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Uptake of fucose, glucosamine, galactose, and man
nose and the incorporation of these sugars into glyco
conjugates have been quantified in a model epithelial 
t umor, the basosquamous cell carcinoma of the rat . Fol
lowing isolation of glycoprotein and papain digestion, 
the fucosylated glycopeptides were fractionated accord
ing to molecular weight (Mr) and by affinity chromatog
raphy. 

Analysis of cellular material revealed a 2 - to 3-fold 
reduction in the proportion of high-Mr fucopeptides syn
thesized by the tumor compared with normal epidermis, 
accompanied by a profound block in the incorporation 
of galactose into glycoconjugates. Parallel investigation 
of carbohydrate removed from the cell surface with 
trypsin or spontaneously shed into the medium indicated 
a striking decrease in the total release of fucopeptides 
from the tumor; the Mr was (respectively) normal or 
increased. Thus the fucopeptide abnormality appears to 
be accounted for a lmost entirely by a shift toward ac
cumulation of low-Mr material at internal locations 
w ithin the cell . 

A number of transformation-specific a lterations in glycopro
tein metabolism ha ve been reported, mostly in ce lls of nonepi
tbelial origin [1 - 3]. These a re of considerable interest because 
ce ll s urface glycoprotein may be a m ajor determinant in cell 
behavior [4] and subtle changes in glycoprotein composition 
may r esu lt in profound disturba nce of homeostatic mecha ni sms 
regu lat ing d ifferentiation and growth co n t rol [5]. 

Unfortunately, litt le informat ion is so far available concern
ing malignanc ies o f epithelial origin. Here we present data 
regardin g glycoprotein synthesis, poo l s izes, a nd composition 
in a model tumor of thi s k ind, in a n e ffort to establish how far 
such changes may be genera l features o f m a lignancy. 

MATERIALS AND METHODS 

Mate rial 

T he W AG/ Rij rat skin nasosquamous cell carcinoma was selected 
fo r this study because it is relatively easy to maintain , is stable on 
repeated passaging, and its morph ologic and growth characte rist ics a re 
we ll documented [6] . A specimen of t his tumor was obtained from the 
Radiobiological Institute T NO, Rijswijk (Prof. Dr. G. W. Barendsen) 
an d was t ransplanted by i.p. injection of pieces of tumor of about 1 
mm 3 into WAG /Rij rats. The cellul ar DNA content of our material 
was 3.4 n (persona l communication. Dr. F. W. Bauer, Dept. of Der
matology, University of Nijmegen). Skin from healthy W AG/ Rij rats 
was used as control. 
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Abbrev iat ions: 
TCA: t richloroacetic ac id 

General M ethods 

The methods used have been reported prev iously and are summarized 
in Fig 1. Briefly, cells were isolated from keratotome slices by t rypsi n
ization in the presence of dithioerythritol [7] and suspended in TC199 
medium supplemented wi th 20% calf serum. Radioactive sugars (1 11 Ci / 
ml for 14C-labeled sugars or 10 11Ci/ml for 3H-labeled sugars) were 
added and the suspension was incubated at 37•c according to three 
t ime sc hemes [8]: (1) a single labeling period of 3 h (t = 3); (2) a si ngle 
labeling period of 22 h (t = 22); (3) preincubation in T C199 medium 
plus serum for 22 h followed by a labeling period of 3 h (t = 22/3). 

Total cellular labeled glycoconjugates were isolated by t richloroacetic 
acid (TCA) ext raction [8]. The "TCA-insoluble sugar" was furth er 
fract ionated [9] in to a "lipid fraction" (chloroform-methanol extrac
tion) and a "glycosaminoglycan and glycopeptide fraction" (papain 
digestion of chloroform-methanol extracted residue). Determination of 
t he shedding of labeled glycoconjugates into t he medium a nd iso lation 
of cell surface glycopeptides, released by trypsi n, from cells labeled for 
22 h were ident ical to t hose previously reported [10]. Glycopeptides 
were analyzed by gel fi ltration on Sephadex G-50 or by affin ity chro
matography on concanavalin A-Sepharose 4B as described earlier 
[llj. Some experiments were ca rried out using pronase in place of 
papain for glycoprotein digestion; the elution pattern of the oligosac
charides following gel fil t ration was essentially unchanged. 

