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INTRODUCTION

During the last decade or so there has been a revival of interest in the urinary
glycoprotein first described by Tamm & Horsfall (1950, 1952) in human urine and
which has subsequently become known as Tamm-Horsfall glycoprotein (THP).
After earlier controversy it is now generally agreed that this protein (which is a
constituent of normal urine) is associated with and almost certainly produced by
the cells of the thick ascending limb of Henle's loop and the distal convoluted
tubule. Until quite recently, all observations (with the exception of those of Pape
& Maxfield, 1964) who used an immuno-electron microscopical technique on
guinea-pig kidneys with ferritin as a label) have been based on the use of immuno-
fluorescence microscopy. Much of this work has been concentrated on the human
kidney (McKenzie & McQueen, 1969; Pollak & Arbel, 1969; Schenk, Schwartz &
Lewis, 1971; Wallace & Nairn, 1971) largely because of the possible involvement
of THP in renal disease (Zager, Cotran & Hoyer, 1978; Resnick, Sisson & Vernier,
1978; Hoyer & Seiler, 1979).
Very recently, work has been published in which, by the use of immuno-electron

microscopicil techniques, THP was shown to be associated with the total plasma
membrane systems of the cells of the thick ascending limb of Henle's loop in the
rat (Hoyer, -Sisson & Vernier, 1978, 1979) and of the thick ascending limb of
Henle's loop aind the distal convoluted tubule in the hamster (Foster et al. 1979;
Sikri, Foster,;3Bloomfield & Marshall, 1979). Furthermore, these authors indepen-
dently suggested that, in view of its precise localization, THP might, in some
manner, be inVolved in the urine-diluting mechanism of the nephron.

This article describes an investigation into the localization of THP in the cells
of the human nephron using immuno-fluorescence and immuno-electron micro-
scopical techniques - the latter, it is believed for the first time.

MATERIALS AND METHODS

Human THP was isolated by the method of Tamm & Horsfall (1952). Solid
sodium chloride was added to the normal pooled urine until the concentration
was brought to'058 M. On standing at 4 'C overnight, sedimentation of the white
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flocculent precipitate was obtained and was separated from the supernatant by
centrifugation (1500 g, 4 °C). This was dissolved in water and re-precipitated twice
with 0*58 M sodium chloride. Homogeneity of the glycoprotein was checked by
disc gel electrophoresis and the purity was shown by the single band obtained.

Antibodies to human THP were raised in rabbits by the intramuscular injection
of [ 0 ml of an emulsion containing equal volumes of the glycoprotein ([ 0 mg/ml
in water) and complete Freund's adjuvant. After giving two more such injections
at fortnightly intervals, the blood was drawn from an ear vein. Pure immunoglobulin
G (IgG) fractions were isolated from the serum by the method of Sober & Peterson
(1958).

Small representative pieces from four (two male and two female) adult human
kidneys were fixed in the operating theatre. Each of the male kidneys was removed
on account of an intrarenal tumour; those from the females because of a tumour
located in the ureter.
For immuno-fluorescence microscopy pieces of kidney were fixed in formalin-

calcium chloride (FCC), embedded in paraffin wax and 5 ,tm sections were stained
with fluorescein isothiocyanate by the indirect (sandwich) method. For immuno-
electron microscopy, on the other hand, small pieces of tissue were fixed in the
periodate-lysine-paraformaldehyde fixative of McLean & Nakane (1974). From
these 30-40 ,tm thick sections were cut on a cryostat and stained by the perioxidase-
antiperoxidase method. The techniques of tissue preparation and staining were
similar to those used for the hamster kidney and have been described in detail
elsewhere (Sikri et al. 1979).

In order to check for the specificity of the reaction, control tests were done in
which anti-THP antibodies were either omitted altogether or replaced by normal
rabbit serum. Paraffin sections were also stained with haematoxylin and eosin for
routine examination.
The preparations for immuno-fluorescence microscopy were examined with a

Gillet and Siebert conference microscope fitted with a Zeiss FL epifluorescence
condenser and an HBO 50W mercury lamp. A Zeiss recommended FITC specific
filter set with blue excitation at 450 nm was also used. Ultrathin sections cut from
the peroxidase-stained material were mounted on uncoated 200-mesh copper grids
and examined without further heavy metal staining with a Miles MR60 electron
microscope at 60 kV and a Philips 300 at 40 kV.

