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Distribution of transferrin, ferritin, and lactoferrin
in human tissues
D. Y. MASON AND C. R. TAYLOR'

From the Department ofPathology, Gibson Laboratories, Radcliffe Infirmary, Oxford, UK

SUMMARY An immunoperoxidase staining technique was used for detecting three major iron-
binding proteins (transferrin, ferritin, and lactoferrin) in routine histological paraffin sections of
human tissue. Transferrin was found mainly in hepatocytes, a variety of epithelial and myoepithelial
cells, renal tubular cells, and histiocytes. Ferritin was most readily found in histiocytes and liver
cells, with weaker reactions seen in epithelial cells. Lactoferrin was found in lactating breast tissue,
bronchial glands, polymorphs, and gastric and duodenal epithelial cells. The technique is potentially
valuable for investigating abnormal iron states.

In recent years a variety of intracellular constituents
have been detected in human tissues by immuno-
peroxidase staining of formalin-fixed, paraffin-
embedded tissues. Substances detected include
immunoglobulin (Taylor and Burns, 1974), gastrin
(Piris and Whitehead, 1974) and other hormones
(Heyderman and Neville, 1976), lysozyme (Mason
and Taylor, 1975), hepatitis B antigen (Burns, 1975),
and carcinoembryonic antigen (Goldenberg et al.,
1976). These findings considerably extend the
potential scope of current histological investigation,
since the distribution of these substances in routine
surgical tissue specimens from a wide range of
disease states may be examined without the need for
special fixation and preservation techniques.
We have explored the applicability of the im-

munoperoxidase technique to demonstrating trans-
ferrin, lactoferrin, and ferritin in paraffin sections.
Our results show that it is potentially valuable in
studying the cellular distribution of these iron-
binding proteins in diseases characterised by
abnormal iron status.

Material and methods

Paraffin-embedded blocks of various tissues were
obtained from the surgical histological department
of the Radcliffe Infirmary. The tissues had been
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routinely processed on the laboratory Histokinettes
by the recommended schedule, using industrial
methylated spirit and chloroform after adequate
fixation in neutral formalin.

Rabbit antisera to transferrin and lactoferrin,
swine anti-rabbit IgG antiserum, and peroxidase:
anti-peroxidase complexes (PAP) were obtained
from Dakopatts A/S. Rabbit anti-ferritin antiserum
was obtained from Behringwerke AG.

IMMUNOHISTOLOGICAL STAINING
An immunoperoxidase technique (the PAP method
of Sternberger et al., 1970) was used as previously
described (Taylor and Mason, 1974; Mason and
Taylor, 1975). In this procedure (summarised in
Table 1) a peroxidase-labelled 'sandwich' of specific
antisera is applied to dewaxed paraffin sections. The

Table 1 PAP (peroxidase:antiperoxidase)
immunohistochemical method*

Stage No. Procedure

I 5g paraffin section-xylol-absolute ethanol
2 Block endogenous peroxidase with methanol H,2.
3 Normal swine serum, 30 min
4 Rabbit anti-transferrin, -ferritin or -lactoferrin, 30 min
5 Swine anti-rabbit IgG, 30 min
6 PAP (peroxidase :rabbit antiperoxidase complexes),

30 min
7 Diaminobenzidine HO0 reaction, 5-10 min
8 Counterstain with haematoxylin, dehydrate, mount in

DPX

*The PAP technique depends on the ability of the antiserum in stage 5
(antirabbit IgG) to act bivalently, binding via one Fab region to the
primary rabbit antibody of stage 4, and by the other Fab portion to
the rabbit TgG in the PAP immune complexes, thus creating a peroxi-
dase labelled triple 'sandwich' of antibodies.
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Distribution of transferrin, ferritin, and lactoferrin in human tissues

Table 2 Tissues giving positive immunoperoxidase reactions with antisera to transferrin, ferritin, and lactoferrin.
Parentheses signify weak or inconstant reactions. Positive staining of cells widely distributed in different tissues (for
example, lactoferrin in polymorphs) not separately indicated

