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SUMMARY 

Lactoferrin was examined for its effect on the growth of a human colon adenocarcinoma 
cell line {HT 29) in culture and its action was compared to that produced by transferrin 
and two different iron solutions iferrous sulfate and ferric chloridej. When transferrin was 
replaced by either iron solutions the cell grew in proportion to the quantity added and the 
maximal effect obtained was identical to that produced by transferrin alone. When 
transferrin was replaced by lactoferrin the cells were unable to proliferate for a long time. 
However, in the presence of low-concentration iron solutions, lactoferrin stimulated the 
cell growth, and the effect was more pronounced with the ferric chloride solution. 
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INTRODUCTION 

Pichon et al. I l) using an adenocarcinoma cell 
line t i l T  29k described a completely defined 
serum-free minimal medium that promotes 
growth comparable to that obtained in serum 
containing medium while maintaining the differ- 
entiated characteristics of the cell. This medium 
contains selenium, epidermal growth factor, and 
transferrin (Tfk Transferrin was first demon- 
strated by Hayashi  and Sato i21 to be essential for 
the growth of HeLa cells in serum-free medium 
and is now used for the growth of other cell lines 
in synthetic medium {3,4k I t  was suggested 
further that the Tf dependence of maximal cell 
growth in culture was mediated through the 
expression of a Tf receptor that could play an 
essential role in transport  of Fe  across the cell 
membrane  {5). More  recent ly ,  it  was 
demons t ra ted  that  monoclonal  ant ibodies  
directed against the human Tf receptor inhibited 
the growth of human melanoma cells in nude mice 
(61 and may block the growth of a human T 
leukemic cell line (CCRF-CEM) in vitro (7). 

Transferrin presents structural and functional 
homology with lactoferrin iLfl, another iron- 
binding glycoprotein present in epithelial cells of 
the exocrine glands i8), as well as in the specific 

granules of polymorphic granulocytes {9). Both 
molecules have the same molecular weight ~about 
75 000), consist of a single polypeptide chain to 
which two carbohydrate groups are attached, and 
are able to bind two iron Fe I I I  ions tightly in two 
specific iron binding sites t l0k  The essential 
features of the metal binding sites of the two 
proteins are similar, and six tyrosine residues as 
well as four histidine residues are involved in the 
binding of the two ferric ions (11,12). In addition, 
the alternative occurrence of Lf or Tf as the 
dominating iron-chelating protein in the milk of 
different species {13) suggests a common bio- 
logical effect of the iron-linking part  of the two 
molecules. However, Lf differs from Tf in its 
ability to retain iron at low pH (14L and some dis- 
similarity in the behavior of the two iron-binding 
sites has been demonstrated { 15). 

The iron-binding properties of Lf led us to 
study the effect of the protein on cell growth in 
culture, and in this paper we report the effect of 
Lf on the growth of an adenocarcinoma cell line 
(HT 29) and compare its action to the stimulating 
effect of Tf. 

MATERIALS AND METHODS 

Materials. Insulin and Tf tsubstantially iron 
free) were purchased from Sigma, St. Louis, MO. 
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FI(;. i .  l~]ffeet of [,f or Tf on tit*, growtil curves of 
lIT 2 () cells. The cell.- were grown in minimal s*,rllnlifree 
me(liulu lalrea(ly containing I).45 t~g ferrous sulfate/roD 
suppIcnwn/ed ~ith FGF and Se an described in 
Materials and M~thods I � 9  �9 ). Cells grown it~ the 
same medium .~upplemented with Lf 7 t~g/ml (&-- �9 h 
Cells grown in liw same nwdium supplen,,nted with Tf 
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Dulbecco 's  modified min imum Eagle ' s  medium 
( D M E M ) ,  Dulbecco 's  phosphate buffer saline 
(PBSL H a m ' s  F l 2  medium,  fetal bovine serum 
(FBSL and trypsin were from G I B C O ,  Grand 
Island, NY. H u m a n  apo Lf (Lf) purified from 
human milk as described by Masson {131 was a 
gift of Dr .  P. Masson (Brusselsh 

Culture conditions. H T  29 ~a gift of Dr.  
Zweibaum, Paris) is a malignant  cell line in 
culture originating from human colon (16L The  
cells were tested by biochemical procedure and 
found mycoplasm-free.  H T  29 cells were grown 
routinely at 37 ~ C in a humidif ied a tmosphere  of 
95% air :5% CO2. The culture medium was 
D M E M  supplemented with 10% FBS and 
extemporaneously prepared. Cells were harvested 
with 0.05% trypsin/0.53 m M  E D T A  in PBS and 

plated in 75 cm 3 flasks for at least 48 h before 
being used. 