The theoretical basis for our selection of labelin g ti mes and for our 
in te rpretation of data has a lready been presented [8]. In brief, up take 
and incorporation of suga rs by keratinocytes is linear for several hours 
and t he "short" experiments (t = 3) may be used to eva luate rates of 
synthesis. Equilibrium labeling (simi lar specific activities for a ll pools) 
is established by 22 h and the ratio of individual fractions at t his t ime 
indicates their relative pool size. Preincubation experiments (t = 22/3) 
are required to verify whether metabolic paramete rs remain co nstant 
during the equilibra tion period. 

RESULTS 

Uptahe and Incorporation of S ugars 

Data obta ined regarding the entry rates of suga rs in to kera
tinocytes (radioactivity in T CA-soluble pool at t = 3 a nd t = 
22/3), t he rate of synthesis of glycoconjugates (ratio of activ ity 
in T CA-insoluble :act ivity in T CA-soluble pool at t = 3 a nd t = 
22/3) , and pool sizes (activity in T CA-soluble a nd TCA-insol
uble pool at t = 22) are given in Fig 2. 

It is seen that the carcinoma cells take up a ll sugars more 
rapidly from the medium than do no rma l cells (Fig 2a). In 
contrast to the other sugars , t he rate of entry of ga lactose into 
no rma l and carcinoma cells declines considerably afte r 22 h 
preincubation in v it ro (t = 22/3) . For a ll sugars, excep t ga lac
tose, the radioactivity in the T CA-soluble pool of both types of 
cells at t = 22 is equal to t he level found at t = 3 a nd appears 
to be highe r for carcinoma in compa riso n with n orma l cells. 
The pool sizes for T CA- insoluble glycoconjugates of carcinoma 
cells (t = 22) are increased ove r those from norma l cells 
especially when mannose is used as precursor. ' 

The rate of synthesis of glycoconjugates (Fig 2b) us ing gal
actose as precursor appears to be strikingly lower for carcinoma 
cell s in compa rison with normal cells (Wilcoxon ra nking test, 
p < 0.01 fort= 3 and t = 22/3) . F or glucosamine a nd m a nnose, 
however, a higher ra te of incorporation has been found fo r 
carcinoma cells compared to normal cell s (Wilcoxon ra nking 
test, p < 0.01 and p = 0.01 , respectively , fort= 3) . 
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FIG J . General protocol for isolation of the various fract ions. 
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FIG 2. a, Radioactivity (cpm pe r 10" cells) in the TCA-soluble_ 
fractions (shaded ban;) and the TCA-insoluble fract ions (open bars) of 
rat carcinomas and controls. The figure above each bar indicates the 
number of specimens measu red, and the vertical lines represent the 
SEM. N = normal epiderm is, T = tumor. b, Ratios of TCA- insoluble 
to TCA-soluble activity. 

Composition of Total Cellular Glycoconjugates 

T he TCA-insolu ble materia l from t he t = 22 experi ments 
was extracted wit h chloroform -methanol to yield a "lipid frac
tion. " It is seen from Table I t hat, regardl ess of t he suga r 
employed, t he percentage of rad ioactivity in t his fraction was 
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t he same fo r t umors and cont rols. T he lipids were not analyzed 
furt her. 

T he residua l materia l was digested wi t h papa in a nd subjected 
to gel fil trat ion on Sephadex G-50. E lution profi les (using (3H] 
fu cose) a re illustrated in F ig 3; it is seen t hat malignancy is 
acco mpanied by a substant ia l shift to lower M ,. For convenience 
of qua nt ification , 4 regions (A-D) have been designated of 
decreasing M , [9). The percentage distribut ions of radioactivity, 
using t he 4 diffe rent sugars, a re summa rized in T able II. It is 
seen t hat glucosamine labeling gives a picture simila r to fucose 
labeling, name ly a relative decrease in fraction B and an in
crease in fraction C in t he tumor compared wit h normal skin. 
Using eit her galactose or mannose as label, no sign ificant 
change in t he C/B ratio was obse rved. 

In some experiments an a liquot of t he papain digest was 
chromatographed on concanava lin A-Sep harose 4B, which 
binds ma inly N -glycosidic glycopeptides of t he complex type 
wit h 2 chains. An increase in biante nnary materia l was found 
to accompany malignancy, t he normal value of 37 ± 3% (6 
experiments) ri sing to 46 ± 2% (3 experiments) in t he tumors. 