Tissue Transferrin Ferritin Lactoferrin

GI tract
Liver
Stomach
Duodenum
Gall bladder

Endocrine
Thyroid

Genitourinary
Kidney
Uterus

Exocrine glands
Mammary tissue

Bone marrow
Reticuloendothelial system

Histiocytes

Skin
Respiratory system
Bronchi

Hepatocytes (Kupffer cells)
Parietal cells
Epithelial cells
Epithelial cells

Colloid

Tubular cells
Cervical epithelium,

myoepithelial cells

Periductular cells
Negative

Strongest in activated
histiocytes

Epidermal cells

Negative

Hepatocytes, Kupffer cells, portal tract histiocytes
Epithelial cells (parietal cells)
Epithelial cells
Negative

Negative

Proximal tubular cells
Cervical epithelium

Periacinar cells
Histiocytes

Strong in many histiocytes

(Epidermal cells)

Negative

Negative
Mucus neck cells
Epithelial cells
Negative

Negative

Negative
(Cervical glandular cells)

Acinar cells. Milk
Myeloid cells

Negative

Negative

Glandular cells

sites of antibody binding are then shown by develop-
ing the peroxidase reaction with a diaminobenzidine/
H202 substrate, which produces a permanent brown
reaction. After haematoxylin counterstaining
sections are mounted in DPX and examined by
orthodox light microscopy. Optimal dilutions of
antisera were determined in preliminary studies to
give maximum sensitivity with a minimum of non-
specific staining.

Controls for the specificity of the immunoperoxi-
dase reactions involved omitting the primary anti-
serum (whereupon negative reactions were obtained)
and also comparing the reactions for the three
different proteins investigated (for example, anti-
lactoferrin reacted positively with breast tissue and
was negative on liver sections, while anti-transferrin
gave the reverse pattern).

Results

The results of this study are summarised in Table 2.
The reactions of tissues in which positive staining
was observed are considered in detail below under
the heading of the three proteins studied.

TRANSFERRIN
In most tissues there was background staining of
variable degree intravascularly and in the inter-
cellular spaces. This staining, which is presumably
accounted for by the ubiquitous distribution of trans-
ferrin in blood and extracellular fluid (Morgan,
1974), was minimised by the use of an appropriate
anti-serum dilution, enabling genuine positivity due
to intracellular transferrin to be identified.

Liver
In all samples parenchymal cells reacted positively
but the intensity of staining varied considerably,
both from cell to cell within a single section and
between different specimens (Figs. 1, 2). Positive
cells occurred in groups or as isolated units and did
not follow a clear anatomical distribution, though
there was some tendency towards periportal cluster-
ing. Kupffer cells showed moderate staining in some
samples but were negative in other specimens.

Stomach
In all sections examined parietal cells showed
granular staining which varied in intensity from
case to case. Samples from cases of atrophic gastritis
showed, in addition to the parietal cell reaction,
striking staining of epithelial cells in areas of
intestinal metaplasia.

Five cases of gastric carcinoma were studied and
in three intense granular positive staining was seen
within recognisable tumour cells, with rather fainter
staining in a fourth case. Positive cells were found
either in isolation or in small groups, and the
reaction was most intense towards the luminal
border of the cells.

Duodenum
Strong granular staining of epithelial cells was
noted both at the tips of villi and in cells lying along
the sides of the villi. The reaction was most intense
just beneath the brush border of the cells.

Gall bladder
Scattered epithelial cells in this organ were positive
(Fig. 3).
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Fig. 1 Hepatic tissue stainedfor transferrin. Note irregular distribution ofpositive hepatocytes.
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Fig. 2 Higher magnification of transferrin-positive hepatocytes shown in Fig. 1.
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Distribution of transferrin, ferritin, and lactoferrin in human tissues

Fig. 3 Transferrin in gall bladder epithelial cells. Note negative cell contrasting with adjacent strongly positive
cells.