RESULTS

No gross pathological changes were observed in those portions of the kidneys
chosen for this study.
A generalized intracellular fluorescence, sometimes brighter on the luminal

Fig. 1. Localization of THP in the adult human kidney. Specific fluorescent staining in the
cells of the thick ascending limb of Henle's loop and the distal convoluted tubule of the inner
cortex. x 240.
Fig. 2. Outer medullary zone. Specific fluorescent staining indicating the presence of THP is
seen in the cells of the thick ascending limb of Henle's loop. x 350.
Fig. 3. Outer cortical zone. Uniform distribution of immuno-fluorescence is seen in the cells
of the distal convoluted tubule (DCT). Cells of the proximal convoluted tubule (PCT) are
unstained. x 600.
Fig. 4. Inner cortical zone. Specific fluorescent staining is present in the cells of the distal
convoluted tubule (DCT). Cells of the macula densa (MD) along with those of the proximal
convoluted tubule (PCT) and glomerulus (GL) are negative. x 750.
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Fig. 5. Electron micrograph of part of a distal convoluted tubule cell. Immunoperoxidase
reaction is present on the luminal surface (1) and basal plasma membrane, including its

invaginations (bi). x 20000.
Fig. 6. Low power electron micrograph of inner cortex showing the presence of THP specific
peroxidase reaction in the plasma membrane systems of the cells of the thick ascending limb
of Henle's loop (ALH) and its absence from those of the proximal convoluted tubules (PCT)
and collecting duct (CD). x 2000f
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Fig. 7. Electron micrograph showing a part of the macula densa (MD) Note that its cells
are completely devoid of the peroxidase reaction which is present on the membranes of the
cells of the distal convoluted tubule (DCT'). x 15000.

borders, was observed in the cells of the thick ascending limb of Henle's loop and
the distal convoluted tubule (Figs. 1, 2, 3); the cells of the macula densa, however,
were always negative (Fig. 4) as were those of the proximal convoluted tubules,
the thin parts of Henle's loop, collecting ducts and glomeruli. Control preparations
in which anti-THP antibody was omitted were always negative.
The results obtained by immuno-electron microscopy once again demonstrated

that THP was localized in the cells of the thick ascending limb of Henle's loop and
the distal convoluted tubule (Figs. 5, 6) but that those of the glomeruli, proximal
convoluted tubule (Fig. 6), macula densa (Fig. 7) and collecting duct lacked any
immuno-peroxidase reaction. The reaction product indicating the sites of THP
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Fig. 8. Diagram of a single nephron, summarising the distribution of THP in the cells of the
thick ascending limb of Henle's loop (ALH) and the distal convoluted tubule (DCT) and its
absence in those of the proximal convoluted tubule (PCT), thin limb of Henle's loop (THL),
glomerulus (GL) and collecting duct (CD). The presence of a THP-positive reaction in the
thick ascending limb of Henle's loop and the distal convoluted tubule is indicated by dark
bold lines.

was confined to the plasma membranes of the cells: the luminal borders of the
cells of the thick ascending limb of Henle's loop and the distal convoluted tubule
together with their lateral and basal plasma membranes and including the infoldings
of the latter. The most massive and consistent reaction was observed on the luminal
borders of the cells. In others parts of the membrane system the staining was
sometimes capricious. This is probably related to the fact that the immunochemical
section of the technique relies on the diffusion of THP antibody and other reagents
of fairly high molecular weight into circa 30,um sections of fixed tissue. This fact
could clearly lead to some variability in the intensity of the reaction, particularly
in those regions of cells more remote from a lumen.