Experimental procedure. For growth assays, 
H T 2 9  cells were washed with E D T A  and 
trypsinized. The cells were harvested and diluted 
with an equal volume of 10% FBS-supplemented 
medium, centrifuged, and resuspended in the 
same medium. Then samples (5" 104 cel ls / l  mid 
were plated in quadruplicate in 24-well Costar 
dishes. The next day, the medium was replaced 
by the serum-free synthetic medium.  The  
"de f ined"  serum-free medium used was a mixture  
of 1:1 H a m ' s  F12 and D M E M  media containing 
15 m M  H E P E S ,  selenium (10 ng /ml ) ,  epidermal  
growth factor t E G F ,  5 ng /ml) ,  and T f  (7 ~g/ml) ;  
the ferrous sulfate concentration in the medium 
was 0 .45/~g/ml .  This  simplified system allows 
one to study the replacement  of Tf  in the culture 
medium by different solutions. Exper iments  re- 
quired a change of medium every '~ to 3 d. This  
was done carefully, renmving the medium from 
each plate and replacing it with fresh medium.  

After trypsinization, the number  of viable cells 
was determined by counting, every 2 or 3 d, the 
number  of cells that excluded the trypan blue dye. 
Each experimental  value was the average number  
of cells in four wells with a variat ion coefficient 
about  15%. 

R E S U LTS 

Comparative effect of L f and Tf  on cell growth. 
The  first growth experiments were performed in 
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i~g/ml Lf c:~Tf 
FIG. 2. Dose-effect growth cur~es of HT 2q (:ells in 

resl~mse to I.f or Tf. The eel]~ were grown for 3 d in the 
minimal serum-free medium as delineated in Fig. I 
SUplflemented whh different doses of Lf I �9 �9 ). The 
results are expressed an percentage of the control vall.le 
obtained by adding Tf instead of I,f Io the medimu 
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F[6.3. Effect of different components on the growth 
curves of HT 29 cells. The cells were grown in the same 
serum-free medium as delineated in Fig. 1, supple- 
mented either with Lf ( A - - A )  or with Tf ( l - - l ) ,  or 
with Tf instead of Lf, 4 d later ( a r r o w )  ( �9 - - - - -  �9 ), or 
with ferrous sulfate along at the dose of 3/~g/ml 
(0 .... 0) .  

the minimal  synthetic medium (supplemented 
with selenium and E G F )  with T f  or LF  added 
individually to cells at concentrations of 7 g g / m l .  
The  growth response was followed for 12 d and 
compared to a control performed with the 
minimal  medium alone. 

Figure  1 shows that  cells cultured in the pres- 
ence of substantially iron-free T f  grew normally,  
as already described (1). Similar  results were ob- 
tained when the cells were grown in the presence 
of the same Tf  treated by extensive dialysis 
against 0.1 M citrate buffer at pH  2.3, as 
described in (15), to remove an eventual  residual 
iron content  (data not  shown). By contrast,  the 
growth curves obtained with Lf were quite  differ- 
ent. Dur ing  the first 3 d of growth the cells cul- 
tured in the presence of LF  grew better than with 

Tf, whatever  the concentrat ion of protein used 
(Fig. 2). Thereafter ,  the cells proliferated at a 
slower rate before they decreased as did the cells 
cultured in the min imal  medium alone (Fig. 1). In  
addition, it must  be noted that  when examined 
under  a light microscope,  cells cultured with Lf 
were larger than cells cultured with T f  and they 
exhibited a granular  cytoplasmic structure.  

Because T f  was a commercia l  preparat ion that  
might  contain other  essential serum products,  
such as insulin or t r i iodothyronine (T3) whose 
st imulat ing effect on growth cell was clearly 
established on different cell lines but  not  in H T  29 
cells (1), cells were cultured in the presence of Lf 
supplemented with insulin (2/~g/ml)  or with 
insulin (2/~g/ml) plus T3 (0.5 pmol /ml ) .  The  
resulting growth curves showed an even lower 
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FIG. 4. Effect of different iron solutions on the growth 
curves of HT 29 cells. The cells were grown in the same 
serum-free medium as delineated in Fig. 1 supple- 
mented either with ferrous sulfate 0.5/~g/ml 
( i - - - - - I I  ), ferrous sulfate 3/~g/ml ( �9 - - - - -  �9 ), ferric 
chloride 0.5/~g/ml (11--11), or ferric chloride 3/~g/ml 
( o - - o ) .  
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FI(;. 5. Effect on the growth curves of HT 29 of Lf in 
the presence of h)w-eoncentration iron solutions. The 
(:ells were g r o w n  in the same serum-free medi~m~ as  

