 37 hac Jukes'C tumor.
Surgical-pathologic staging, based on the deptﬁ of
penetration of carcinoma of thé colon or rectum, conformed
to a modification of Dukes' Classification (1932) : a Dukes'
B2 tumor involves the full thickness of the bowel wall but
no nq@al involvement, and a Dukes' C tumor has regional
1ymph;hode métastases. At the time of diagnosis and
surgery, the mean age of the entire group was 62.6 + 1.3
years, with a range between‘23 and 80 years. Ninety~ei§ht
and one-tenth percent of the patients were over 40 and 1.9

percent below 40 years. Fifty-four of them were men and 49

were females, with a male : female ratio of 1.1, : 1 (Table

2.1).
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2.2.2 Controls

Sixty-five apparently healthy subjects who were Red
Cross blood donors from various locations in Northern
Alberta (both urban and rural) formed the basis of the
controls of this study. Their mean age was 46.5 + 1.4
years, with a range between 23 and 65 years. Seventy-two and
three-tenths percent of the cbntrols were over 40 years and
27.7 percent below 40. Thirty-four were men and 31 were
lfemales, with a male : female ratio of 1.1 : 1 (Table 2.1).

One may argue that a better set of controls would be
patiénts without malignan% disease who had undergone large
bowel surgery. However, the surgical operation itself may
leavé the patients with a reduced capaéity'to absorb
nutrients. This would make the evaluation of the results
'difficuit, therefore, healthy subjects were used as
controls, Although such subjects were not an ideal
"control" group, their biochemical values provided normal
~values for compérison with the results from the cancer
patients since the same| methods were empioyed‘in determining

the various indices for both groups. T

2.3 BIOCHEMICAL MEASUREMENTS
All biochemical measurements were performed blind, i.e.
the classification of the patients and their clinical

characteristics were not made known during this phase of the

study.
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’ |
2.3.1 Sample Collection’

Non-fasting blood samples (10 ml heparinized Blood from
each patient or donor) yhich were drawn at 10.00 a.m.
everyday, were collected from the WWCCI Clinfc and the Red
Cross Blood Transfusion.Clinic from October, 1981 to |
February, %982.. The collection tubes were wrapped Q?Eh foil
during trahsportation from the clinics to the labbratory& -
thus minimizing the loss of vitamin A , since this vitamin
is extremely sensitive to and will be destroyed by light:
The tubes were centrifuged at 2,000 rpm for 10 minutes in a
Sorvall Superspeed RC 2-B Automatic Réfrigerated
Centrifuge. Plasma samples were sepafated and stored in
tubes, wrapped with foil at -35°C until analysed. The
analyses for vitamin A and other biochemical parameters were
carried out six months to one year after the collection of
the samples. |

The effect of long-term storage on vitamin A constancy
and estimation is definitely of great concern since repeated
freezing and théwing may possibly affect plasma vitamin A
levels. One study showed that after 4 1/2 months of storage
at -20°C there wés\no sigﬁificantvchange in vitamin A
content (Bessey et al., 1949). More recently, the study of
Kérk et al. (1981), using the Evans County sera which had
‘been stored for. a period of 14 - 16 years, inaicated thatF
repeated thawing and refreezing had no recognizable affect

on vitamin A content.
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™,
2.3.2 Determination Of Plasma Vitamin A

Vitamin A was determined by a modification of the
fluorometric method of Hansen and Warwick (1969). They
measured the fluorescence of vitamin A at an exgitation
wavelengfh of 340 nm and an emission wavelength of 480 nm.
However, there was considerable interfefence from
carotehbids at this wavelength (Thompson et al., 1973;
Steveninck & de Goeij, 1973). Steveninck and de Goeij
suggested the measurement of fluorescence at an emiésion
wavelength of 550 nm, where'interference from ca:oténoids is
@irtually zero. Therefore, the fluoreScencé in this study
was measured accordingly at an emission wavelength of 550
nm. The intensity'df fluorescence increased linearly with
concentration (Fig. 2.2) and there was no interference from
carotenoids. |

All the preparatioﬁ and measuring procedures were
perfofmed.in dim light since vitamin A is sensitive to-1light
at certain wavelengths (Bessey et al., 1946).

All-trans retinyl aéetate (Sigma) in absolute ethanol
was used as the standard for yitamin A (range}: 0.5 - 2.0
mcg/ml). The acetate form was used because of its greater“
stability and comparable fluorescence with vitamin A alcohol
(Hansen & Warwick, 1969).

,Aliquots (0.2 ml) of plasha were pipetted into 15 ml
Sovril tubes fitted with teflon lined screw caps. The same
volumes of distilled water or standard were used instead of

plasma in the blank and the‘standa;d, respectively. - One
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milliliter of distilled water was added to each tube and
mixed and 2.0 ml of absolute ethanol was added slowly, wfth
mixing, to précipitate proteins. bFive milliliters of High
P;essure Liquid Chromatography (HPLC) grade hexane was then
added. The tubes were capped and mixed for 30 seconds on a
vortex miker to ensure complete extraction of vitamin A from
the agueous ethanolic phase to the hexane layer. The tubes
werg then centrifuged at 2,500 rpm for 5 minutes. .The upper °
‘hexane layer was removed and transferred into a fluorometric
cell bylusing a Pasteur pipette and its fluorescence was
measured jn a Perkin Eimer 650-10S Fluorescence
Spectropho€bmeter.

All plasma samplés were measured in™riplicate and the
average reading was used to calculate the plasma vitamin A
(retlnol) content using a conversion factor of 0.3/0.344
since retinyl acetate was used as the standard in the
" analyses. Plasma samples were divided into 27 batches, 8
samples in each of the first 23 batches and 9 sahples in
each of the last 4 batches. ~Two batches were ruﬁ on each
day,'except for the last day&when only 1 batch was run. A

standard (1 mcg/ml) and a blank were included in each run.

'2.3.3 Determination Of Plasma Cholesterol

The method of Watson (1960) was employed in the
determination of plasma cholesterol. This procedure is a
colorimetric assay in which the.reagent 2,5-dimethylbengene

sulphonic acid replaces p-toluene sulphonic acid in the
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method of Pearson et al. (1953). ~All reagents used were of
analytical grade. Pure cholesterol (Kodak) dissolved in

// S i’
glacial acetic¢ acid was used as the standard (range : 1 - 4

mg/ml).- The intensity of therabsorbance increased linearly

R T—

with concentration (Figqg. 2.55. o

Aliquots of,O.jﬁml of plasma were placed into tubes éf-
approximatélx 2 cm’diameter in order to facilitate mixing,
0.1 ml of diétilled water and standard (4‘mg/ml) were also .
'set up for the blank and standard respectively. One-tenth
of a milliliter of glacial acetic acid was added to the

plasma and the'blank, but 0.1 ml of distilled water. was

r

: o e AN : _
added to the standard instead. Two and a half mif@iliteﬁs

of reagent mixturé\(3 volumes of aceticvanhydride with 1‘
volume of the 2,5—diméthylbenzene sulphonic acid solution
énd 1 volume of glacial aéetiq‘acid)wygs added to each tube
and mixed with a vortex mixef. Each tube was allo@ed to
cool for 10 - 15 minutes. Three-tenths of a milliliter of
sulphuric acid was then added to each tube and the contents
were agitated immediately until all precipitates had
completely diasolved. ,The tubes were allowed to stand in
the dark for ¢5lor development. The optical density of each
'sample was measured against.the blank exactly 20 minutes
after the addition of Sulphufic acid using a UNICAM SP1800

Spectrophotometer.