It should be pointed out also that a compromise had to be made with regard to
the primary fixative used since, although the periodate-lysine-paraformaldehyde
fixative is excellent for the preservation of THP and the maintenance of its anti-
genicity, it is less good (but adequate) for the preservation of ultrastructural detail.
A diagrammatic representation of the distribution of this glycoprotein in a single

nephron of the human kidney, as seen by immuno-electron microscopy is shown
in Figure 8.
As in the case of immuno-fluorescence, control specimens were invariably

negative.
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DISCUSSION

The results from immuno-fluorescence microscopy confirm those of others who
have recently investigated the human kidney (see Introduction). The absence of
fluorescence in the macula densa does not, however, appear to have been reported
before.
The results obtained by immuno-electron microscopy indicate an identical distri-

bution of THP in human and hamster kidneys (Sikri et al. 1979), that is to say the
protein is associated with the plasma membranes of that part of the nephron
where, in consequence of a low permeability to water and an active transport of
Cl ions into the interstitium, a progressive dilution of urine takes place.
There is evidence that solutions of THP are highly viscous (Stevenson, Cleave &

Kent, 1971) and therefore can trap water. If the protein behaves in the same manner
when associated with the cell surface one can envisage a situation in which a barrier
of relatively stationary water molecules, occurring within an ordered structure, is
present on the surface of the cells of the thick ascending limb of Henle's loop and
the distal convoluted tubule (Sikri et al. 1979). This layer might, therefore, act as
a barrier to water molecules but not to the ions and small molecules of the tubular
urine.
As in the hamster (Sikri & Foster, 1981), the cells of the macula densa lacked the

glycoprotein. This fact may be of particular significance in the context of the hypo-
thesis put forward above, since the absence of THP would allow direct assessment
of the ionic strength of the tubular fluid and thus aid the monitoring function
which the macula densa is thought by some to possess (Latta, 1973; Barajas, 1979).
The early work of Pape & Maxfield (1964), who were the first to apply an immuno-

electron microscopical technique to this problem, reported THP in association
with the cells of the proximal convoluted tubule in the guinea-pig kidney. This
result runs counter to the findings in other species and in view of the fact that
ferritin was used as a label (now considered to be less reliable) and that their
methods of antibody preparation were cruder than those available now, their
observations must be viewed with considerable doubt.
As a result of studies on the ultrastructural localization of THP in the rat kidney,

Hoyer et al. (1978) in a preliminary report and at length in 1979 independently
put forward a similar hypothesis based on almost comparable morphological
findings. Sikri et al. (unpublished results) have also studied the rat kidney and
although their results concur with those of Hoyer et al. (1979) in relation to the
distribution of THP in the plasma membranes of the cells of the thick ascending
limb of Henle's loop, there are certain differences in respect of the distal convoluted
tubule, where, according to these latter authors, the protein is associated only
with the periluminal plasma membrane. However, in a more recent paper Sisson
& Vernier (1980) seem to suggest that THP is associated also with the basal plasma
membranes and their infoldings as in the thick ascending limb of Henle's loop.
This would bring into line the ultrastructural findings relating to the intrarenal
localization of this protein in the three species studied so far, thereby strengthening
the notion that THP has some role in the urine-diluting segment of the mammalian
nephron.
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SUMMARY

Small pieces of tissue obtained from apparently normal areas of four surgically
removed adult human kidneys were used in the present study.
The results obtained by immuno-fluorescence and immuno-electron microscopical

techniques show that Tamm-Horsfall glycoprotein (THP) is present in the thick
ascending limbs of the loops of Henle and the distal convoluted tubules.

Within the cells concerned, the protein is associated with the luminal, lateral as
well as basal, plasma membranes and their infoldings. The cells of the macula
densa are completely negative as are those of proximal convoluted tubules, glomeruli
and collecting ducts. The possible significance of these findings in relation to the
process of urine dilution in the nephron is discussed.

We are most grateful to Mr M. Snell of St. Mary's Hospital, London W.2 for
providing us with the kidneys used in this study. We would also like to thank
Professor K. Porter for advice on kidney pathology and Professor R. Creese for
providing facilities for the continuation of this work in his Department.
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