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Division of Tumour Immunology, Institute of Cancer Research, Sutton, Surrey, U.K. 

Vitamin A (retinol) and many of its natural and 
synthetic analogues ("retinoids",  see Fig. 1) have 
been found to play a critical role in the normal 
growth and differentiation of a variety of tissues, 
and in this connection their influence in malignant 
disease, which may be considered to be a state of 
abnormal growth and/or  differentiation, has 
received much attention. Since the earliest obser- 
vations in the 1920s demonstrated that a Vitamin 
A deficient diet could lead to the development of 
metaplasias [1], papillomas, and ultimately squa- 
mous cell carcinomas in rodents [2], much sub- 
sequent work has concentrated on the role of reti- 
noids in modification of the carcinogenic process. 
The prophylactic effects of retinoids in the pre- 
vention of tumours induced by chemicals, radiation 
and viruses in both epithelial and mesenchymal tis- 
sues are now well documented and have been com- 
prehensively reviewed recently [3-10]. However, the 
current major problem in clinical oncology is the 
management not of benign lesions, or carcinomas in 
situ which respond well to therapeutic intervention, 
but of malignant tumours which have progressed to 
become invasive and metastatic. In this article, I 
propose to focus on the less well-defined effects of 
retinoids on established tumour growth and met- 
astasis, and to explore in particular their interactions 
with host tissues which may determine the in vivo 
response. 

Effects of  retinoids on tumour growth in experimental 
animals 

In contrast to the well-documented prophylactic 
effects of retinoids in retarding, preventing, or in 
some cases reversing carcinogenesis, reports regard- 
ing the ability of retinoids to inhibit the growth of 
malignant transplantable turnouts are often con- 
flicting. Bollag and coworkers [7, 11] tested several 
conventionally used transplantable rodent tumours 
(including Ehrlich carcinoma, sarcoma 180, L1210 
leukaemia, Walker 256 carcinoma, B16 melanoma, 
and Lewis lung carcinoma) for their responses to 
two aromatic retinoic acid analogues TMMP-EE and 
TMMP-EA (see Fig. 1), and obtained no growth 
inhibition in any instance. Similar findings were 

reported for TMMP-EE by Ito [12] using V x 2 and 
V x 7 transplantable carcinomas in rabbits, although 
Shope virus-induced papillomas similar to those from 
which they arose were strongly growth inhibited 
(with up to 60% regressions) by the same retinoid. 
Retinoic acid and retinyl palmitate were also shown 
to have no growth inhibitory effects against L1210 
leukaemia [13, 14], Lewis lung carcinoma [15, 16], 
P388 mastocytoma [17], a Morris hepatoma in the 
rat [18], or syngeneic weakly immunogenic sarcomas 
in mice [19-22]. 

These negative results are nonetheless informative: 
one common feature of these "non-responder" 
tumours is that they have been maintained by serial 
transplantation in some cases for up to 40 years. 
Many have lost all the characteristics of the original 
primary tumour and, in particular, any immuno- 
genicity originally present would be significantly dim- 
inished; this supposition is borne out by the fact that 
such tumours are generally readily transplantable in 
outbred (i.e. genetically heterogeneous) animals and 
a variety of allogeneic (i.e. histoincompatible) 
strains. Thus, one possibility that must be examined 
is whether the responsiveness of a transplanted 
tumour may depend on its ability to evoke an 
immune response in the host which can be aug- 
mented by retinoids via their immunoadjuvant 
properties [23, 24]. 

In this regard the literature reveals that growth 
inhibitory effects of retinoids have regularly been 
obtained in systems where an immune response to 
the tumour was demonstrated, or where tumour 
immunogenicity can be inferred, e.g. by virtue of 
their induction by certain chemicals (e.g. polycyclic 
hydrocarbons), particular viruses (e.g. SV40, M- 
muSV) or by their transfer to histoincompatible hosts 
(see Table 1) [19, 20, 22, 25-31]. For example, Den- 
eufbourg was able to increas~ the regression rate of 
sarcoma J by TMMP-EE; this tumour is subject to 
"unique immune control mechanisms" in syngeneic 
mice [28]. Patek et al. [22] obtained significant growth 
inhibition by retinoic acid (RA) with S-91 melanoma 
in allogeneic mice (this effect was lost if they were 
immunosuppressed by thymectomy plus irradiation, 
(TX1), and with L-33 tumour which expresses anti- 
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Fig. 1. Retinoid chemistry. 
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gens associated with SV-40 virus transformation in 
syngeneic mice. It was also shown that S-91 mela- 
noma was strongly suppressed by retinyl patmitate 
in allogeneic mice but, again, not in animals immu- 
nosuppressed by anti- lymphocyte serum, and not in 
Ft hybrid mice which shared H-2 antigens with the 
tumour  [19, 20]. These results are significant since 
S-91 me lanoma  cells are extremely sensitive to reti- 
noids in vitro [32], and it has been suggested that 
their growth inhibition in v iuo is due to a direct effect 
of retinoids on tumour  cell proliferation. However ,  
the lack of effect of retinoids in histocompatible 
mice, or in immunocompromised  allogeneic hosts, 
suggests that in vitro responsiveness does not necess- 
arily predict in v ivo  sensitivity, and where tumour  
growth inhibition in v ivo  is obtained,  it may depend 
on a quite different mechanism requiring interaction 
with an immunocompe ten t  host. 