S hed and Cell-Surface Glycoconjuga.tes 

It was clearly of interest to establish how far t he total cellular 
fucopept ides (above) were representative fo r t he individual 
metabolic pools. Two of t hese were investigated: fi rst, the 
mate ria l spontaneously "shed" into t he medium (secreted gly
coprotein plus bound surface materi al), and second, t he cell
surface glycoprotein removed by exposure to t rypsin . 

Remarkably, the spontaneous shedding of glycoprotein by 
malignant cells was very much lower t han t hat of normal cells; 
calculated as percentages of total fucose-labeled glycoproteins, 
the shed material a mounted to 44 ± 6% and 9 ± 3% (mean ± 
SEM, 4 and 6 experiments each) for norma l and carcinoma 
cells, respectively. The M , distribut ions of t he fucopept ides 
obtained by papain digestion of t he shed materia l a re given in 
Table III. It is seen t hat t he changes here a re in t he opposite 
direction to t hose described for t he total cellula r materia l, in 
this case a decreased C/B ratio for t he tumor. 

TABLE I. Percentages of lipid-soluble radioactivity (mean± SEM) 
using various precursors 

Precursor Normal Tumor 

["H] Fucose 28 ± 3 (11)" 27 ± 2 (19) 
[
31-!] Glucosamine 40 ± 4 (4) 36 ± 2 (12) 

["C]Galactose 54± 3 (3) 55 ± 2 (8) 
["C]Mannose 50± l (3) 55±6(6) 

• Numbers of specimens are shown in parentheses. 
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FIG 3. Elution profiles of cellular fucopeptides on Sephadex G- 50 
from carcinomas ( T ) and normal epidermis (N). Following labeling for 
22 h with ["H]fucose, extraction of glycoprotein and digestion with 
papain was as described in the text. Curves were averaged from 9 
specimens (T) and 6 specimens (N). 
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T ABLE II. Distribution of glycopeptides from ccllu./or digests into fractions of decreasing M, 

Fraction 
Spec imen Ratio C/B 

A B c D 
Sugar 

Fucose Normal (6) 4.3 ± 0.2 20.8 ± 1.4 57.5 ± 2.0 17.2 ±0.9 2.8 ± 0.6 
Tumor (9) 2.6 ± 0.3 8.9 ± 0.6 76.8 ± 1.2 11.5± 1.2 9.1 ± 0.8 

G lucosam ine Normal (3) 7.6 ± 1.0 17.6± 1.2 39.3 ± 2.6 35.4 ± 2.5 2.2 ± 0.1 
Tumor (9) 7.6 ± 0.9 11.4±1.6 55.3 ± 1.0 25.6 ± 2.9 6.2 ± 1.3 

Galactose No rmal (3) 8.9 ± 3.9 11.4 ± 0.5 32.9 ± 1.0 46.5 ± 2.4 2.8 ± 0.1 
Tumor (10) 20.8 ± 4.4 17.5± 1.1 35.4 ± 2.0 26.4 ± 2.5 2.1 ± 0.2 

Man nose Normal (3) 6.5 ± 0.3 9.1 ± 1.3 27.1 ± 1.0 57.3 ± 1.9 3.1 ± 0.4 
Tumor (7) 5.0 ± 1.2 9.6 ± 1.0 31.6 ± 3.0 53.8 ± 4.7 3.4 ± 0.3 

a F igu res are percentages (mea n ± SEM ); numbers of specimens are in parentheses. 

TABLE Ill. Distribut ion of glycopeptides from shed and trypsin · 
released mal.e rial 

Fraction 
Parameter Specimen C/ B 

A B c 
Shedding Normal (4) O.G ± 0.2 9. 1 ± 0.2 90.3 ± 0.3 9.9 ± 0.3 

Tumor (6) 2.4 ± 0.4 15.1 ± 1.1 82.6 ± 0.5 5.7 ± 0.6 
Tryps inate Normal (4) 3.0 ± 0.4 17.4 ± 1.8 79.5 ± 2.2 4.8 ± 0.7 

Tumor (7) 4.6 ± 0.4 15.6 ± 1.2 79.9 ± 1.6 5.4 ± 0.5 

[ 3 HlFucose was used as precursor; fi ~<ures as for Table II. 

Trypsinization a lso suggested a reduced ava ilabili ty of gly
coprotein on t he ce ll surface, twice t he amount of mat erial 
bein g r e leased by trypsin from cont rol cells compared to ca rci
no m a cell s (16 ± 1% a nd 8 ± 1%, percentages of total fucose
labele d glycoprote ins ± SEM , 4 a nd 7 experiments each) . The 
Mr distribu t ions of fu copept ides obtained by papa in digestion 
of t h e trypsin -released mate ria l appear to be simila r (Table 
Ill). 