4

The samples were divided into 22 batches, 10 samples in
: >

each batch and 2 batches were run on every single day, a

blank and a standard were included for each run to check for
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the daily variation and the stability of the machine. All
samples were measured in duplicate and an average reading
was used in the calculation of the amount of cholesterol in-

the plasma.

2.3.4 Plasma Cortisol Determination

‘Mattingly‘s method (1962) was employed for the
determination of plasma cortisol. Free and protein-bound
corticosteroids were extracted from the plasma with
methylene chloride. The organic extract was shaken with a
sulphuric acid-ethanoi reagent. After remov&ng the
supernatant dichloromethane, the_rééulting fluorescence of
the acid was compared with that of a known concentration of
cortisol treated in the same manner. Maximum fluorescence
of corticosteroids is produced by excitation at 475 nm and
maximum emission of fluorescence océurs at 530 nm.

High pressure liquid chromatography (HPLC).gradé
methylene chloride was used instead of the BDH, grade as
suggested by Mattingly since the latter néeds repurification
péfore use and the stéps are tédféus and time consuming.
Fluorescence reagent was prepared 'by adding 7 volumes of
concentrated sulphuric acid to 3 volumes of abéolute ethanol
in a‘@1a5k~which was kept cold in iced water. Cortisol |
standard was prepé;éd by diésolving 50 mg corticosterone
(Sigma) in 50 ml absolute ethanol. One millilifer of this
solution was diluted to 100 mXDwith distilled water (10

mcg/ml). These solutions were kept at 4°C and remained



37

stable for months. A range of standards fl.r 5 mcg/ml) was
prepared from kpe 10 mcg/ml solution, the intensity of
fluorescence inbreased linearly with concentration (Fig..
2.4). | |
All glassware was washed with chromic acid,,foliowed by
ﬁhorough rinsing with tap water and finally with distilled

water.

~

To an aliguot (0.2 mls of plasma in a 15.ml Sovril
ﬁube, 1 ml.of distilled water and 4 ml of methylene chloride
wele added. A feagent blank and a standard containing
distilled water and corticosterone respectivély were carried
through the procedure. All the tubés were stoppered and
‘shakeny very/gently by hand for 10 minutes. The tubes were
then centrifuged for 2 minutes at 2,000 rpm apd the.
suﬁernatant plasma was removed by suction. An aliquot (3
ml) of the methylene chloride extract was transferred to a
stoppered tube. At zero time, 1.5 ml fluorescence reagent
was added to the blank and miied Qigorously.for 20 minutgg
on a vortex mix~r. lThis procedure was repeated by adding
the flUSfeSCEDCu reagent at one minute intervals to the
Qtandard and the extraéfs of plaéma. The methylene chloride
layer was sucked off from e h}tube in turn, starting with,
the blank. The fluorescence|[of each solution was measured at
exactly 15 minutes aftér mixing with the fluorescence
reagent in a Perkin-Elmer GZESﬂOS'Fluorescence

N

Spectrophotometer. : _
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The samples were divided into 55 batcheé, .Fiﬁbrdmetry
was performed in batches of not more than 4 samples (in"
duplicates), a blank and a standard (1 mcg/ml) since timing

is very .important to keep the non-specific fluorescence as

low and as uniform as possible.

2.3.5 Determination Of Total Proteins In The Plasma

Total plasma broteins were determiﬁed\by the method of
Gornall et@al.bby means of the Biuret reaction. This
reaction is based on the principle that the protein of the
plasma will react with an alkaline solution of cﬁpric ions
and the intensity of the purple color produced is
proportional'fo'the amount of protein present in the plasma
(Fig. 2.5). '

Standard prptéﬁn solutiqn'(éigma) was used as the
stahdafd andeiUrqt reagent (containing 0.15 percent copper
sulphate, 0.6 percent sodium potassium tartrate and 3
peféent sqdium hydroxide) was prepared aé suggested by
Gornall. | :

Aliqudts of 0.1 ml of plasma were pipetted into 15 ml
test tubes. The same volume of standard and 0.9 percent
saline as plasma were used, in the standard or blank, |
respecfively. Two milliliters of saline and 0.8 ﬁl of
" Biuret reagenf were added, to eacé\fube and mixed with a
vortex mixer. The tubes were allowed to stand at room
temperature for 30 minutes. All samples wege measured in

duplicate. A blank and standard (6 g/dl) Qere’included in
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each run.

Absorbance was measured at 550 nm using the UNICAM

SP1800 Spectrophotometer.

2.3.6 Plasma Albumin Determination

The method of Doﬁmas et al. (1971) was employed for the
determihation of plasma albumin. This 1s a fast and
reliable method using a dye-binding teqhniqué. The dye used
. was Bromcresol Greeﬁ{ The absofbance-concentration
relationship is linear for samples containing up to 6 g/dl
(Fig. 2.6). Bovine standard albumin, fraction V (Sigma) was
used as the standard.

An aliquot of 25 mcl of plasma was added to a 15 ml
test tube, 5 ml of working dye solution was then added and
mixed on a vortex mixer.. A reagent blaﬁk and a standard
containing water and albumin standard (6 g/dl),
respectively, were included in each run.

The absorbance was measured at 628 nm 1n a UNICAM
SP1800 Spectrophdtometer. The concentration of the plasma
.albumin was calculated from the‘average reading of the

duplicate samples.