In an at tempt  to clarify further the potential  of 

retinoids to control the growth of transplantable 
tumours  in viuo,  and to investigate systematically 
the contribution of direct and indirect modes of 
action, we chose to test in vitro and in v ivo  the 
retinoid response of a variety of tumours  (chemically 
induced, virally induced, and "spontaneous")  of 
recent origin and defined immunogenici ty  [33-36]. 
We selected T M M P - E E ,  an aromatic analogue with 
a ten times more  favourable therapeutic  ratio than 
retinoic acid [6], to minimize toxic side effects in 
v ivo,  and its active derivative (TMMP) [12] for use 
in vitro. All the tumours  arose or were induced in 
our own inbred strains of mice and were used during 
their first twenty transplant generations. All studies 
were carried out in mice of the same strain and sex 
as the primary tumour  host to eliminate spurious 
immunogenici ty  due to H-2 or H-Y incompatibility. 

The results obtained are summarized in Table 2. 
Four  out of six fibrosarcomas, one of three squamous 
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Table 1. Tumour immunogenicity 

1. Postive 
(a) Chemical carcinogens tend to produce turnouts with 

unique antigens; they can be potent immunogens 
(b) Transformation with certain viruses (e.g. SV40, M- 

muSV) leads to expression of strongly immunogenic 
surface antigens 

(c) Some "spontaneous" tumours express weak or strong 
immunogens; they may be sufficient to induce 
regressions in syngeneic hosts 

(d) Any tumours transferred to histo-incompatible hosts 
will evoke immune responses to H-2 antigens (unless 
serially transplanted as allografts--see 2b) 

2. Negative/Undetectable 
(a) Many "spontaneous" tumours do not evoke detectable 

transplantation immunity 
(b) Immunogenicity is reduced by serial transplantation; 

the rate of loss may vary [33] 
Tumour-associated and/or H-2 antigens can be lost 

(c) No antigens, however strongly immunogenic, can evoke 
specific immunity in immunosuppressed recipients 

(d) Non-productive transformation with certain viruses 
(e.g. KiMSV, mMTV, Harvey sarcoma virus) leads to 
little or no immunogenicity 

e.g. 
DM6 
FS6 
L-33 

ST3 
SaJ 

S-91 

e.g, 
SM1 
ST4 
DM6 
FS6 
3LL 
FS6 
DM6 
S-91 
MT1 
KA31 
HT3-2.1 

cell carcinomas and one of five mammary adeno- 
carcinomas responded to TMMP-EE treatment in 
vivo by reduced growth rates (first detectable after 
8-10 days) and in some cases (e.g. FS6) by complete 
regressions. The magnitude of the response was 
directly related to the immunogenicity of a particular 
tumour, and eight tumours that failed to respond to 
the retinoid did not evoke detectable transplantation 
immunity in syngeneic recipients. When the host 
response to tumour antigens was abolished by any of 
three different immunosuppressive procedures (500 
rads whole body X-irradiation; TXI, Cyclosporin A 
treatment), the tumour response to retinoids was 
abrogated. Also, in two cases, FS6-FS6M1 sarcomas 
and DM6 carcinomas, the ability of the tumours 
to evoke host immunity diminished during serial 
transplantation; in both cases this was accompanied 
by a loss of response to retinoids in vivo. 

The growth rates of most of the tumours in vitro 
were unaffected by the presence of TMMP at 10 -6 
or 10 -8 M concentrations. Growth inhibition of MT3 
carcinoma was obtained at both concentrations, 
although this tumour was unresponsive to retinoid 
in vivo. Growth inhibition of MT1 carcinoma was 
obtained with 10 .-6 M retinoid using a cloned cell line 
of epithelioid morphology, but not using a cell line of 
fusiform morphology derived from the same parent 
tumour [34]; neither line was responsive to retinoids 
in vivo. 

No evidence of increased differentiation in 
response to retinoids was obtained; the morphology 
of tissue cultured cells was not altered; and the 
frequency of "dome" formation in the mammary 
carcinomas and of keratin production in the squa- 
mous cell cultures was not affected significantly. 
Histological sections of tumours grown in retinoid- 
treated mice did not give any evidence of increased 
differentiation, but a more pronounced lympho- 
reticular "cuff" around regressing tumours was a 

common feature, and enzyme-disaggregated 
tumours from retinoid-treated mice were found to 
contain a significantly higher proportion of host 
mononuclear cells. 

Effect of  retinoids on spontaneous metastas& of 
experimental tumours 

Very few studies have attempted to investigate 
systematically the effects of retinoids on the dis- 
semination of cells from a primary tumour and their 
colonisation of distant sites, although it would seem 
to be a neglected and possibly fruitful area of inves- 
tigation. Whether acting by inhibition of cellular 
proliferation, induction of differentiation or aug- 
mentation of host anti-tumour defence mechanisms, 
micrometastases might present as accessible a target 
as early primary lesions. 