DISCUSSION 

It is clear fro m t hese results that t he metabolism of glyco
proteins is grossly disturbed in the basosqua mous cell ca rci
noma o f t he rat. Entry rates of sugars in to t he cell , rat es of 
incorpo ration of t hese suga rs into glycoco njugates, and t he pool 
s izes o f both T CA-so luble and conjugated suga rs a re a ll , in 
gener a l, increased; t he M , profil es of fu copep t ides a re a ltered, 
a nd in addition we see marked changes in the distribut ion of 
glycoprote in between the in te rior of t he cell and t he cell surface. 

A lt h ough it is difficul t to give a mec ha nistic explanation 
whic h will uni fy t hese observations, we may pe rhaps center our 
speculation a round the one strikin g exception to the genera lly 
incr eased incorporation rates, na mely ga lactose (Fig 26, t = 3). 
Tumor cells seem able to t ransfe r t his sugar to glycoconjugates 
at less than one-fift h t he rate of norma l epide rmis. Thus it is 
tempti n g to suggest a block in t he synthes is of glycoproteins at 
t he point of addi t ion of ga lactose, a concept which is compatible 
with t h e ge nera l shift to lower M, of t he glycopeptide fragments . 
It is a lso in line wi t h t he gross reduction in total glycoproteins 
on (or shed from) t he cell surface, s ince t ra nsport of these 
substan ces to the va ri ous ce ll compart ments is directed by 
spec ifi c " ma rkers" which in this case would seem to be absent. 
I t m ay be noted t hat t he t heo retical poss ibili ty of metabolic 
con ve r s ion of ga lactose to other suga rs (which cannot be ex
clud e d ) would, by providing a by- pass route, minimize rather 
than exagge rate t he observed differences between t he tumor 
and n o rmal epidermis. 

Other explanations t hat seem unlikely include the following. 
A p referent ia l release of d iffe rent iated cells from normal skin 
by t ryps inization could, in t heory, account fo r t he obse rved 
chan ges; this is excluded since microscopic examination ve rifi ed 
t ha t very few basa l ce lls rema in adherent to t he dermis foll ow
ing our procedure [7]. In t he case of carcinoma t he possibility 
of co n tamination wi t h infiltrat ing cell s cannot be entirely ruled 
out, but t hese would in a ny case represent a n extremely small 
percen tage of t he total populat ion. It remains a theoretical 
possib ili ty t ha t , due to ce ll surface a lte rations, t he accessibili ty 
of glycop rote in to trypsin is reduced in the mali gnant cells. 

This point would require analysis of isolated membrane prep
a rations to exclude it wi t h certainty. 

Compa rison with previous data is convenient ly divided into 
quantitative aspects (ent ry and incorporation rates and pool 
s izes ) a nd structura l considerations. Quant ifica tion of sugar 
uptake and its incorporation into glycoconjugates has, in the 
past, yielded a rather confused picture. A number of detailed 
early studies of sugar t ransport (reviewed in [12]) showed, in 
agreement with our present finding, an increased ent ry rate fo r 
severa l sugars following malignant t ransform ation in cells of 
fibroblastic origin . Analyses of sugar content, however, (i.e. , 
pool sizes ) have "fa iled to show any consistent differences and 
have provided li ttle insight into changes in t he oligosaccha rides 
of membrane proteins" [13]; recent interest in this direction 
has waned considerably. 

By contrast, much literature is now available regarding 
changes in oligosaccharide structure in malignancy. This fi eld 
has been well reviewed [5,13]. Our present findin gs seem to 
differ from t hese previous reports in two respects . First, t he 
shift to lower M , in cellular fucopept ides described here has not 
been reported previous ly; secondly, the consistently increased 
M , of fucopept ides de rived from cell-surface materia l (trypsi
nates) could not be demonstrated in the present study. 

It is clearly of importance to ascertain whether t hese findin gs 
for t he rat carcinoma a re cha racteristic fo r epit helia l malignan 
cies in genera l or whether t hey are simply atypical in t hi s 
respect. A more exte ns ive survey of epitheliomas is in p rogress 
in our laborato ries and will be reported in due course . 

We would like to thank J. Koedam of the Animal Laboratory of this 
Unive rsity for expert technical assistance. 
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