2.3.7 Plasma Globulin Determination
The globulin concentration in the plasma was obtained.
from thg difference between total protein and albumin

concentration.
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2.3.8 Determination Of Retinol-binding Proteins In the
Plasma

The single radial immunodiffusion technigue (Mancini et
al., 1965) was used in the determination of retinol-binding
protein. Standardized and stabilized human serum (Behring
Diagnostics) with known protein concentratiéﬁ was used as
the standard and for the construction of a standard curve
from which the proteiﬁ concentration .of the plasma samples
were obtained. (Fig. 2.7) Physiological saline (0.9%) was
used for dilution of the standard serum solution and the
samples,

LC-partigen immunodiffusion plates (Behring 5
Diaénostics) were used for the assay. The plates contained
12 wells. A@iquotsAXZO ml)'of.standards (range 1:1, 1:1.5,

' 1:2, 1:4) were placed into the‘first'4 wells, whereas the
same volume of diluted plasma (1:4) was placed into the
remaining wells using an Eppendorf micropipette. The plates

Gvere allowed to stand for 10 - 20 minutes, then closed and

4

incubated for 72 hours at room temperature. |

I

. . . . -
The diameters of the precipitation rings were measured

A

concentration of retinol-binding protein in the test sample\\\

in a measuring viewer made by Behring Company. The

was obtained directly from the plot of the square of the \

diameter on the standard curve.
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2.3.9 Statistical Analyses

/ Means, standard deviations and standard error of the
means were determined for patients and controls, and for
males anc? ‘emales within each group. One-way analysis of
variance was used to determine the significant.differences
between the means of the differenf groups for each of the
variables. The Student-t test was used to determine if
there w&s a significant differenée between the means of any
two groups. A pairwise t-test was used to iaéntify any
significant change between the first and second samples for
.patients who had serial samples. Pearson Correlation
Cbefficients (r) relating the variables to each other were
determined. The‘proportion of survival was derived from the
Life-table using the Statistical Package for the Social

. .

Sciences (Nie et alf, 1975).



Cﬁapter 3
RESULTS
The resdlts are presented in several sub-sections : a)

controls, the effect of age and sex on plasma vitamin A and
its related factors; b) controls versus patients, with
regard to the'biochemical parameters such as vitamin A and
RBP, cholesterol and.cortisol, protein, albumin and
globulin; c¢) patients, those who remained disease-free
versus those who had a subsequent fecurrence, the effect of
site of tumor and the effect of time lapse in between blood
sample collection after surgery on vitamin A and its

-

associated factors.

3.1 Controls

The age; ana sex-specific changes in plasma vitamin A -
and the factors involved in its metabolism (i.e., RBP, .
cortisol and cholesterol) in the control subject$ (34 males
+ 31 females) are shown in Table 3.1. Both male and female
subjects were divided ihto two groﬁps — less than 50 years
of age and greater than 50. The rationaie for chogsing
these two age groups was that during the menopaﬁsal'age,_the
hormonal differences may have an influence on the
biochemical indices which may be different from those of the
pre—menopaﬁsal age. . Statistiéal analysis (Student t-test)
revealed that plasma vitamin A values were not'significantiy

different between the two sexes in'either of the age groups

(<50, p=0.93; >50, p=0.59; all ages, p=0.86).

46
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-+ Plasma cortisol had the same trend as vitamin A. Like
vitémih A and cortisol, the plaSma chblesteroi level was not.
subjgcted to sex variation bé%ore 50 years of age, however,
the sex variation was noted in those who were more than 50
years old. The male subjecté apééared té have a
significantly higher cholesterol level than %hat of the
females. It is interesting to note that the RBP valueé wgre.
found to be consistently and significantly higher ih_male
than in female subjects in both age groups. Tpe difference
being more marked in_the younger age group.

Among all fhe biochemical indices measured, only plasma -
RBP indicated a significant sex difference when both age

groups were combined.
3.2 Controls VS Patients

3.2.1 Plasma Vitamin A And RBP In Control Subjects And
Poﬁtoperative Colorectal Cancer Patieqts
Since the plasma values of the biochemical indices féf
the conﬁrol subjécts listed in Table 3.1 were notlfound to
be subjected to age and sex variations, with the exceptionl
of RBP, subjects were combined'together irrespective of age
and sex, and used as‘"controls; for_thé cancer
patients. Table 3.2 shows the mean differences in plaéma
vitamin A and RBP between control subjects and the
pdstoperative colorectal cancer patients who appeared to. be '

disease-free. Both groups (B2 & C) of disease-free cancer
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N,

patients were found to be associatéd with not only subnormal
plasma vitamin A levels (p<0.001), but also lower RBP levels
(P<0.01) than the control‘subjects. .Relative to the
magnitude of its mean value, vitamin A was substantially
lower than RBP in both groups (B2 &“c) of patients. But RBP
values were more negifive in the C groﬁp than the B2 group.
Statistical difference of the RBP levels between control
subjects ahd the patients with' 'C' type colorectal cancer

was found -to be | fed (p<0.001) than the difference

between conttoi’s.

N o

tients with 'B2' type cancer.

. T Ly ‘ Qa
CoL e R T -
3.2.2 plasma Cholestefol And Cortisol Levels In Control

Subjects And_Postopefative Colorectal Cancer Patients
Cholesterol and cortisol differences between controls
.and patients are shown in Table 3.3. Dukes' B2 patieﬁts“haa
a mean cholesterol 38.3 mg/dl higher than the controls
(p%0.0S) while the difference between the Dukes' C patients
and thebcontrols was not gigﬁificant (p=0.10). Plasma

cortisol levels were not significantly dif@erent.between the.

controls and the patients; : -

3.2.3 Plasma Protein, Albumin And Globulin Levels In Control
Subjécts And Postoperatiée Colorectal Cancer Patients
The plasma concentrations of total protein in the
control subjects were significantly higher (p<0.001) than
those of the cancer patien;s (Table 3.4). The |

albumin/globulin ratio, however, remained unaffected.
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[

3.3 Patients

3.3.1 Distribution Of Tumorﬁsites In The Postoperative
Colorectal Cancer Patie:%; |
Table 3.5 shows the distribution of tumor sites in the
patients'before’surgery. Tumors were located throughout the

large bowel. Twelve and six-tenths percent (13/1037: 9 from ~

B2, 4 from’C) were in the cecum; 14.5 percent (15/103 : 11 .

from B2, 4 from C) in the ascending colon; 8.7 percent

[

(9/103‘:7 from B2,'2}trom C) in the descerding colon; 4.9
percent (5/103 :.3 from B2, 2 from C) in the transverse

colon; 9 7 percent (10/103 : 6 from B2, 4 from C) in tue

A

‘fleﬁures; 31.1 percent (32/103 :+ 1€ frow 32, 16 from C) in

EY

the recto-sigmoid; and 18.5 percent (19/123 : 14 from B2, 5 -
: nd 18- .
from C) from the rectum. ‘

2.

