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Cutaneous Innervation in Chronic Renal Failure Patients

An Immunohistochemical Study
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Most chronic renal failure patients suffer from generalized
pruritus. An involvement of cutaneous nerve terminals in the
pathogenesis of uremic pruritus has been suggested. Skin speci-
mens from 24 uremic patients and 10 healthy subjects were
processed with an indirect immunofluorescence method to in-
vestigate the presence and distribution of a number of neuronal
markers and neuropeptides. No difference was found between
the two groups in the distribution pattern of the positive nerve
fibres. However, a reduction in the total number of skin nerve
terminals in the uremic patients was detected. No correlation
could be found between the immunohistochemical findings and
the clinical features. Our results suggest that the skin inner-
vation is altered in most chronic renal failure patients, possibly
as a consequence of neuropathy. Key words: Uremia; Nerve
fibres; Neuropeptides; Neuron-specific enolase; Pruritus.
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Generalized pruritus is one of the most common and trouble-
some symptoms of end-stage renal failure. Tt is reported to
affect. at least occasionally, the majority (78%) of patients
undergoing maintenance hemodialysis (1).

The etiology of uremic pruritus is still unknown. A number
of possible explanations have been proposed. such as xerosis
(2). secondary hyperparathyroidism (2.3). imbalance in

divalent ions (4.5, 6), dermal mast cell proliferation and hista-
mine release (7). These factors have recently been extensively
reviewed (8).

A neurogenic mediation has also been suggested (9); in-
deed. polyneuropathy is a common complication of long-
standing chronic renal failure (10,11). Dysfunctions of the
peripheral nerve endings involved in the transmission of itch
sensations might offer some explanation for uremic pruritus.

We therefore decided to investigate, by means of immuno-
histochemistry, the cutaneous innervation in patients suffering
from chronic renal failure. We have used antisera to neuron-
specific enolase (NSE) and neurofilaments (NF) to evaluate
the distribution pattern of cutaneous nerves and antisera to
neuropeptides which are normally present in human skin.

MATERIALS AND METHODS

Patients

Skin biopsics were taken from the normal-appearing skin of the volar
aspect of the forearms of 24 patients (19 males, 5 females. aged 42-85,
mean age 61.8 years) with chronic renal failure. Eight patients were
not dialysed. 5 were short-term dialysed and 11 were long-term
dialysed.

Eleven patients (mostly non-dialysed subjects) had no history of
itch. The other patients experienced pruritus (ranging from slight to
severe) during the course of the discase. intermittently or at the time
of biopsy. Peripheral neuropathy was clinically evaluated in all sub-
jects. Clinical details of the patients are given in Table 1.

For control purposes, specimens from the volar aspect of the fore-
arm of 10 age-matched healthy volunteers were obtained.

Fig. 1. NSE-IR intraepidermal (arrows) and dermal (arrowheads) nerve terminals in two representative fields, from uremic patients (a) and
healthy controls (b). A decreased number of nerve fibres in uremic patients vis-a-vis controls is clearly seen ( x400).
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Table 1. Clinical data
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Sex/age (yrs) Diagnosis Dialysis months Pruritus Neuropathy
1.5 M/50 Obstructive uropathy = = =
2% M/42 Obstructive uropathy o = =
3.% M58 Renal vasculitis - - -
4.7 M55 Diabetic nephropathy - - -
5.7 M/66 Chronic glomerulonephritis - = -
6.% M/6S Polycystic kidney disease - + =
7.5 M/68 Nephroangiosclerosis - — -
8.7 M/70 Rheumatoid arthritis - - +
9.7 M/54 Diabetic nephropathy 6 +4+ -
10,7 M/6l Nephroangiosclerosis 3 + =
1. F79 Not identified 18 +++ NI
12.* M/BS Nephroangiosclerosis 24 -+t NI
13.* FI58 Chronic glomerulonephritis 21 +++ .
145 M/74 Chronic pyelonephritis 171 ++ +
155 M/62 Chronic glomerulonephritis 145 - +
16,7 M/46 Diabetic nephropathy 84 - ++
179 M/69 Chronic glomerulonephritis 214 = ++
18.% M/50 Chronic glomerulonephritis 118 - -
19.5 F/75 Analgesic nephropathy 109 + 4+ +
20.5 F/70 Chronic pyvelonephritis 133 ++ +
21.% F/53 Chronic glomerulonephritis 174 ++ -
228 M52 Chronic glomerulonephritis 252 ++ -
235 M/62 Nephroangiosclerosis 84 4+ =
245 M/62 Diabetic nephropathy 62 +++ -

* Chronic renal failure patients (glomerular filtration rate = 5-30 ml/min).