(lelineated in Fig. [ supplemented with either Lf 
(7 ~g/ml) ah)ne (&--&),  with ferric: chloride 0.5 ~g/ml 
( e - - e  ), with Lf 7/ag/ml A- ferric chh>ride 0.5 gg/ml 
( � 9  - - - O  ), with ferrous sulfate 0.5 ~g/ml (ram_m), or 
with Lf 7/~g/ml + ferrous sulfate 0.5/xg/ml 
(mm___mn). 

prol i ferat ion ra te  t han  t ha t  ob ta ined  wi th  Lf a lone  
(da ta  no t  shown):  

Growth stimulatory activity of ferrous sulfate 
and ferric chloride solutions. After  add ing  3/~g 
ferrous su l f a t e /ml  to the min ima l  m e d i u m  
(already con ta in ing  0.45 Bg ferrous su l fa tc /ml ) ,  
the growth  ra te  of the cells was s imi lar  to t ha t  of 
cells growing in the presence of Tf  (Fig. 3). 
Ident ica l  results  were ob ta ined  when  Lf was 
a d d e d  t o g e t h e r  w i t h  f e r r o u s  s u l f a t e ,  
demons t r a t i ng  the lack of a toxic effect of lacto- 
ferr in itself on the cpi the l ioma cell line. The  cells 

cu l tured  first  in the  presence of Lf  for 5 d, then  in 
min ima l  m e d i u m  where  t r ans fe r r in  h a d  been 
subs t i tu ted  for lactoferr in ,  were able  to prol i fera te  
more  rapid ly  t han  the  cells left in presence of Lf 
b u t  never  reached  the  pro l i fe ra t ion  ra te  of the  cells 
cont inuous ly  grown wi th  T f  (Fig. 3L 

Dif ferent  i ron solut ions  were examined  for thei r  
effect on cell growth;  the  resul ts  are repor ted  in 
Fig. 4. Growth - s t imu la to ry  act ivi ty of the  solu- 
t ions seems propor t iona l  to thei r  i ron concent ra-  
t ion inasmuch  as fer rous  sulfate and  ferric 
chloride solut ions were more  effective at  the  con- 
cen t ra t ion  of 3 / x g / m l  t h a n  at a concen t ra t ion  10 
t imes  lower. In  any  case, the  ferrous  sulfate solu- 
t ion was more  effective t h a n  the  ferric chloride 
solution.  

Growth stimulatory activity of L f  in the 
presence of low concentrations of ferrous sulfate 
or ferric chloride solutions. T h e  growth  responses  
of H T  29 cells to the  add i t ion  of Lf  to the  mi n i ma l  
synthe t ic  m e d i u m  (already con ta in ing  0.45/~g 
ferrous su l fa t e /ml )  s u p p l emen t ed  wi th  low- 
concen t ra t ion  iron solut ions are given in Fig. 5. 
In  bo th  cases the i ron -b ind ing  prote in  exerts a 
powerful  s t imula t ion  on the cell growth,  and  the  
effects were more  p ronounced  wi th  the  ferric 
chloride solution.  

Dose effect o f ferric chloride on the cells grown 
in the presence of Lf  (7 ~g/ml). As d emo n s t r a t ed  
in Fig. 6, Lf s t imula tes  the  cell g rowth  in the  pres- 
ence of ferric chlor ide solut ions at  any  concentra-  
t ion, bu t  the  more  d r a m a t i c  effect was ob ta ined  
wi th  a concen t ra t ion  of ferric chlor ide equal  to 
0.5 # g / m l .  

D ISCUSSION 

T h e  results  of the  present  inves t iga t ion  illus- 
t ra te  several  in te res t ing  aspects  of cell growth:  

Cel ls  x lO  ~ 

[r~c,a] 
1 2 3 4 5 6 pg /m l  

FIG. 6. I)ose-effect growth curves of H T  29 cells in the 
presence or absence of Lf in response to  ferric chloride. 
The cells were grown for 8 d in the minimal serum-free 
medium as delinated in Fig. I in the absence of Lf 
( �9 - -  �9 ) or supplemented with Lf 7 ~g/ml ( N - - I n  1. 
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TABLE 1 

EFFECT OF Lf AND Tf ON THE DISSOCIATION OF 
['25I]Lf BOUND TO HT 29 CELLS a 

Proteins Added ['~q]Lactoferrin CPM Binding 

in Competition Experiment I b Experiment 2 c 

--  692 2247 
Tf ~200 #gj 799 2025 
Lf (200 ~g~ 290 1280 

a All experiments were performed in duplicate. 
b 6' l0 s Cells were incubated in DMEM medium 

supplemented with 0.1% BSA with 75 000 cpm of 
chloramine T. iodinated Lf. 

c Same conditions as used in experiment 1 but with 106 
cells and 200 000 cpm. 