Due to the'snallrnumber of cancet sites, subjects were
.gr oupec together in the followlng order : cecum, ascending .
and descendlng colon hepatlc and splenic flexures were
grouped under colon; 51gm01d and recto sigmoid were grouped
_under recto—51gmoldf_and rectum byvltself a$ a group. ‘

=

3 3 2 Effects Of Tumor Sltes On Plasma Vitamin A And Its

S S ,:7

Releted Factors Sy

7

'( Tabie'3 é shows ‘that the differences between the cancer

-

: ; a
‘S1gn1f&cant (v1tam1n A, p=0.81; RBP, p 0 43 cholesteroL,

) p 0 61 cortlsol p=0.24; albumln\ p 0 29; globulln, p=0. 24)

v.rf,-,»
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2

as determined by one-way analysis of variance.

3.3.3 Effects of Time In Blood Sample Collection Following

Surgery On Plasma Vitamin A And Its Related Factors In

Cancer Patients

Patients were grou-~~d ‘r.gether by period interval fromgﬂ%

the date of surgery to th. uate of blood sample collect%pﬁ?&;

(Table 3.7) The shortest 1nterval (< 2 months) was
associated with the lowest average mean of plasma vitamin A
level, while during the perlod of 6 - 12 months following
surgery, the average‘mean values of plasma vitamin A, RBP,
cholesterol and cortisol were found to:be at their max imum
levels. Analysis of variance, however, revealed no overall
significant dif{érence in these biochemical indices o
fncluding’albumin and globulin between the various interxa}s
of time (vitamin A, p=0.45; RBP, p=0.43; cholesterol, .
p=0.23; cortisol, p=0.53;fprotein, §=O.14; albumin, p=0.55;

globulin, p=0.07).

LFU

ay

3.3.4 Follow-up Studies On Patxents With Ser1al Samples
Oof the 103 patlents, 40 had serlal samples taken at two

different perlods of time. The tlme 1nterval between the

first and second samples ranged from less than one month to

four months with an average time d1fference of 2.6 months.

The results are presented in Table 3.8. No significant
: g .

differences in_plasma concentrations of vitamin A, RBP,

cholq:}erol,icortisol} albumin and globulin were observed

1

S

-
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between the two periods of time. 'Alchough in the second
sample, patients showéd higher mean vaiués of vitamin A and
cholesterol (mean difference=7.5 mcg/dl and 6.9 mg/dl,
respectivély), the plasma RBP,'cortisoi and albumin levels
appeared to be lower than those of the first sample, while

the plésmé globulin levels remained identical at both

periods.

3.3.5 Plasma Vitamin A And Its Related Factors By Disease
Status
fn follow-up studies to date, of the 103 appacently
disease-free colorectal'cancer patiégts,_a total of 12
subjects subsequently had a ;ecurrenée of the disease.
Table 3.9 shows that patients with a recurrence had

significantly lower plasma\vitamin A levels than those who

remained disease-free (p=0.05). Thqipa;ients with

subsequent cancer recurrence also stdwed lower RBP levels’

s % )
than those who remained disease-free. Though the ST
difference wasﬁnot,f?ynd to be statistically sfénifféant,,
'this'may be due to the small sample size of ,the patiénts

e ‘
with recurreﬁcé.\ g
Plasma cholesterol teﬁded to be lower in récurrentAthan.l
diseasé-ffee cases while cortiséi_revealed an opposite
trend, thdse with cancer recurrence had higher cortisol
values thanrthose who remained disease—free. However, the

differences were not statistically significént. Plasma

protein, albumin and:globulin levels were similar between .
. & SO .
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the two groups.

61
) .
When the subsequeﬁt recurfent cases were removed from
the total of 103 patients who were thought to be free from

colorectal cancer following surgery, the results of the:

comparison of the plasma levels of various biochemical

‘indices related to vitamin A of these remaining disease-free

patients with those of the control subjects are shown in
Table 3.10. The patterns for the various parameters
remained the same as those shown in Table 3.5, 3.3 and'3.4ﬂ
when the recur;énf cases were included. Analysis of |
variance indicaﬁed‘that all biochemical measurements (exéept
cortisol) were significantly diffepenp between control
subjects and the apparently disease-free postopetfative
colorectal cancer pafients. -Thus, the plasma vitami A and
RBP were lower in patients than in controls (p<0.001;
p=0.001) while plasma.cholesteroilwas higher in patients
than in controls (§<0.05). Plasma profein, albumin arnd
globulin were consistently lower (p<0.001) in patients_thén
in controls. A |

It was interesting to note that both plasma . =
concentrations of vitamin A and RBP were very low iﬁ the two‘
patients who died of the disease during this study. The
plasma vitamin A values of these fwo‘patients weré found to

be only 19.32 mcg/dl and 18.86 mcg/dl, and plasma RBP values

were 2.40 mg/dl and 1.68 mg/dl, respectively (Table 3.11).
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3.3:6 Disease—-free Survival .

Fig 3.1 shows the survival rate for all apparently
diseas§—free patients included in this study. The“5urvival
rate was calculated from the date of surgery to either the
date of cancer rec@rrence or death. Currently, 84 percent
of the B2 and 64 pércent of the C patients have survived.‘

) : :

The mean disease-free surviYal for Dukes' B2 and Dukes' C
" patients was 41.1 months and 24.8 months,,respectively;
Pairwise comparison using the non-parametric test indicated

that the disease-free survival rates between the two gfoups

are significantly different (p=0.05).

3.4 Relationship Between Plasma Vitamin A, HBP, Cholesterol
-And Cortisol | '

The -elationships between plasma vitamin A and RBP,
‘cholesterol and’cortisol-are shown in Figures 3.2, 3.3. and
3.4. - | | . e

Plasma vitamin A was significantly corfelated:with RBP
for the control subjects (r=0.06, p=<0;05) but not‘fer the
postoperatiye cplorecfal cancer patients (r=0.18) (Figqg.
3.2). However the plasma vitamin A concentrations did nof
show any significant. correlatlons with either cholesterol or
cortisol; this pattern was con51stent for both. control
:iasszjetts and patients (Figi 3. 3 & Fig. 3.4). Nonetheless,
the control subjects tended to show a negative relatlonshlp

'between plasma v1tam1n A and cholesterol (r=-0.13) whlle

patlents 1nd1cated a negative relatlonshlp between plasma

;‘L.
o
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Chapter 4 . S ¥ b

FE ' : Discussion
) . It has lcong been kno&@‘tha& vitaman A is required for

g the normal h-stology of epithelial cells. A recent concern

N 'h

has been t' relationship. betﬁe‘;iﬁyy m1n A def1c1ency and

cancer‘of ~ 1thelial orrg1n,t xpe imental‘stud1es have

)