Ito, in his study on the effects of TMMP-EE on 
rabbit carcinomas [12], noted a reduction in the 
number and size of pulmonary metastases in retinoid- 
treated hosts (in the absence of effects on the primary 
tumours), although no data were given, and the high 
dose of retinoid used (200 mg/kg) caused severe 
hypervitaminosis A. In contrast Weiss and Holyoke 
[39] described an increased frequently of lung 
metastases from a spontaneous mammary carcinoma 
in mice treated with retinyl palmitate. However, this 
study also suffered from the limitations that growth 
of the local tumours was very variable, and the mice 
again exhibited severe symptoms of retinoid toxicity. 
Morr6 and colleagues [40, 41] reported that, when 
rats were injected with a metastatic N-2 fluorenvl- 
acetamide-induced hepatocellular carcinoma 2 
weeks after initiation of dietary regimens containing 
either zero, adequate or excess Vitamin A, the inci- 
dences of metastases were 60, 75 and 0%, respect- 
ively, suggesting that dietary supplements of Vitamin 
A can abolish spontaneous metastases. Again, we 
are given no data on the response of the primary 
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tumours to these regimens,  although the growth of 
other  (non-metastat ic)  hepatomas was inhibited by 
either Vitamin A deficiency or excess. 

It is important  that the possible therapeutic effects 
of retinoids on metastasis be sought in animals not 
suffering severe toxicity, and in which the growth of 
the local tumours  is taken into account: apparent  
inhibition of metastases may merely be due to the 
propensity of tumours  to grow less well in poorly- 
nourished or sick animals [14, 42], and since the 
probabili ty of metastasis is l inked to development  of 
the primary lesion, a growth inhibition of the latter 
would inevitably lead to an apparent  reduction in 
metastatic disease. This is illustrated by the work of 
Kurata and Micksh6 [15] investigating the combined 
ant i tumour effects of BCG and retinyl palmitate.  
The Lewis lung carcinoma responded to this treat- 
ment by reduced growth rate and, if mice were killed 
at 28 days, the mean number  of lung metastases was 
7.05 compared  with 59.3 in the controls, and some 
t reated animals had no discernible lung tumour.  

However ,  if the observation period was prolonged,  
all mice eventual ly died of lung metastases, showing 
that no real control  of disseminated disease had been 
achieved. 

Some experimental  results from our laboratory 
are summarised in Fig. 2. The tumours  are the same 
as those illustrated in Table 2. T M P P - E E  was found 
not to inhibit metastasis of non- immunogenic  
tumours (e.g. SM1, DM6 p20, CA1,  MT3),  but 
significantly decreased the incidence of secondary 
disease of moderate ly  immunogenic  tumours (e.g. 
DM6 p7 and p l0 ,  and FS29). In many cases lymphatic 
metastasis, which was a common occurrence in 
untreated animals, was completely abolished by 
T M M P - E E .  Metastasis was also absent in retinoid- 
t reated animals bearing the strongly immunogenic  
tumours  FS6, FS19 and DM6 p5, but since the inci- 
dence in control animals was only 10-20% (and most 
FS6 tumours  regressed completely)  this difference 
did not achieve statistical significance. These results 
are comparable  with those repor ted  by Tannock et 
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Fig. 2. Effect of TMMP-EE and host immunocompetence on spontaneous metastasis of syngencic 
tumours. All tumours were grown s.c. and (except regressor FS6) excised at 8-10 mm mean diameter. 
Animals were observed for up to 1 year for development of metastases. Key: ( ' )  80% regressions; (*) 
LN metastases abolished; (**) Retinoid treatment initiated 18 days before tumour inoculation: all other 
treatments began on day 0; L = lung; LN = lymph node; K = kidney; LV = liver; X = 500 rads whole 
body X-irradiation; NU = congenitally athymic (nu/nu) mice; and CYA = Cyclosporin A, 200 mg/kg/  .... 
day. No inhibition of metastasis was obtained for tumours FS12, FS13. MT1, MT3. ST4. CA1, and 
DM2 (Ref. 38 and S. A. Eccles etal., Cancerlrnmunol.  bnmunother . ,  in press (1985)) (data not shown). 
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al. [43] where local turnout control was achieved 
by irradiation rather than surgery. The metastatic 
incidence of a moderate ly  immunogenic  carcinoma 
was reduced from 56 to 295'~ by Vitamin A treatment;  
the incidence of metastasis from a strongly immu- 
nogenic sarcoma was too low to determil~e any 
benefit. 

Note also (Table 2) that with serial transplantation 
the incidence of metastasis of DM6 carcinoma gradu- 
ally increased from 20% at passage (p) 5 to 101/% at 
p20, and that the :nhibitory effect of retinoids on 
spontaneous metastasis was concomitantly reduced. 
In three categories of immune-depr ived  mice (con- 
genitally athymic nu/nu:  sublethallv, irradiated: and 
Cyclosporin A treated) ,  the incidence of spon- 
taneous metastasis was increased significantly, and 
in these animals the retinoid had a markedly reduced 
therapeutic benefit. 

The effects of T M P P - E E  on spontaneous met- 
astasis therefore  mirrored its effects on the primary 
tumours,  i . e .  a degree of tumour  immunogenici ty  
and immunocompe ten t  host seemed to be obligatory 
for successful inhibition of tumour  growth in both 
cases. It is important  to note that in our studies the 
animals remained healthy throughout  and beyond 
their 3-4 week course of retinoid treatment.  Also.  
although the effects on a local tumour  and its 
metastases were comparable ,  the reduction in secon- 
dary disease was not merely a consequence of limited 
primary tumour  growth since tumours in which reti- 
noids induced a growth delay were allowed to remain 
in situ until the} achieved thc same size as control 
tumours  at excision (i.e. 8-10 r a m )  

Can retinoids signi[icantly inltuence tumour.~ oJ weak 
or undetectable immunogenic i ty?  