* Short-term dialysed patients (dialytic age < 24 months).
¥ Long-term dialysed patients (dialytic age > 24 months).

Pruritus: —, absent; +, slight; ++. moderate/intermittent; ++ +, severe.
Neuropathy: —, absent; +., moderate; ++, severe; NI, not investigated.

Methods

Punch biopsies (4 mm) were taken under local anesthesia (Mepivacain
2%, Pierrel, Italy) and immediately immersed in a 4% para-
formaldehyde solution containing 0.3% picric acid in Serensen’s
buffer for 2 h at +4°C. After overnight rinsing in Serensen’s butfer
with 10% sucrose, the specimens were frozen and stored at —80°C
until immunostained. Consecutive frozen sections (14 um) were cut at
right angles to the surface, taken up on gelatin-coated glass slides and
allowed to air-dry for 60 min at room temperature. A biotin-streptavi-
din-fluorescein technique was then applied. as previously described
(12). Briefly, sections (2 for each primary antibody) were first in-
cubated overnight at 4°C with a panel of antisera (Table 1I). After
washing in phosphate-buffered saline (PBS; pH 7.2) (3 % 5 min chang-
es). they were incubated for 30 min at 37°C with biotin-labelled
secondary antisera (Vector, California, USA). After washing again in
PBS, sections were finally incubated for 30 min at room temperature
with fluorescein-isothiocyanate-labelled streptavidin (Amersham In-
ternational plc., Bucks, England). All antisera were diluted in PBS
containing 1% bovine serum albumin and 0.3% Triton X-100. Nega-
tive controls, obtained by replacing the primary antisera with non-

Table I1. Details of antisera

immune sera, were run in parallel. The sections were examined *blind’
by two independent observers using a Zeiss fluorescence miscroscope.
Ten consecutive fields for each section were thoroughly evaluated.

We considered as positive fibres those exhibiting the typical varicose
appearance. Immunoreactive fibres were assessed semi-quantitatively
(subjectively) as a number of fibres per field at x250. The results were
expressed as absent (no positive fibres), moderate (1 to 5 positive
fibres), and numerous (more than five positive fibres) both in epider-
mis and dermis.

RESULTS

Neuron-specific  enolase-immunoreactive  (NSE-IR)  fibres
were found both within the epidermis, mostly as sparse,
varicose-free terminals reaching the stratum granulosum, and
in the dermis as free or perivscular nerve endings and periad-
nexal networks. NSE-IR nerve bundles were also seen in the

mid and lower dermis. The NSE-positive cutaneous nerve

Antiserum Working dilution Source
Anti-neuron-specific enolase (polyclonal) 1:4 Incstar, USA
Anti-neurofilaments (monoclonal) 1:10 Sorin, Italy
Anti-substance P (monoclonal) 1:200 Seralab, England
Anti-calcitonin gene-related peptide (polyclonal) 1: 800 Byk-Gulden, Sweden
Anti-neuropeptide Y (polyclonal) 12800 Peninsula, England
Anti-vasoactive intestinal peptide (polyclonal) 1 : 800 Peninsula, England
Anti-somatostatin (polyclonal) 1:200 Peninsula, England
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Table 1. Semiquantitative eviauation of the number of
NSE-IR fibres in the skin of uremic patients and controls

Epidermis Dermis

Uremics Controls Uremics Controls
NSE-IR
Absent 21/24 2110 16/24 0/10
Moderate 2124 6/10 7124 510
Numerous 1/24 2/10) 1/24 510

structures showed the same distribution pattern in the chronic
renal failure patients as in the healthy controls. However, the
number of NSE-positive fibres in most of the uremic patients
was markedly reduced in both epidermis and dermis, as com-
pared with healthy controls (Fig. 1. Table III). Only in 3
patients (nos. 4, 13, 15 in Table I) could NSE-IR intra-epider-
mal nerve terminals be detected.