“shown th: vitamin A deficienc easeg suscyptibility to

chemlcal carc1nogene51s whlch can be reversed by giving

N v1tam1n A supplementatlon. Both blochemlcal and d1etary

;“ studies have prov1ded ev1dence to support a link between
vitamin A;defrc1ency ‘and cancers of eplthellal celr origin

in man .i These studles present a con51stent4p1cture as to K

v1tam1n A def1c1ency being a 90551ble r&ﬁk factor for: . - R

9 » 7 sty
V’J -

cancers of the lung, bronchus and gastro1ntest1nal tract, in

o

W -

iﬁ?&ﬁ partmcular.‘ However, the 1ow.plasma v1tam1n A levels ?;
PR observed’insthesg.cancer patients may be largely due to a

prolonged poor d1etary intake and absorptlon .in the presence

. - ‘.".)" A
of the slow grow1ng tumor. ;ﬂ} -

!.‘. c . w5

The present study was undertaken to 1nvestlgate the

- biochemical status of vitamin A in colorectal cancer

-

‘apatlents who had undergone surgery and were considered to be-
epper%ptly free from the presence of tumor. 'One hundred and’
"three sugiects were studied wh'ich was con51derab1y hlgher

. than ‘the number,of‘subiects studied 1n-most of the other"
reported'studies: \The c1rculat1ng levels of,v1tam1n A of' ,'._ :
these patlents were measured in order to prov1de blochemlcal 42i ?ﬁf§

evidence of. their v1tam1n A status. 1In addition, the

70
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'b174 age, race and s@k matﬁ%&d controls the patlents Jhad

71

results werehCOmpared with a group of apparently healthy

subjects. TheSe healthy subjects were not used as true
codtrols but were used to merely provide normal values of
vitamih A usihg the same method employed. to determine plasma
vitamin A.levels in the cancer patients. Such a measure was
considerec important as reported results ‘for plasma vyitamin
A in cancer patients were based on a number of methods used
in dlfferent laboratorles thus resulting in a wide \
.,varla%?on in reported normal ranges. -The stcdy‘by‘Wald et
al. (1980) showed that 86 megiw1th lung cancer compared to
172 controls, matched'for’ageJand smoking history had a
sighificantly lower plasma retinol level (56 mcg/dl vs 69
v -

7fmcg/dl-for'controls p<0. OO%L _In a second study; Kark et .

(1981) showed than qmogg 85 cancer.patlents compared to

51gn1f1cantly lower plasma retlhol leVels (41 mcg/dl.vs 4‘

;mhmmg/dl 1n-controls, p<0.003). Although both of these

studies were done with metighldus)care and. éood methddology;

w

the mean plasma: retinol leve&s were qu1te dlfferent. In the’

_Wald study, ‘the controls had 69 mcg/dl of retlnol whereasv

\_a"‘ J"
)

;1” the Kark studyg-the controls had only 47 mcg/dl.: The

v1tam1n A assays used were dafferent. Wald et al., used
, . o "5 i . . -
high4performance liquid chromatography (HPLC) whereas Kark-.
”

et al. used aldmlna chromatogrphy followed by a ﬁluorlm Jr1c

method for estlmatlon %f retinol.

<=Résults 1n th pneseﬁt study qndlcated that the 103

kl

postoperatlve colorectal cancer patlents, though they were
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b

seemingly free of the disease, had.subnormal levels of

“wvitamin A when compared with the apparently healthy subjects -
"y

(43.4 mcg/dl *'vs 65.3 mcg/dl) (Table 3;2). This finding is

consistent irrespective of either the stage of the disease
7 ‘
or the site of the tumor (Table 3.6).

Subnormal levels oéfplasma v1tam1n A, measured as 1

- retinol have been observed in cancers . of the lung (Atukorala

m\ 2

et al., y979; Basu et .al., 1976; Basu et al,, 1982);
x (lbrahim et al.,ﬂ1979) and GLftract (Abels et

orophar

<

al., 1941). 1In these. studies, blood Samples were taken from_

people who still. had a-tumor" Ig is. therefore p0551ble that_

b v Yy

,xhelr ap@etlte %gs depreSSed_due to the presence of the
‘tumor, or the tumor 1tself may have 1owered retlnol levels

due to 1ts 1ncreased L qu;rement Moreover,vthe treatment

"of the dlsease byﬁgltw gfchemotherapy or radiotherapy may
o " £, '

have resulted in a taste aberrat1 thus depre531ng food

1 ~

intake and caus1ng subsequent nutr1t1onal problems (DeWys, -
. . . n B §

1974; DeWys, 1975). o ‘ .

It is noteworthy to point out that the patients invthe
present stydy had already undergone;resection of their o
carcinomas and vere beﬁieved t£ be free of.neoplastic

disease following surgery when the blood sahples were

collected. 1In addition these patlents were not under901ng

/

any k1nd of therapy and yet they were found to have

"subnormal c1rculat1ng levels of retlnol ThlS was .true not.

only yhemnthe blg/d samples JE\%?qpllected soon- after
”surgery but also in the subsequent samples collected 3/4 to

P
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4 months iatg;ﬁ(Table 3.8). The low circulating vitamin A

? "~ ' levels may have resuslted for other reasons, some of which

will bejdiScussed‘belon.'

.

Py

L e Cort1sol e

Cort1costero1ds have been reported to be antagonistic

.)

to v1tam1n A bylfavourlng 1ts ellmlnatlon from the body.
- =

Ns, ‘a negatlve assoq1at&on between v1€am1n A and
S cort1coster01ds have been reported 1n an1mal‘stud1es (Clark
o o }

¢ & Cofburn,>1955 Atukorala at al., 1981) 1n whlch

3 L P U P . :

admlnlstratlon of cortlsone to rats over a long perlod Co

w"pge red to deprass Vltam1n A concentratlon 1n the plasma,:o

T,

ver% adrenal glands,“ghymus and kldney - The affect was
fvg : :

greatest oh the thymus, Ain which ma;ked thymlc shrlnkage wasa

5

-accompanled by a papld depletlon of v1tam1n A° ‘Phy51cal ; 5f

"\

stress was also shon to prec1p1tate frank v1tam1n A'

def1c1ency in rats on a margrnal intake of the v1tam1n o
B}

(Se1fter et al.,u 1973)n p0551bly as a result of. StreSS'

_‘,ﬂN o
- ...‘)'

gilnduced secretlon of adrenocortlcotrgphlc hormones

T \ >

- ‘é (ACTH) Human studles have also 1nd1cated that epithelial
W —
- cancer of the ‘breast (Desphande et al., 1969), prostate (Doe

et al., '1969) and lung (Lichter & Sirett, 1968) are

[

associated with elevated plasma levels of corticosteroids.