The data presented so far suggest that retinoids can 
have profound effects on the primary and secondary 
growth of tumours  which evoke a strong immune 
response in their hosts (directed ei ther against I-t-2 
antigens, virallv associated antigens, or those 
induced by mutagenic carcinogens).  However ,  there 
is no doubt  that such strong immunogens,  while 
useful for exploring the limits of immunotherapeut ic  
and immunoadjuvant  protocols,  and for dissecting 
which components  of the host defence mechanism 
can be st imulated to el iminate antigenic neoplastic 
cells, are nevertheless of little relevance to cancer in 
man. Monoclonal  antibodies have identified manv 
human tumour--associated "ant igens"  [441. These are 
by and large normal cellular components  abnormally 
expressed, or differentiation antigens not normally 
present on adult tissue or non-proliferating cells. 
Whether  any such antigens can act (or be induced to 
act) as immunogens  or whether  all are immu- 
nologically inert in the host due to self-tolerance 
remains to be determined.  

There  is some evidence that retinoids, alone or in 
combinat ion ~i th other  t reatments,  can influence 
weakly or non-mmmnogenic  tumou~ systems under 
defined conditions. Malkovsky et al. [3{1.31 ] studied 
the effects of diet supplemented with Vitamin A 

* S, A. Eccles ~'~ al., Ca~lcer lmm,.m,d, hn~*;unother., in 
press (1985). 

acetate ( R A A )  on the growth of a me thv lchof  
anthrene-induced sarcoma (McSa-1) and a Harvey 
sarcoma virus induced tumour  (HT 3-2.1I in syn- 
geneic mice. The growth of the immunogenic  McSa- 
1 was inhibited by R A A .  but neither the R A A  diet 
nor pre- immunisat ion could increase the resistance 
of mice to the ttT3-2.1 tumour,  which was therefore 
considered non-inlmunogenic,  t tm~ever,  a com- 
bination of pre-immunisat ion and the RAA-sup-  
p lemented diet specifically increased the survival of 
mice challenged with HT3-2.1 cells, allowing (or 
inducing) their " 'hidden" immunogenicity to be 
expressed. The maximum resistance to tumours was 
observed when dietary supplements were initiated 
3-4 weeks betore tumour  challenge; no effects were 
obtained if t reatment  was delayed until thc dav of 
tumour  inoculation. Similar results a c r e  reported by 
Patek et al. [22] with the weakly immunogenic  EL4 
lymphoma,  and we also found that the effects of 
retinoids on tumour  growth and metastasis were 
dose and time dependent .  Thus, tumours expressing 
strong antigens (e,g. FS6) could bc controlled by 
relatively low doses of retinoid administered after 
turnout cell inoculation,  whereas turnouts of weak or 
undetectable immunogenici ty (e.g. FS6MI ) required 
higher doses and /or  pre t reatment  for an effect to be 
obtained (see Fig. 2 and Table 2: and S, A. Eccles 
et al.*). Even with this "op t ima l"  regime, however,  
certain tumours  were still refractory to retinoid treat- 
ment in uivo. 

Several investigators have shown that, ili systems 
where retinoic acid analogues alone produced little 
or no inhibition of tumour  development ,  theft com- 
bination with other  t reatments  produced additive o~ 
synergistic benefit. Most of the studies used retinol 
or rctinvl palmitate,  and enhancement  of the effects 
of radiation [43,451. cvtotoxic drugs [14.45-4sl  a~d 
bacterial adjuvants (e.g. BCG and ( 'orvnehaclerium 
t)ar~um) [15. 16.21] were obtained.  l~annock ct a/. 
[43] reported that Vitamin A could reduce the dose 
of X-irradiation necessary to control a mouse 
sarcoma, and that this effect was abolished by prior 
immunosuppression.  Seifter el a/. [45] found that 
Vitamin A or fi-carotene {a dietary precursor ~f 
Vitamin A)  combined with local irradiation caused 
1(10{~ "comple t e "  regression of a murine adeno- 
carcinoma, whereas mice receiving radiation or 
dietary,' supplements alone all died within ~ months. 
The remarkable  feature of this series ~f experiments 
is that, if tile diet was returned to normal one year 
after lhe tumours had disappeared,  most of the mice 
that bad received supplemcntar_~ \ i t a m i n  A, and 
about 30G of those fed/~-carotene dcvch,ped recur- 
rent tumours:  all of the mice still maintained on 
either diet remained tumou:  free. -Fine grcater resid- 
ual protection afforded by fi-carotcnc ~as suggested 
as being clue to its greater  tissue storage. Nathanson 
et a/. [141 sho~ed  that Vitamin A could enhance 
the effect of low dose cycloph~sphamide against 
~lll ostcogenic sarcolTla alld nli lmlllar\ .  CalCiIlOlnll iI1 
mice, but that p re t rea tmem with retinoids was ~cc- 
essarv to obtain real therapeutic ~!dvanlagc. 

The superiority of pret~eatmcnt regimens 
[14.22, 23, 35, 40, 41 ~] plus the facts that (a) in some 
s \s tems inhibition ~f mmour  growth max take about 
111 days to bee(rant evident {48.' 1 (b) the %nelglstic 
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effects ol retinoids can be abolished by immu- 
nosuppression [43], and (c) tumour cells are not 
necessarily destroyed, but may merely be held in 
check [45], argue against a direct cytotoxic effect of 
retinoids augmenting the cytotoxic effects of radio- 
or chemotherapy. Rather, these features suggest that 
in combined therapy their effects are again primarily 
mediated by immunopotentiation of host anti- 
turnout effect mechanisms. 