Thyroid
Intrafollicular colloid in this organ stained positively
but no cellular staining was observed.

Kidney
Intraluminal material throughout the tubular length
stained for transferrin. There was also cytoplasmic
staining of a proportion of cells in the loop of
Henle, distal tubule, and collecting tubules giving a
contrast between adjacent positive and negative cells
resembling that seen in gastrointestinal epithelium.
Most proximal tubular cells were transferrin-
positive, but staining was predominantly at the
luminal border of the cells.

Testis
Interstitial cells stained weakly.

Uterus
Scattered squamous epithelial cells of the uterine
cervix stained strongly. Perivascular myoepithelial
cells associated with spiral arteries in the endo-
metrium were also positive (Figs. 4, 5).

Mammary tissue
Periductular myoepithelial cells were transferrin
positive.

Histiocytes
Histiocytes in dermal histiocytomata and xantho-
mata stained weakly. In contrast, activated histio-
cytes in granulomata (Crohn's disease and sar-

coidosis) stained much more intensely. The reactions
of Kupffer cells are described above.

Skin
A small proportion of epidermal cells stained
strongly for transferrin (Fig. 6). Positive cells tended
to lie in the stratum lucidum and were more numer-
ous and more intensely staining in samples showing
evidence of active chronic dermatitis than in normal
skin samples. Positive epidermal cells were also
found in sections of squamous cell and basal cell
carcinomata (Figs. 7, 8). In the former positivity
appeared to be related to the degree of cell matura-
tion and to evidence of keratinisation.

FERRITIN
In contrast to the ubiquitous background staining
encountered when staining tissues for transferrin
there was little labelling of this sort with anti-ferritin
antiserum, presumably because of its low serum
concentration.

Liver
Hepatocytes showed staining patterns similar to
those observed for transferrin (Fig. 1 and 2) with
positive cells scattered singly and in sheets through
the parenchyma (Figs. 9, 10), although the staining
reactions were consistently weaker than those for
transferrin. In contrast to the transferrin reaction,
Kupffer cells were positive for ferritin, in some
cases staining very intensely (Fig. 11). In a few
cases portal tract histiocytes were also strongly
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Fig. 4 Transferrin in walls of uterine spiral arteries.
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Fig. 5 Negative staining of adjacent section for lactoferrin.
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Fig.6Transferrin in epidermal cells.~~~~~~~~~~~~~~~~~~~~~~~~~~~.

stained (Fig. 12), and in these sections significant
amounts of iron could be detected by the Prussian
blue reaction. There was no obvious correlation in
individual cases between the pattern of parenchymal
cell, Kupffer cell, and portal tract histiocyte staining.

Stomach
A proportion of gastric epithelial cells stained for
ferritin in three out of five samples studied. Positive
cells were always of the mucous-secreting type typical
of gastric mucosa and there was no clear morpho-
logical distinction between positive and negative
cells. In two out of five cases faint parietal cell
staining was observed. Cases of atrophic gastritis
showed, in addition to the normal epithelial posi-
tivity noted above, staining in areas of intestinal
metaplasia which was often intense and sharply
demarcated from adjacent normal non-metaplastic
gastric epithelium.

Duodenum
Positive reactions were noted within epithelial cells
at the tips of villi, similar in distribution to that of
transferrin.

Kidney
Cytoplasm of proximal cells stained diffusely.

Uterus
Cervical epithelial cells stained weakly.

Mammary tissues
In one sample, showing pregnancy changes, positive
periacinar cell staining was noted.

Bone marrow
Strong ferritin positivity was seen in marrow histio-
cytes after multiple transfusions. Histiocyte staining
in normal marrow was weaker.

Histiocytes
Staining of histiocytes in xanthomata and granulo-
mata was very intense. In many tissues scattered
positive histiocytes were present, though they stained
less intensely.

Skin
In some sarrmples there was weak staining of squa-
mous epithelial cells. Dermal histiocytes were also
positive.

LACTOFERRIN
Background staining in lactoferrin-stained slides was
minimal, in keeping with its low serum concentra-
tion. In most tissues positively staining polymorphs
were identifiable.