They provide conclusive evidence that Lf cannot 
be substituted for Tf to promote a long-term 
growth of HT 29 cells in the "defined" medium, 
medium containing 0.45 ~g/ml ferrous sulfate. It 
is well known that ferrous salts are converted 
easily in ferric salts in aerobic conditions and that 
the effect is greatly enhanced in the presence of 
iron-binding proteins that have a strong affinity 
for ferric salts. However, in this medium, Lf was 
completely unable to allow cell proliferation 
whereas Tf permitted maximal cell growth IlL 
The initial iron saturation of the two proteins 
cannot explain the differences in the biological 
activities because all the experiments were per- 
formed with apo-Lf and the commercial, "sub- 
stantially" iron-free Tf and apo-Tf gave exactly 
the same results. It  is clear that, despite structural 
similarities, the two iron-binding proteins behave 
differently in the defined culture medium. 

When the minimal "defined" medium was 
supplemented with 0.5 ~g/ml ferrous sulfate or 
0.5 ~g/ml ferric chloride, which alone at this con- 
centration do not support maximal cell growth, 
the addition of Lf greatly enhanced HT 29 cell 
growth. This is paradoxical inasmuch as the mini- 
mal defined medium already contained 
0.45/~g/ml ferrous sulfate. It is possible that the 
defined medium was in fact devoid of iron salts 
because, as noted by Ham t17), the iron in the dry 
powdered medium may become oxidized and fail 
to redissolve and to pass through the sterilizing 
filter. Nevertheless, our data show clearly that if 
transferrin, but not lactoferrin, promotes the 
growth of HT 29 cells in the defined medium, 
lactoferrin may play the role of iron-carrier 
protein when the medium is supplemented by 
0.5 gg/ml ferrous sulfate or ferric chloride. The 

more dramatic effect in the presence of the ferric 
solution could be because lactoferrin, like trans- 
ferrin, can only bind ferric ions. These data are in 
agreement with the results obtained by 
Trowbridge and Lopez t7) who have shown 
recently that in some cases only ferric complexes 
could partially overcome the inhibitory effect of a 
monoclonal antibody directed against the trans- 
ferrin receptor on CCRF-CEM cells grown in 
serum-supplemented medium. 

The amount of protein has by itself no specific 
effect on cell proliferation because cells grown in 
the presence of an excess of ferric chloride 
t3/~g/ml) or ferrous sulfate 13/~g/ml), without 
the addition of iron-binding proteins to the 
medium, are able to proliferate. Moreover, it 
must be noted that, except for EGF,  no protein 
was present in the synthetic medium. The ionized 
form of iron seems also to be important in these 
conditions inasmuch as maximal growth rate was 
obtained with the ferrous sulfate solution. This 
could be because ferric solutions are easily con- 
verted into ferric hydroxides, which precipitate 
and then release iron with more difficulty. If these 
results emphasiz e the iron requirement for cells 
growing in vitro and underline the importance of 
the ionic form of iron in a defined cell culture 
medium, iron uptake experiments would be of 
great interest and contribute to a fuller under- 
standing of these data. 

From our results, it can be suggested that two 
mechanisms of iron transport probably exist in 
HT 29 cells grown in defined medium: a passive 
one in the presence of a high concentration of iron 
in the medium and an active one mediated by a 
unique or different receptor for iron carrier 
proteins that are working at a low concentration 
of iron. The possibility of specific lactoferrin re- 
ceptors on HT 29 cells must be considered. It  was 
shown previously that specific Tf receptors, pres- 
ent on the membranes of reticulocytes, are in- 
accessible to Lf ( 18~, and it was demonstrated that 
alveolar macrophages bind Lf in a specific man- 
ner without competition with Tf ( 19}, Preliminary 
results obtained with HT 29 cells and shown in 
Table 1 suggest a specific binding of [13SI]Lf, 
whereas no significant binding inhibition was pro- 
duced with an excess of Tf. 

In addition, because it has been reported that 
lactoferrin may play a role in iron transport in the 
intestine (20} it would be of great interest if we 
could determine whether our results are only re- 
stricted to human HT 20 cells or if other cell types 
behave similarly in the presence of Lf. 
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