Mechanism o f  action qf retinoids in inhibitory effects 
on tumour growth in vivo 

Adut, jant properties. Dresser [49] defined as an 
adjuvant any agent capable of aborting the tolerance 
normally evoked by a soluble antigen, bovine gamma 
globulin (BGG),  and showed that immunity to BGG 
could be induced if mice were pretreated with Vit- 
amin A [50[. Since then many retinoids have been 
shown to possess true adjuvant activity in the induc- 
tion of humoral and/or  cell-mediated immunity to a 
variety of antigens [9.24, 51-54]. 

Of more direct relevance to the present discussion 
is the evidence that a variety of retinoids can augment 
the host response to weak transplantation- and 
tumour-associated antigens. R A A  and retinol were 
shown to hasten H-Y incompatible (male--+female} 
skin graft rejection in syngeneic mice, and these 
compounds and retinyl palmitate specifically 
increased the resistance of mice pre-immunised with 
syngeneic weakly immunogenic turnouts [29-31, 55]. 
Also, lymphoid cells from retinoid-treated mice have 
been shown to possess an enhanced ability to kill 
mmour cells ip~ ~,itro [3(I, 56, 57] and in ~,i~o [58, 59] 
and to transfer immunity to naive recipients [55, 60]. 
It is of interest that, whereas low doses (25-300 ug/ 
mouse/day) of fi-RA and all doses tested of 13-cis 
RA, retmyl pahnitate and TMMP stimulated immun- 
ity [56, 58, 59] high doses of fl-RA were toxic and 
immunosuppressive. This fact may help to explain 
the generally more reproducible and beneficial 
effects of low dose RA and retinol [27, 61] and of 
the less toxic aromatic analogues [6-8, 1 I]. 

The enhanced immunogenicity of tumours in reti- 
noid-treated hosts could be due to an effect on the 
expression of tumour antigens and/or  the response 
of the host to existing antigens. Regarding the 
former, as noted above, soluble antigens (which 
many tumours are known to shed) may be rendered 
immunogenic rather than tolerogenic by retinoids, 
and the effects of retinoids on tumour cell or stromal 
cell membranes may modify antigen expression. This 
effect is apparently demonstrated by an allogeneic 
transplantable rat chondrosarcoma which regresses 
in rats treated with 13-cis RA [62] TMMP, TMMP- 
EE and TMMP-EA [63]. It has been suggested that 
specific inhibition of glycosaminoglycan synthesis in 
neoplastic cartilage bv retinoids results in loss of 
matrix and exposure of antigens which renders the 
turnout susceptible to immunological rejection 
[63-651. In other systems it was clearly shown that 
the antigenicity of tumour cells was unaffected by 
retinoid treatment in vitro or in vivo [30, 56]. 

It has been proposed [66] that a common mech- 

* S, A. Eccles et al., Cancer lrnrnunol. Irnmunother., in 
press (1985). 

anism of action of adjuvants is to alter lymphocyte 
circulation and increase their localisation in stimu- 
lated lymph nodes, one of the most important events 
in the initiation of an immune response [07]. Dresser 
et al. [681 showed that retinol is indeed able to 
mediate this effect, and inhibition of trapping of 
labelled lymphocytes in antigen-stimulated nodes of 
Vitamin A deficient rats has been described recently 
[69]. 

Although the component parts of the immu- 
nological network exist in a complex and inter- 
dependent array [70, 71], it is important to try to 
dissect further the site(s) of action of retinoids in 
vivo. 

T lymphocytes. The preceding sections have indi- 
cated that retinoids can specifically augment antigen- 
induced T lymphocyte proliferation and activation. 
Also, the fact that T cell selective immuno- 
deprivation (e.g. invoked by athymy or Cyclosporin 
A) can abrogate the retinoid-induced inhibition of 
tumour growth and/or  metastasis suggests a pivotal 
role for this cell type in the in ~ivo response. More 
detailed investigations have revealed that it is the 
Ly 1 subset of the mouse T-lymphocyte population 
that is increasingly represented in lymphoid tissues 
responding to retinoids, and that it is responsible for 
transfer of resistance to unprimed hosts [31,60]. This 
is a significant observation, since although cvtotoxic 
lymphocytes of Ly 23 phenotype [72] capable of 
killing tumour cells in vitro are induced by RA [57] 
these cells have little or no effects in vivo [73]. 
Rather, increasing evidence suggests that the non- 
cytotoxic T-"helper" (Ly 1) lymphocyte population 
is responsible for inhibition of syngeneic turnout 
growth [73-77] by eliciting a delayed hypersensitivity 
reaction involving other mononuclear cells. Also, 
since the induction of the activity of Ly 23 and ky 1 
cells is macrophage dependent,  the observed effects 
do not prove that either of these T cell phenotypes, 
or their Ly 123 precursors constitute the prime target 
for retinoid immunopotentiation in vivo. 

Mononuclear phagocytes. Although the T-cell 
dependence of certain retinoid effects in l~ivo is 
readily demonstrated in T-cell deficient animals, the 
equivalent state of monocyte and macrophage neu- 
tralisation is not easily (if at all) achiew~bte. Dendritic 
antigen-presenting cells and/or  macrophages are 
critically important at each stage in the evolution of 
immune responses to tissue antigens, and the latter 
have also been directly implicated in an effector 
capacity in both non-specific and specific elimination 
of neoplastic cells [36, 76]. Their activities, in turn, 
are dependent on, or enhanced by, lymphokines [77] 
and some may be indirectly abrogated by T-cell 
depletion. 