Neurofilament (NF) immunoreactivity (IR) was observed in
the reticular dermis, mainly in nerve bundles. To a lesser
extent, isolated positive nerve endings were detected. No
intra-epidermal fibres were observed. There were no major
differences in teh NF-IR between the two groups.

Neuropeptide (NP)-IR was expressed in the skin of healthy
controls. In particular, substance P (SP) and calcitonin gene-
related peptide (CGRP)-IR fibres were found mostly around
blood vessels or as apparent free nerve endings in the papillary
dermis. Both vasoactive intestinal polypeptide (VIP) and
neuropeptide Y (NPY)-IR fibres were seen supplying sweat
glands and blood vessels in the mid and lower dermis. Scat-
tered somatostatin-IR fibres were observed-in the superficial
dermis. In 20 out of 24 uremic patients, no staining was ob-
served with any of the NP antisera. In patient no. 16 (Table T),
isolated VIP-IR nerve terminals were seen in a periglandular
location, while in patients 1, 9 and 22 (Table I), scant VIP,
NPY. CGRP and SP-IR fibres were found with the same
distribution pattern as in healthy subjects.

No immunofluorescent structures were observed in control
sections.

DISCUSSION

Immunocytochemistry is considered to be a reliable technique
for detecting the histological localization in the skin of nerve
structures containing peptides (13). We therefore used this
technique to study the cutaneous innervation of patients in
various stages of uremic disease, in order to establish whether
uremic pruritus could be related to morphological or neuro-
chemical alterations.

We evaluated the distribution of two structural neuronal
proteins (NSE and NF) and of a number of peptidergic neuro-
transmitters which have recently been demonstrated in specific
cutaneous nerve fibres (13, 14). In particular, NSE is reported
as an accurate marker for both sensory and autonomic cutane-
ous innervation, while NF-IR is belicved to be found only in
sensory nerves (15).

We could not find any difference between the two groups in
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the histological distribution of NSE-stained fibres. Johansson
and co-workers found NSE-IR fibres sprouting throughout the
epidermis in all uremic patients they investigated. whereas in
the normal controls, they observed NSE-IR epidermal fibres
only in the stratum basale (16, 17). It was then hypothesized
that the distal sprouting could be the morphological basis for
uremic pruritus. In contrast, in our study, only 3 uremic
patients showed intra-epidermal NSE-IR nerve endings. In
addition, in the great majority of healthy subjects, NSE-IR
terminals within the epidermis were detected. Indeed, the
presence of intra-epidermal nerve fibres in normal human skin
is consistent with recent immunohistochemical (15,18) and
histochemical (19) observations.

No significant difference in the distribution pattern of the
other markers could be found. It must be mentioned, how-
ever, that NF-IR was seen mainly as deep nerve bundles and
rarely as superficial, isolated fibres, so that any minor changes
in the NF-IR are likely to have passed unnoticed.

The most remarkable finding was a reduction in the total
number of the positive fibres in the uremic group. which could
reflect either a decreased number or a reduced functional
activity (NSE and NP content) of skin nerve structures. Al-
though immunohistochemistry does not allow of an accurate
quantification of small variations in intracellular substances,
the hypothesis of a decreased number or a decreased func-
tional activity of cutaneous nerve terminals may be consistent
with the pathological changes occurring in uremic polyneuro-
pathy. Indeed. uremic neuropathy is associated with distal
axonal degeneration and demyelination with a loss of nerve
fibres (10, 11). Our findings may, then, reflect disturbances in
the peripheral nerve fibres. Interestingly, a reduced number of
cutancous nerve fibres and NP has been demonstrated in
leprosy infection, which is characterized by involvement of the
peripheral nervous system (20). It should be remembered,
however, that in the present study the immunohistochemical
findings did not correlate with the clinical data. such as the
presence of neuropathy, pruritus, hemodialysis and dialytic
age. As far as neuropathy and pruritus are concerned, a pos-
sible explanation is that the clinical assessment is often in-
sensitive and unreliable in mild cases. A previous study also
reported a lack of correlation between immunohistochemical
and clinical data (17).

In conclusion, abnormalities of the cutaneous innervation,
which may be related to neuropathy. do occur in chronic renal
failure patients. Whether these alterations can account for
uremic pruritus remains to be clarified.