It is possible that there is anvincreased requirement for

-

vitamin A in the presence of an elevation of A

corticosteroids. However, in the present study, cortisol

levels remained unaffected while vitamin A levels wereA
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e

~

f»&'subnormaif therefore, it-igﬂpniike}y that ceortitosteroids

e B e &

could be responsible for the low vitamin A levels in thewl

1

disease-free postoPerative colorectal cancer patients. This

finding is further substantiated by the fact that plasma

‘concentration of cholesterol, which is a precursor of

. ’ . g
cortisol, also remained unaffected. Y,

4.2 Cholesterol
Vitamin A or. its precurseﬁ‘is absorbed into the
intestinal}mucosal‘¢elﬁst»along wdth the products‘of
digestion of dietary fat and re- esterlfled within the
intestinal mucosa. The retlnyl esters so formed are

c1rculated as constltuents of chylomlcrons. Thus,'low]

plasma levels of v1@ﬁ«;*" might result from the

}subnormal levels of plasma

vitamin A found in the cancer patlents may be dvue to
. gx-

'rlmpalred fat absorptlon 51nce the efficient 1ntest1na1

absorptlon of v1tam1n A 1s dependent on a structurally

intact intestinal tract ‘a properly funqtlonlng pancreas and
) o ’
an unimpaired flow of bile. The,nadical surgery used in the

'treatment of the mallgnanctes of the GI tract may leave'

v 5,/’7

.patients w1th a reduced capac1ty toflngest or absorb .

%tShlls, 1979)'A However the phy51ologlcal and

nutrltlonal consequences of surg;cal resectlon of the GI
v
tract. of cancer have been carefully reviewed by Lawrence

M ' - . ) . . . ’ ’ i .‘
7 (1977) who indicated that, unlike resection of the thoracic

esophagus, stomach or pancreas, sUbtotaf“and total resection
. N | S ’ \
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of the polon is well tolerated from the nutritional
standpoint ahd rarely produces nutritional deficiencies.
Therefore, it is unlikely that the lpwer plasma vitamin A
level is due to malabsorptlon | Furthermore, ‘the plasma |
level of cholesterol ‘another fat soluhle substance, was
found tovbe higher rn the postq@;rative colorectal cancer
patients than in the control s bjedts. These f;ndings tend

to.exclude the possiblity of lipid - metabolism being

o

involved in causing subnormal vitamin A:levels in these'

©

Since reports in the literature,on the relatlon of

Pplasma cholesterol levels to rlsk of death from cancer

‘v

contain contradlctory flndlngs, it is noteworthy to p01nt o
out the results of plasma cholesterol in thlS study

Several stud1es have suggested an 1nverse relatlonshlp

" ‘bétween plasma cholesterol and colon cancer (Rose et ‘al. .

/

-1974, Kark et al., 1980 Wllllams et al., 1981; Peterspn et

éi;, 1981; Kagan et al., 1981; Garcia-Palmieri et al.?

1981), while others have found no such association (Dyer et ‘.;

al., 1981; Kozarevic et\al;,'198i) Thomas et al., 1982).

The present study revealed hlgher plasma ‘CONCE. ration
of cholesterol in postoperatlve colorectal cancer patvents
than that‘of the control subﬁects However, when the
results of thpse who' had a subsequent recurrence (n=12) were

compared to those who remalned dlsease free (n=91), the

form~~ croup had a lower plasma cholesterol level (239.8

‘mg /A1 vs 261.0 mg/dl), Although the difference was not

L ’ ' [
C T . 14 ’ ’
- . . ~ 4

S

£
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found to be: statlstlcally 51gn1f1cant (probably due to tne

small number of‘recurrent cases), thg trend is in agreement

.m;— "ivfhose reported by Rose et al. (1§r§3 They pooled the

‘Wﬁhgolon cancer deaths from various cardiovascular studies
(”Seven Countries"; Framlngham; Chicago Gas Company;
“:Whitehall, London; Minnesota businessmen; & Chicago Western
Electric company) yielding 90 cases of colon caneer whose
plasma cholesterol levels were significantly lower (p<0.05)

“than those of the control subjects. “In a mores.recent study

in Honolulu (Kagan et al., 1981),,patients with colon.cancer;

* were also found to be negatively associated. with cholesterol
level. Furthermore, a case-control study (Kark et alxy,

‘)1980), carried out in theeEvans-County, Georgia, revea@ed a

o

significantly lower serurg\choleste% level in those who

subsequently \12 - 14 yé )gﬁgater) veloped cancer.

e
’

v
In contrast to the agg%egreports, Thomas et al (1982)’
_ -
found no consistent relatlonshlp between basellne '
cholesterol level and cancer during a. follow-up study of 30

male medical students who later developed major cancer over

an extended period of 33 years.. Dyer et al..(1981) pooled

o
By N

szgnlflcant—ESSbtlatlon between serum cholesterol level and

the incidence of lung, colorectaP oral and paficreatic

cancers.’ o b - £ .

A4

Tt appears,;bherefore, that the results of the present

‘m,
study show1ng “Low plasma cholesterol level 1n the 12

3 .
patients ‘with subsequent recurrence ¢f colorectal cancer.

-
LY “

2 J

3
e

S e » A T o —
the data, from 3 Chicago epidemiologgtaf @tudlesrand found no ™

-

L

N ,:g—
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only cqntrlbute to the cont1nu1ng4controversy ‘The reasons

. ’ , l-:; ‘f &
e w05 TS
@ ﬁOﬁAQhIS observatlon are at present unclear. o

“4This lack of symmetry in the assoc1atlon of cholesterol
with cancer, and the lack of correlation between vrtamln A

with cholesterol:reguire.comment. Vitamin A appears to be

. more independent of cholesterol in its ‘association.with

(> cancer than is true of the reverse. This may imply that

vitamin A is causally involved in carcinogenesis" while
_ cholesterol is simply a concomitant.

4.3 Retinol-binding Protein (RBP) ~
RBP has long been associated witnfﬁﬁé metabolism of
"vitamin A. Vitamin A is moblllzed fromhfﬂver stores and

transported in plasma 1_?*f

,whlch “is a 51ngle¢§\V'péme§% Chaln.
DART g

with a molecular-Weight ‘close to 20,000.ﬁ RBP has a 51ngle

retinol, bound'.to RBP

v

-binding s'te for one molecule of retinol and is present-in
W, -

plasma mainly as the RBP- retlnol complex (hol“ i

¥

addltlon RBP interacts strongly w1th aéasma?prealbumln and” *

normally c1rculates as’ a 1:1 molar RBP-prealbumin complex.