We found that silica and carrageenan (which are 
toxic to phagocytic cells [78-81]) did not interfere 
with the inhibitory effects of TMMP-EE on local 
tumour growth, but did prevent the abolition of DM6 
carcinoma metastasis by retinoid.* These agents 
have also been shown to potentiate local tumour 
growth [82, 83] or metastasis [84], and the complexity 
of events elicited after MPS damage [8(![ and the 
divergent effects on primary tumours and metastases 
in different systems render interpretation of the com- 
bined effects with retinoid difficult. Further studies 
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with a wider variety of macrophage inhibitors, reti- 
noids and turnouts are clearly required.  There is. 
however ,  already some evidence that retinoids can 
ml]uence macrophage activity. Frost and Lance [66] 
suggested a link between macrophage function and 
the action of adiuvants including retinoids, and the 
stimuhtlion of antibody production to the T-inde- 
pendent ant igen dinitrophenylated-lysyl-Ficoll  was 
interpreted as being dt, e to stimulation of the MPS 
and enhanced ent rapment  of lymphocytes in the 
spleen [8~,1. Rhodes  and Oliver  [86] showed that 
physiological concentrat ions of retinol could exert 
potent  regulator~ effects on macrophage function, 
reducing Fc rcceptor  expression and increasing pro- 
duction of a tumoricidal enzyme,  arginase [87]. Simi- 
larly. Tachibana ('t a/. [88] showed that RA.  retinol 
and retiuvl palmitatc could render rat alveolar 
macrophages lumoricidal  against syngeneic mam- 
mary adenocarc inoma cells. Direct  interaction with 
rctinoid in t,itro was also able to mediate this effect. 

It is possible, therefore,  that indirect or direct 
activation of macrophages by retinoids may con- 
tribute to inhibition of turnout growth in uMo. The 
fact that xenograf ted tumours  m athymic animals 
may be susceptible to growth inhibitory effects by 
retinoids [(~1] is soinefimes quoted as evidence of 
direct (non-imnmnological)  intervention,  f towever ,  
while T-cell dependent  immune functions are 
delicient in such animals, non-specific defence mech- 
anisms inediated by macrophages and NK cells are 
not [89,90]. Indeed,  these effectors may be more 
important  than T-cells m the response to xenoan- 
tigens [9!, 921 and their cytotoxic activity can be 
directly stimulated by adjuvants [93]. Retinoid treat- 
ment of neonatal  nu/nu animals whose NK and 
macrophagc fuuctions have not matured would cla- 
rify whether  tllnlotlrs could respond directly to reti- 
n(iids M' l,il,o. 

In studies in our laboratories,  the level of tumour-  
infiltrating host cells (mainly mononuclear  phago- 
cytes) was increased in TMMP-EE- t r ea t ed  animals, 
suggesting an enhanced local cel l-mediated immune 
response to tumour  antigens which may secondarily 
limit disseminatiorl find metastasis [36, 94-97], Since 
Mort and Koba\ashi  [98] also noted that TMMP-  
E[{ induced marked  histiocytic and " ' round cell'" 
infiltration in primar?, chemically-induced tunlours, 
it is un l ikeh  that this phenomenon  is fin artefact of 
t ransphmtcd tumours .  

X/< cel/.~. The role o f  N K  (na tura l  k i l le r )  cells iri 
the g rowth  and d isseminat ion of  sol id tumours  in 
f,i~,(., remains cont rovers ia l  since most  establ ished 
non - l yn lp t l o id  tun /our  cells need to be cu l tured in 
p i f ,  r ( ,  ~ f o r  s( ' !nle  t ime before a n y  sensitivity to NK cell 
activity is acquiled.  All of the tunlotns in our studies, 
:nld those of  Mcdawar  fnld colleagues are resistant 
to NK cells, and ~ct responded to retinoid t reatment  
in tquo. Some sltidics have shown that retinoids can 
activate NK cells [99, 10(I l. others that their effects 
are inhibitory {l(t/]. Thus, there is no consistent 
association bet~\een retmoid response to tumours 
and stimulation of  NK activity in i~iuo. 

Endothelial ce/l.v. A much neglected yet interesting 
and important  tissue is the vascular endothel ium, the 
cnlbr~onic dc\c{tH~lnent of  which is retinoid dcpen- 
7,>~: ;l~:l !~, i ! , ,  t,. l~!~<rJnin-..stl.f:~rfrombcing{/l l inerl 

conduit,  it is clear that there are dynamic interactions 
between immunocompeten t  cells, tumour  cells and 
endothelial  cells which may be significant m the 
initiation, progression and resolution of immune 
responses [102], and tumour  growth and metastasis. 
Cells of the high endothelial  venules (lIEN z) in stimu- 
lated lymph nodes produced a sulfated glycolipid 
that may interact with recognition molecules on lvm- 
phocytes and contribute to their accumulation 
[103, 104], and endothelial  ceil proliferation is stimu- 
lated by factors produced by T-helper  cell and macro- 
phage interactions [1(/5. 106] Act ra ted  lymphocytes 
can also induce expression of t i L A - D R  (la like) 
antigens on endothelial  cells [1(}7]. These deter- 
minants can aid the presentation of antigens, and 
their co-expression with turnout antigens max 
influence the developing immune response. In 
addition, growing turnouts e~oke neovascularisatiou 
and must interact with capilhtr} endothelial  cells in 
their invasion of surrounding normal tissue and. 
again, following dissemination in blood and I)mph. 
extravasation must occur before metastatic colonis- 
ation of secondary sites can be accomplished. 