Stomach
A proportion of mucous neck cells in the body and
antral mucosa stained positively and they were
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Fig. 7 Transferrin in a squamous cell carcinoma of skin.
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Fig. 8 Negative staining of adjacent section for lactoferrin.
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Distribution of transferrin, ferritin, and lactoferrin in human tissues

Fig. 9 Ferritin in section of liver tissue. Note predominantly negative regenerating nodule.

Fig. 10 Higher magnification of edge of nodule in Fig. 9.
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Fig. 11 Kupffer cells and hepatocytes staining for ferritin.
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Fig. 13 Lactating breast tissue showing strong staining of secretions for lactoferrin.

clearly demarcated from adjacent negative ones. In
areas of intestinal metaplasia positive epithelial cell
staining was observed. Gastric carcinoma specimens
were negative except in one sample (which was
negative for transferrin) in which there were scat-
tered strongly positive cells including some with
bizarre nuclear morphology.

Duodenum
Lactoferrin was detected in some intestinal epithelial
cells of the absorptive type. Unlike transferrin (see
above), this reactivity was usually confined to the
tips of villi. Positive cells tended to be in groups
which were clearly demarcated from adjacent
negative ones.

Uterus
In one sample (a cervial biopsy showing mild
chronic cervicitis) lactoferrin-positive glandular cells
were noted, but other samples showed no staining of
this sort.

Mammary glands
Lactating breast tissue stained strongly for lacto-
ferrin both in glandular cells and in their secretions
(Fig. 13). One case of mammary carcinoma, out of
twelve studied, showed positive staining of malignant
cells for lactoferrin.

Skin
The squamous epithelium in most samples was
negative for lactoferrin. One basal cell carcinoma
showed a few areas of moderate positivity, particu-
larly in the vicinity of hair follicles, although these
structures were clearly negative in normal skin.

Bronchial gland
This tissue showed positive staining for lactoferrin
within glandular cells.

Discussion

The reactions reported above may be discussed in
relation to the three different iron-binding proteins
investigated. Each of the three antisera produced a
separate distinct pattern of staining in the different
tissues examined and positive cells were clearly
distinguishable from negative cells, thus providing
valuable intrinsic controls for this study. We found
no evidence of significant cross reactivity between
the three antisera.

TRANSFERRIN
The immunohistological demonstration of trans-
ferrin in the liver is in keeping with biosynthetic
data, which show that it is the major site of trans-
ferrin production in adult man (Morgan, 1974), and
with immunofluorescent studies, which have found
transferrin in human hepatocytes (Lane, 1967).
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An interesting feature of its hepatic localisation in
our study and in Lane's investigation is that positive
hepatocytes were apparently randomly distributed
within the liver. A similar pattern has been noted on
immunohistological staining of human liver and of
cultured explants of rat liver for fibrinogen and
albumin (Hamashima et al., 1964; Guillouzo et al.,
1976). This appearance prompts the . question:
what factors regulate protein synthesis in indivi-
dual hepatocytes? There is some evidence that this
activity is related to liver cell growth and division
(for references see Thorbecke et al., 1973). The
immunoperoxidase technique we used may enable
the relationship between cellular regeneration and
synthesis of proteins such as transferrin in normal
and pathological human liver to be studied more
closely.

In addition to localising transferrin to hepato-
cytes immunoperoxidase staining showed it in a
variety of epithelial cells, including gastrointestinal
mucosa, and in stratified cutaneous and cervical
epithelium. In the former site its presence may be
related to its postulated role as an intracellular iron
transport protein (Huebers et al., 1975) acting in
concert with mucosal ferritin.
However, in non-absorptive epithelial tissues no

such role can be envisaged. One possibility is that
epithelial transferrin plays a role in non-specific
immunity against micro-organisms by chelating free
iron. There is some evidence for this in the observa-
tion that the growth of a skin inoculum of bacteria is
greatly enhanced by the presence of free iron (Miles
et al., 1976) and in the report by King et al. (1975)
that the growth of common dermatophytic fungi is
inhibited by unsaturated transferrin.