RBP is responsfgle for the delivery of retlnol from the,

liver to the~ex%rahepat1c sites of action of the vitamin.

e

l Evidence is available thatgkgis‘delivery-process may involve

. cell surﬁace receptors for RBP, thus, studies have been

YN
) -vql :‘v

reported which suggest that there are spec1f1c cell surface
b_»

receptors for RBP on monkey small intestine mucosal cells

Be

(Rask '& Peterson, 1%?6), ori bov.ine plgment eprthellal cells

&



‘renal glomerulii

4

.vplasma RBP level in parallel’ w1th low plasm?‘v1tam1n A 4

~Atukorala (1979) in lung cancer patlents, by Basu et al

fﬂ1§ar~,

Oy

(Heller, 13975; Chen & Heller, 1977), and on chicken

testicular cell- membranes (Bhat & Cama, 1979) In these
studles,‘retlnol appeared -to.be taken up (from 'holo-RBP) by
the cells w1thout a concomltant uptake of RBP. Thus, RBP
appears to_dellver retinol to spec1f1c surface_sites that
"recognize"” RBP, and to-release,retinol at these locations;
After its‘delivery,.the retinol'enters~the cell for’

subsequent metabolism and action. The apo-RBP (i. ‘€. RBP ~‘
without retinol) does not appear to enter the cell but
-returns to the c1rculat1on, where 1t° shows a reduced ]

affinity for prealbumin and’ is selectively filtered by the .
u‘f - '/"' . » . -
.Results in the present study have shown that, in

contrast to- plasma cortisol and- cholé@terol the c1rculatlng

g

RBP leVels were s1gn1f1cantly lower 1n the apparently

dlsease—ﬁree colorectal cander patlents. Slnce V1tam1n-ﬂ is

transported ‘to the target tlssues bound to RBP, the i&w

raises the possibility that subnormal levels ‘of v1tam1n A 1n a

b

the colorectal cancer patlents may be the result of a lower~

Y

concentratlon of the carrler proteln. Low concentratlons oi

k4 -

both plasma vitamin A and RBP have also been observed by o f;’

(1982)*1n patlents with eplthgllal cancer but not in myeloma

-

patlents L .;',"5

Analyses of data avallable to date have 1nd1cated that

\ s

"subnormal plasma v1tam1n A levels ex1st long before the

‘d’

el S
. . N

= PR . B »

&
£



appearance of tumor. Thus subnormal levels of v1tam1n A
were observed in sub]ects who subsequently developed cancer
(Wald et al., 1980; Kark.et al., 1981). However, RBP levels
are not affected untll the tumot is present _ Thus,,in a
case-control study by Haines et al. - (1982), plasma levels of
RBP and vitamin A were measured in samples taken/2 —.7 years
‘before the development of clinically manifested tumors:
"Results indjcated that there was no dlfference in RBP. levels_'

'between cases and contf . ThlS spec1f1c characterlstlc of

. o

Q;f& ‘oo RBP. sd@ggsts that plasma level of the vitaminh A carrler
~"A‘_A<' ,.-'u.‘iﬁf ‘b-q

’ proteln could be used as a tumor marker such’ a p0551b111ty

Lls further substantlateéwby the observatlons*made/:h the

A %

i 'fpresent study. where colorectal cancer pat1e§ts w1th (Dukes
. . & .,‘ ‘\

L ,C) or w1thout (Dukes BZ) reglonal lymph node metastases”

.found £6 " be assoc1ated with subnormal plasma.wgtamln A

. flewels whlle ‘RBP . levels appeared to’ be belc norkal only in
. bukest d@patrents¢ Furtﬁ%rmore 1n follow—up studies to .

‘_»».
A

hdate, be51des dlsplaylng 51gn1flcantly lower plasma v1tam1n

'A values (p—O 05), patlents who had a- sub\equent recurrence

/

of the dlseaSe also had lower RBP values than those who

remalned free of apparent cancer,(3 7-mg/dl vs 4 6 ﬁb/dl)

o although the dafference between the two, grOUPS was not

‘statlstlcally s1gn1f1cant. The number of recurrent patlents

'was small and the perlod of study was short. o
The exact mechanlsm for the décreased level of RBP o
cannot be explalnedfat thlS stage Howewer,,a number of
. bt

1.
. “‘x

factors could bé 1nvolved namely i a) malnutrition} b)

| S . \
v .
H N \

fr

YR ' .
\ - ~ 3 . ) ) :
p A & . . ’ L
. . - ’ . . .
\ . ) . .
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*and RBP would less llkely be exclu51ve1y € to :“.'Q' /

malnutrition. ' , o Q?" -

AN

80

W

decreased synthesis of ‘RBP; c) decreased level of vitamin A ¥
in the liver; d) increased utilization of vitamin A.

- . I . ) ' . " ; » " ' e

o L ’ ’ ’ ;., ’

4.3.1" Malnutrition »
/‘ . . - ‘.'. . . A

Various studies have indicated that depressed vitamin A

" and RBP levels may be associated with protein‘deficiency .

3

Low levels of plasma vitamin A and RBP have been observed

w1th low- concentratnons of total proteln and albumln in a

b -

group of Egyptlan chlldren with proteln calorie malnutr1tlon
€

(Smith’' et al., 1973a). Supplementatlon to these chlldren

oA

‘with calorlesgama protebn, w1thout concomlta@t v1tam1n A

therapy, wa_giound to cause a gradual elevatlon of v1%am1n A

and RBP to normal levels. Although malnutrltlon is thought

]

- L\ “
i SRR I

to be\less common 1n cancer patients who have undergone *"i.g.

radlcal surgery of the colon ‘and rectum (Lawrence 1977)

-

the tota& protein andralbum1n concentfat1ons in the plasma - .A

; o ,_,/\ R
were found to be 51gn1f1cantly lower in, the patlentso
,ncluded in' the present study than th%se in the healthy S T

l
subjects (p<0 001) It 1s, therefore, p0551ble that the
/

decreased plasma concentratlons of v1tam1n=A and_ RBP in. the

e

colorectal cancer patlents were a manlfestatlon 'f a. .

V- i .
- ‘". N

generallzed nutrltlonal def1c1ency However,'i view of the

A

fact that the - albumln and: globulln ratlo, thej-lasma . / /»?r

cholesterol and COftISOl levels 1n these pat'ents were all
? 7 - ~
found to be normal the subnormal levels of/plasma v1tam1n A

i f
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4.3.2 Decreased Synthesis Of RBP
It has been reported that zinc is involved in the
synthesis of RBP. in~the“presence of zinc defieienqy, RBP
levels could be-expected fo be low‘which,could, in'tu%n;
affect plasma vitamin A levels. Experimental studies have
demonstrated that .rats fed a zinc-defictier~t diet had:
merkedly lower concentrations of plasma RBP and vitamin A
than rats fed adﬂlibitum (Smith et al., 1974; Ette et al.,
1979). The 11ver concentratlon of RBP 1n 21nc deficient
rats was only 55 - 60 percent of that of the ad libitum fed
rats. <Repletion of the zinc-deficient animals restored the
.plasma vitamin A to values within the normal range (Brown ‘et
al.} 1976) These studles suggested that zinc def1c1ency
, e
mlght 1nterfere ‘with the synthesis of RBP which in turn
affects vitamin A moblllzaflon. Indeed, decreased plasma
zinc concentraions in parallel with vitaﬁin A‘and RBP have"
been observed in various cancer patients (Davies et al.,
. 1968; Morgan, T970; Atukorala et al., 1979; Basu et al.,
1982). | |
P .
Unfortunately, plasma zinc levels of the patients
involved ih the present study'were not measured because of
the unavailabi;ity of an atqmic absorption spectrophotometr:

facility. The measurement of this trace element would

surely add more light to the present findings.
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4.3.3 Decreased Level Of Vitamin A In The Liver