REFERENCES

I. Gilchrest BA, Stern RS, Steinman TI, Brown RS, Arndt KA,
Anderson WW. Clinical features of pruritus among patients
undergoing maintenance hemodialysis. Arch Dermatol 1982; 118:
154-156.

- Young AW Jr, Sweeney EW, David DS. Dermatologic evaluation
of pruritus in patients on hemodialysis. NY State ] Med 1973 73:
2670-2674.

3. Massry SG, Popovtzer MM, Coburn JW, Makoff DL, Kleeman
CR. Intractable pruritus as a manifestation of secondary hyper-
parathyroidism in uremia. N Engl J Med 1968; 279: 697-700.

4. Graf H, Kovarik J, Stummvoll HK, Wolf A. Disappearance of

2



uraemic pruritus after lowering dialysate magnesium concentra-
tion. Br Med J 1979; 8: 1478-1479.

. Blachley JD, Blankenship DN, Menter A, Parker TF 111, Knochel

JP. Uremic pruritus: skin divalent ion content and response to
ultraviolet phototherapy. Am J Kidney Dis 1985; 5: 237-241.

. Carmichael AJ, McHugh MM, Martin AM, Farrow M, Serolog-

ical markers of renal itch in patients receiving long term haemo-
dialysis. Br Med J 1988; 296: 1575.

. Matsumoto M, Ichimaru K, Horie A. Pruritus and mast cell

proliferation of the skin in end stage renal failure. Clin Nephrol
1985: 23: 285-288.

. Stihle-Bickdahl M. Uremic pruritus. Clinical and experimental

studies. Acta Derm Venereol (Stockh) 1989; Suppl. 145.

. Rosen T. Uremic pruritus: a review. Cutis 1979; 23: 790-792,
. Asbury AK, Victor M, Adams RD. Uremic polyneuropathy.

Arch Neurol 1963: 8: 413-428.

. Thomas PK, Hollinrake K, Lascelles RG, O'Sullivan DJ, Baillod

RA. Moorhead JF, Mackenzie JC. The polyneuropathy of chronic
renal failure. Brain 1971; 94: 761-780.

. Pincelli C, Fantini F, Massimi P, Girolomoni G, Seidenari S.

Giannetti A. Neuropeptides in skin from patients with atopic
dermatitis: an immunohistochemical study. Br J Dermatol 1990;
122: 745-750.

. Bloom SR, Polak JM. Regulatory peptides and the skin. Clin Exp

Dermatol 1983; 8: 3-18.

Cutaneous innervation in chronic renal failure patients

14.

105

Johansson O. Pain, motility, neuropeptides and the human skin:
Immunohistochemical observations. In: Tiengo M, Eccles I,
Cuello AC, Ottoson D, eds. Advances in Pain Research and
Therapy. New York: Raven Press, 1987; 31-44.

. Bjorklund H. Dalsgaard CJ. Jonsson CE. Hermansson A. Sen-

sory and autonomic innervation of non-hairy and hairy human
skin. Cell Tissuc Res 1986; 243: 51-57.

. Johansson O, Hilliges M, Han S-W, Stahle-Bickdahl M, Higer-

mark O. Immunohistochemical screening for neurochemical
markers In uremic patients on maintenance hemodialysis. Skin
Pharmacol 1988: 1: 265-268.

. Johansson O, Hilliges M, Stahle-Bickdahl M. Intracpidermal

neutron-specific enolase (NSE)-immunoreactive nerve fibres:

evidence for sprouting in uremic patients on maintenance hemo-
dialysis. Neurosci Lett 1989; 99: 281-286.

. Wang L, Hilliges M, Jernberg T. Wiegleb-Edstrom D. Johans-

son O. Protein gene product 9.5-immunoreactive nerve fibres and
cells in human skin. Cell Tissue Res 1990; 261: 25-33.

. Novotny GEK, Gommert-Novotny E. Intracpidermal nerves in

human digital skin. Cell Tissue Res 1988; 254: 111-117.

. Karanth S8, Springall DR, Lucas S, Levy D, Ashby P, Levene

MM, Polak JM. Changes in nerves and neuropeptides in skin
from 100 leprosy patients investigated by immunocytochemistry.
J Pathol 1989: 157: 15-26.

Acta Derm Venereol (Stockh) 72