Transferrin was also demonstrated by immuno-
peroxidase staining in myoepithelial cells in a
variety of tissues. This previously unreported
localisation of the protein is unexplained. If it is
related to the need for these cells to absorb iron for
myoglobin synthesis the negative reaction of other
types of muscle cell requires explanation.

FERRITIN
Although most of the body's ferritin is in the liver
(Prieto et al., 1975) small amounts can be extracted
from many other tissues, including the spleen,
heart, lung, kidney, pancreas, thyroid, brain,
adrenal, intestine, placenta, and bone marrow
(Harrison et al., 1974; Crichton, 1975). It is not
clear, however, from previous work to what extent
ferritin in these tissues is parenchymal (where it may
represent the individual cells' iron store) or within
histiocytic cells (where it may be considered part of
the organism's general reticuloendothelial iron
store).

In the present study it was evident that the liver
contains readily detectable amounts of ferritin both
within parenchymal cells, where its distribution
followed an irregular pattern similar to that of
transferrin, and also within Kupffer cells and portal
tract histiocytes. Ferritin differs fundamentally from
transferrin, however, in that it is not synthesised by
the liver for release in large amounts into the circula-
tion, so that its presence in hepatocytes probably
reflects a role in the turnover of body iron rather
than synthesis for extracellular export.
When other tissues were studied ferritin was often

seen in histiocytic cells but relatively rarely in non-
phagocytic cells. The major exception to this pattern
was in the gut where it was found in gastric and
duodenal epithelial cells, the latter distribution being
similar to that of transferrin. The fact that both
these proteins may play an important role in intes-
tinal iron absorption has been referred to above.
There was a further similarity between the staining
reactions for the two proteins in cervical and
cutaneous epithelial cells.
The variability of the intensity of histiocytic

staining for ferritin in samples of the same tissue
from different individuals was striking (compare
with the results of liver staining) and may be related
to the iron status of the individuals from whom the
samples were taken. Future studies to explore the
relationship between the staining reactions for these
two binding proteins and parameters such as serum
iron and ferritin levels and stainable tissue iron are
indicated. A preliminary observation of this sort has
been made by Bieber and Bieber (1973), who
showed that raised serum levels of ferritin in cases
of Hodgkin's disease are mirrored by the immun-
fluorescently demonstrable presence of this protein
within splenic cells.

LACTOFERRIN
The observations reported above are largely in agree-
ment with the work of Masson and his colleagues,
who provided immunohistological evidence for the
presence of this protein in human breast, bronchial
glands (Masson and Heremans, 1966), and in neutro-
phil polymorph cytoplasm (Masson et al., 1969).
The demonstration of lactoferrin in cells from the

upper gastrointestinal tract (gastric mucous neck
cells, duodenal epithelial cells) has not been pre-
viously reported. Possibly this finding is related to
mucosal defence mechanisms-by analogy with the
presence of lysozyme in gastric glandular cells
(Klockars and Reitamo, 1975, and personal un-
published observations). Possibly also the protein
has some role in mucosal iron transport-by
analogy with the similar appearance of transferring
staining in intestinal epithelial cells.
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Conclusion

This study shows that the three major iron-binding
proteins in man can be detected by immunoperoxi-
dase staining of paraffin-embedded tissues, a finding
which considerably extends the potential range of
normal and pathological human tissues that can
be retrospectively studied. Their distribution as
revealed by this technique broadly followed the
patterns established in previous studies. However, in
addition these proteins have been demonstrated in
tissues where their presence was previously un-
suspected. Further studies are indicated to elucidate
the significance of these findings in terms of normal
metabolism and in relation to disease processes,
particularly disorders of iron metabolism.

We thank Dr J. Skinner for advice on gastrointestinal
sections, Dr T. Parry for photographic assistance,
and Mrs J. Braidwood for typing the manuscript.
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