There are many potential ways in which retinoids 
may influence these interactions, e.g. bx their acti- 
vatlon of T-helper  cells and macrophages,  and b \  
their role in the synthesis of glx.coconjugates such 
as glycosaminoglycans, proteoglycans, glycoprotein> 
and glycolipids which arc essential to specific cell 
cell recognition,  adhesion 'and interaction 
[9, 69, 1(_)8. 109]. With techniques currently axailabtc 
(e.g. the cultivation of capillary endothelial cells and 
their coculture with tumour  cells a n d ' o r  immu- 
nocompetent  cells, and the quantitation of Ixm- 
phocyle traffic through isohtted perfused nodest.  
investigations of retinoid activity in these systems 
could yield important  new information on their Iqo- 
logical and biochemical effects. 

Prostaglandi#Ls. The prostaglandins rcplesenl  a 
major  class of intercellular messengers, and mat 
modulate  a variety of immunological  responses l lldl 
and also the metastatic process [111]. Rctinoids ha \ e  
been shown to induce the synthesis of prostaghmdms 
[112], and thus may indirectly affect blood ltox~. 
lymphocyte migration,  chemotaxis,  phitclet actix i t \ .  
cAMP-dependen t  functions and a varlet \  ,.fl intcT- 
actions between normal and malignapt cells. 

Retim)ids and cell membranes 

Space does not permit more than a brief summar,. 
of the interactions of retinoids with normal and neo- 
plastic cell membranes ,  which haxe been the sub ect 
of several reviews [4, 9. 10]. Fhc present discussion 
will centre only on those aspects which max or ill'<t', 
not determine the i#~ m~,o activity of retmoids. 

CelhUar retim)l and rctinoid acid h t  di, V t'r~tcins 
( cRBP amt cRABfO.  Cellular binding piotcms lor 
retinol and R A  have been demonstra ted on a ; a r i c t \  
of cells, and this has led to the suggestion that their 
modes of action resemble steroid hormo~les: i.e. tllat 
re t inoid-prote in  conjugates arc transported to the 
cell nucleus where thev bind to chromatin and aflect 
gene expression I113. 1141. t lowever ,  in ~,i/,<~ this 
action should be independent  ,~f host inlllltulv sttlttis 
(whereas m a n \  t t ln lour  ~YOv~Ih i nh ib i t o r \  el lcots 
apparen t l }  4re ilt)t }. A lso.  lhe~c i., i l~ cl~';ii-c'!tt ;i,:~,~ci- 
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ation between the levels of these proteins and the 
susceptibilities of different tumours to retinoid 
effects, and indeed in several cases profound effects 
have been obtained in the absence of either protein 
[115-118]. These data suggest that the tumour-inhibi- 
tory effects of retinoids can be dissociated from their 
differentiation-promoting activity in many cases. 

Glyconconjugate biosynthesis. In vitro and in vivo 
investigations have revealed that retinol can control 
glycosylation of specific glycoproteins, and that reti- 
noic acid (and other retinoids) may substitute for 
Vitamin A in promoting glycoprotein biosynthesis 
[1(/8]. It is not yet known whether retinoid regulation 
is exerted at the level of transcription, or at a post- 
transcriptional stage by direct effects on lysosomal 
or cell surface membranes [119]. It has already been 
noted that glycoconjugates are critical in the social 
behaviour of cells, and changes in carbohydrate 
expression and glycosyltransferases have been pro- 
posed to account for the acquisition of enhanced 
metastatic capacity during tumour progression, and 
may explain some of the "organ-selective" patterns 
of metastasis [34,120]. Recent evidence suggests a 
further role for glycosyltransferases in T-cell rec- 
ognition and possibly other more primitive recog- 
nition systems. It has been proposed that the major 
histocompatibility (MHC) locus controls families of 
carbohydrate, as well as protein histocompatibility 
antigens, and that the glycosyltransferases which 
construct the former antigens therefore play a central 
role in MHC restricted recognition by T-cells and 
act as "'anti-self" receptors [121]. The implications 
for retinoid modulation of this system by interactions 
at the gene level or at the cell surface are obvious. 

Fibronectin (FN) is a cell surface glycoprotein, 
widely distributed on cells and in sera, and is a 
major structural component of connective tissue, 
in particular the basal lamina of endothelial cells 
[122,123[. It has been suggested that the capacity 
of turnout (and embryonic) cells for migration and 
invasion is related to their reduced levels of cell 
bound FN compared with normal adult cells [124]. 
Retinoids have been shown to be capable of stimu- 
lating the production of FN in fibroblasts and pap- 
illoma cells, but not in transformed fibroblasts or 
carcinoma cells [125,126]. Thus, while this activity 
of retinoids may play a role in the inhibition of 
tumour promotion in carcinogenesis, it is unlikely to 
account for the inhibition of growth and metastasis 
of frankly malignant cells. 