Vitaﬁin A mobilization from the liver is requlated by
factors that control the rates of RBP ;;nthesis and
secretion, One factor which specifically regulates RBP
secrétion‘from liver is the nutritional vitamin A status.
Studies.in the rat have shown that ingthe retinol-deficient
state, the_éecretion of RBP from the liver is bWJCkeO?
reéulting in the accumulation of an enlarged r.ol ar~-RBP
(Muto et al;, 1972; Smith et al., 1973b). Con-ersely.
répletion of retinoi—d;ficient rétsvwith retinol -stimulates
the rapid secrétion of RBP frém the expanded live: poo1 to

~

fhe plas$5\£Smith et al., 1973b).
4.3.4 Increased Utilization Or Requirement Of Vitamin A

It has been suggested by a number of studieg that there
may be an increased requirement for vitamin‘A in the
presence of a tumor. Thus , both celluiar retinol—binding
protein (CRBP), which bindﬁ retinol, and cellﬁlar retinoic
acid-binding protein (CRABP5, which binds retinoic acid,

have been detected in human cancerous tissues of the lung,
breast and stomach (Claman et ali, 1981; Lotén et al., 1980;
Ong et al., 1975; Ong & Chytil, 1976), but not in adjacenp /
hun-malignant tissues. These findings suggest that there \
may bé an. increased reguirement or utilization of vitamin A
in thesé targetlcelis. If this is so, there may be an extra

burden on the liver to synthesize RBP at a faster rate,

which could conseguently exceed the rate of'synthesis of the
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protein leading to RBP deficiency. Whether vitamin A
requirement is increased in the presence of the tumor cannot

be determined by measuring only vitamin A per se, but

Y -

degradation products such as,retinaldehydevand retinoié acid
mustAalso be measured. To date, the method for determining
retinoic acid is not available. indeed, further research
could be géarnu towards establishing a satisfactory method

}

by which retinoic acid’could be measured,
4.4 Beduced Dietary Intake

Recent lite;gture has pointed out that reduced dietary
intake could be résponsible for the loQ piésma vitamin A in
cancer patients. Both retrospectiye‘and'prOSpective
epidemiological dietary studies (Bjelke, 1975; Hirayama,
1979; Mettlin et al., 1979) have ‘'suggested that an inverse
relation of the RR of human cahcer, of epithelial cell

origin in particular, and the dietary intake of vitamin A.

~.

~

these studies must be viewed with caution as they did not

However,, as mentioned earlier (see page 16), the results of

take into consideration the ingestion of synthetic vitamin
preparations or vitamin A-rich animal foods such as liver.
Moreover, there may be some bias in these studies since
patients may not be able to recall accprately foods eaten
over an extended period of time, prior to the onset of the
disease. 1In addition, feeling ill or knowing they have
cancer may cause patients to describe their past diet

somewhat differently from how they would have described it
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if they had been healthy controls. -

No information concerning the usual dietary intake of
vitamin A_.of the patients included in the present study is
available since they were sent Hbme after éhey were resected
"for cure" for their carcinomas and.were believed to. be frée
of evident diseagb. Furthermore, there are obvious" |
difficulties in establishing such a relationship since
plasma vitamin A levels may remainounaffected-éven when an
individual hadibeen on a vitamin A deficient diet for -a
prblonged period'of time, as was ind?cated in tne Sheffield
Study mentioned earlier (s;; pagé 10). Therefore, what
appears to be necessary is a long term combined
epidemiological and biochemical study of a population "at
risk" extending over several décades.

*

4.5 Conclusion ,

The work pre;ented in this study ha's pointed to a-
series of associations that ma} be of causal importance in
the prediction of subsequent reéurrence of colpfectai cancer
in postoperative cancer patie2£s Qho are considered to be
free of the disease. . |

The patients in this study were found to have
. biochemical evidence of a vitamin A deficiency as determined
by their plaéma vitamin A levels. This deficiency was not
due to the effect of. surgery since$a) all blood samples were
collected at lea§t 1 1/2 months after surgery; and b) in a
follow-up study involving 4O out of 163.patients, vitamin A

h

1
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levels appéared to be similar to the values obtained in the’
first s:mple of these patiegts. On the basis of §hese
results, the possibility of the dietary factor being
involved in lowering the plasma vit;min A cpncéntrat%ons in
the postoperative colorectal cancer patients cannoﬁlbe
excluded, however, the low RBP along with low plasma vitamin
A levels in these patients‘eertainly indicate that the
biocavailability of this vitamin could be impaired. The

4

decreased availability of this vitamin is further
exacerbated in ?hose patients who had ;-recurrence gf the
disease. Whatever the mechanism may be, Qhe fact that these
diseasé—ffbé postoperative colorectal cancer patients have“m
low circulating Vitamiﬁ A could justify a supplementation of
the vitamin., However, before such a measure is taken, it is
of paramount‘ihportance to determine the rate of degradation
of vitamin A in these patients, since the subnormal vitamin
A in the plasma may be a reflection of the degradation
imposed by the increased fe&uirement for retinoic acid.
.Until this is done, these subjects should be given a
well-balanced aiet containing adequate sources of vitamin‘A
rather than supplemenfation of larée doses of the vitamiﬁ._
Supplementation with vitamin A in excesgive amounts\spuld

- possibly aggravate the growth of the cancerous tissues,
should the need of'these £issues for vitamin A is indeed
increased. \ .
Nonetheless, the evidénce to date (Basu et al., 1983)

has indicated that subnormal levels of vitamin A exist long



before the existence of cancer but RBP levels decrease only
in the présenqe of the tumor. On the basis of this
evidence, possibly RBP could be used as a tumor marker.

Such a hypothesis is further substantiated by«the evidence

v
I

in the present study, as plasma vitamin A was subhormaI"in

‘

colorectal patﬁtnts with (Dukes' C) or wi;ﬁout (Dukes' B2)
nodal involvement, while RBP was fdund to be low only in
patients with lymph-node metastases. Furthermore, RBP, in. .-

conju~ction with vitamin A, was found to be even lower in
‘ o )

~

. L 1.8 )
those who had a recurrence of cancer than in tHose who

remained -disease—-free.

S

v
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