L ysosornal membrane labilisation. Retinoids have 
been shown to labilise cell membranes and cause 
release of lysosomal enzymes with consequent cell 
lysis [127,128]. This activity has been proposed to 
account for their ability to promote the anti-tumour 
effects of radiation [43] and chemotherapeutic drugs 
[51]. However, R A A  was found to be 1/100th, and 
RA 1/10th as "membrane-active" as retinol [47], 
yet all three compounds have significant effects on 
tumours in vivo (first and second sections of this 
paper).  Also. the doses of retinol used by Rettura, 
Seifter and colleagues [25, 27, 45] were much lower 
than those required to cause lysosomal damage, and 
yet gave significant inhibition of tumour growth 
alone, or in combination with X-irradiation. It is 
likely rather that the toxic effects of retinoids, and 

some of the symptoms of hypervitaminosis A are due 
to the release of lysosomal hydrolases. Therapeutic 
effects are probably not dependent upon this activity 
except perhaps in that the release of arginase and 
other enzymes from retinoid-stimulated macro- 
phages may contribute to tumourcelldestruction. 

Conclusions, outlook and future work 

The direct effects of retinoids on the growth and 
differentiation of normal and neoplastic cells are 
rightly receiving much attention, and it was an inter- 
esting exercise to enquire instead into the role of 
indirect, host-mediated activities of retinoids in the 
control of established tumour growth and metastasis, 
some of which are illustrated in Fig. 3. It came as some 
surprise to discover the extent to which the apparently 
confusing data could be resolved when tumour 
immunogenicity and host immunocompetence were 
taken into account, particularly if a liberal inter- 
pretation of "immunity" to include non-specific 
defences is adopted. While by no means providing a 
complete alternative explanation of in vivo retinoid 
action, I think the data sufficiently compelling to merit 
the inclusion of assays of immunopotentiatory activity 
in the evaluation of new retinoids. There is some 
evidence that different classes of antigens (e.g. protein 
vs carbohydrate) may evoke qualitatively and 
quantitatively different immune responses; also that 
early incipient neoplasia, progressively growing local 
tumours, and disseminated micrometastases can 
invoke (or subvert) different components of the host 
immunoregulatory network. Further work on the 
structural requirements of retinoids (and their 
metabolites) for optimum and selective effects on 
proliferation, differentiation and potentiation of 
all the different facets of "immunity" is imperative. 
Also, analysis of the precise cellular and molecular 
bases for these physiological effects is required, and 
the ever-increasing sophistication of recombi- 
nant DNA technology is expected to shed new 
light on the dark and mysterious machinery of 
retinoid-induced changes in gene expression and 
membrane function. 

The fact that pretreatment with retinoids and/or  
combination with other treatment modalities was 
generally found to be necessary to obtain any effects 
on tumours of very weak or undetectable immuno- 
genicity suggests a limited potential for the current 
generation of retinoids in an adjuvant therapeutic 
setting. However, the possibility exists that this may 
be improved if means are found to render tumour 
associated antigens intrinsically more immunogenic 
in the autochthonous host, or if selective inhibition 
of suppressor cell activity could be achieved. In the 
meantime, retinoids are already being tested clini- 
cally, and promising results are being obtained in 
prevention and therapy of precancerous and can- 
cerous conditions [129-131] and in the restoration of 
immunocompetence in patients suffering impairment 
of lymphocyte or macrophage function due to malig- 
nant disease, surgery or chemotherapy [132-134]. It 
is hoped that the combined approaches of analytical 
and empirical research will yield new insights into 
the complex and diverse activities of retinoids, and 
thus allow their full potential to be realised. 
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Fig. 3. Schematic representat ion of some direct and indirect effects of retinoids which may influence 
turnout growth and metastasis in vivo. (A) Immunogenicity of membrane-bound and shed soluble 

ur cells (T) may be enhanced• (B) Activated T-killer (Ly231 or T-helper (Ly 11 
antigens of tum o . ~ ~ .u.Z.,i,, (BD or indirectly (B2) via activation of macrophagcs (M). (C) 

tin l - dependen t  glyc°c°ni ugate (g)-associated 
lymphocytes (L) are mauceu ~, . . . . .  ~ ~ " lec . ( . )  . . . . . .  ~ ;~ ,urn  stimulate expressmn 
Trarmine of L in lymph nodes is enhanced via 

• ent antigen presentation and L accumulation. E int~acti~n with endothelial cells (El  and dendritic cells (D). mcuvatcu . . . . . . .  
~- . . . .  " • ti e n s o n E w h l c h m a y f u r t h e r a u g m ~  _.~..7w a¢ i v a t e d M a n d L . ( D )  Enhaneed 
ut ~ , n d  I.a hlse.an -g:d b" angiogenesis factors taJ proauceu ~y - - -  act • onse to lymphokines, lk) may limit T invasmn 
proliferauon ]s mauc y " ' " of M in rimary tumours (p robabIym resp~,,orod olvcoorotein metabolism may influence 
accumulation . • ,~P r. ,  . . . . . .  / ,~ns terase  activity auu ,, . . . .  ~' ~, . . "  ., ~... o (FD or indirectly (F21 
and disseminauon, tL} uty~t']y,2*~:_~ ~ I- h,, M (F) M activated mrecuy uy ,-  ~ 
localisation of metastases, ann mnumg . . . .  a * "  " " is e . .  l mph node, lung) may kill T bv release 

tar et organs for metastas ( g Y: ' flow activity of L and M 
by lk in primary tumour or m (~g R can affect vascmar permeabdltY, blood , - 
.of lvsosomal hydrolases (lh). and platelets, prostaglandin levels, etc., and thus survival of circulating T, 
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