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Abstract

FAP is an autosomal dominant inherited disease, char-
acterized by systemic deposition of amyloid fibrils in
various tissues. The purpose of this study is to describe
the gross and microscopic findings of the explanted
livers for FAP.

10 patients were transplanted for FAP at our institu-
tion. Diagnosis was supported by positive familiar his-
tory, clinical data and detection of mutated TTR by
electrospray ionization mass spectrometry with
Val30Met mutation verified by PCR. All the explanted
livers were photographed, fixed in formol and pro-
cessed according to protocol. Later they were exam-
ined with HyE, reticulin, PAS diastasa, Masson
trichromic, Congo red with polarised light and immu-
noreactivity against TTR. The gross aspect was nor-
mal. We obtained multiple samples representative of
the organ and the hepatic hilium. All of the patients
presented with deposits of amyloid substance in the
lymph nodes and the nerves of the hepatic hilium
These deposits were Congo red positive with a green-
ish birefringence to polarized light Deposits show im-
munoreactivity with antihuman TTR. Whereas liver
transplantation restores hepatic function in patients
with cirrhosis, liver transplantation cures the FAP pa-
tient of their genetic defect. Domino transplantation is
a procedure in which the index patient receives an or-
gan, while the explanted organ is reused for transplan-
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tation into another patient. In conclusion, exclusion of
hepatic amyloid deposits which can cause functional
alterations in the FAP liver is vital; and is important
to study the explanted livers of patients with FAP to
confirm the results of the scarce published series.
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Background/aims

Since Corino Andrade first described Familiar amyloid
polyneuropathy (FAP) in a group of portuguese families
in 1952, many other with similar manifestations have
been reported throughout the world.

FAP is an autosomal dominant inherited disease, char-
acterized by systemic deposition of amyloid fibrils in var-
ious tissues, resulting in organ dysfunction and ultimately
leading to death.'

The component of amyloid fibrils consist of Tran-
sthyretin (TTR) formerly known as prealbumin.? This is a
127 amino acid protein that functions as a transport pro-
tein for thyroxin and saturated retinol-binding protein. A
mutant, amyloidogenic TTR molecule is produced in pa-
tients with FAP as a result of a single amino acid substitu-
tion.* This variant protein is found in plasma and is de-
posited in the tissues, constituting a biological marker of
the disease. It is also detected in patients relatives (as-
ymptomatic carriers) who may even develop the disease
and transmit it to their descendants.*

The penetrance of the disease is incomplete, some car-
riers of the mutant gene are asymptomatics and live past
age ninety, others manifest widespread involvement. The
gene prevalence is unknown but is considered in at 1 in
100,000 to 1 million.’

The first mutation within the TTR gene causing FAP
was described in 1985 and the gene was localized on
chromosome 18q11.2-q12.1.° Since this study approxi-
mately 54 point mutations in the TTR gene have been re-
ported, however the most common worldwide defect is a
substitution of the of valine by methionine at position 30
(Met 30).

Most TTR is produced by the liver (98%), with minor
sites of synthesis (< 2%) in the choroid plexus, the small
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intestine and the retinal pigment epithelium of the eye.'
However unlike other inborn errors of metabolism, such
as defects of the urea cycle and disorders of fatty acid
metabolism or Wilson's disease, in FAP the liver itself it
does not seem to be damaged. Amyloid deposits may oc-
cur, but liver function is not impaired.”

The disease generally begins between ages 25 and 35,
and ultimately fatal 7-10 years after onset of symptoms
from progressive cardiac dysfunction, emaciation, renal
failure or other complications related to autonomic neuro-
pathies.® Typical findings include initially loss of skin
sensibility of hands and feet walking disability , increased
motility of the intestine causing diarrhea and malnutri-
tion, orthostatic dysregulation, cardiomiopathy and pro-
teinuria.”!'' Recently has been described a new endemic
area in Argentina where it lives a group of portuguese im-
migrants families.'?

The therapeutic approach to the disease has been made
with plasmaferesis and extracorporeal immunoadsorp-
tion" but liver transplantation is the only definitive treat-
ment for FAP and was first successfully performed in
Sweden in 1990. The rationale for liver transplantation is
to eliminate the main source of mutant TTR production,
thereby arresting the progression of amyloid deposition.
Since 1990, orthotopic liver transplantation has been per-
formed at multiple international transplant centers for
FAP."

There is only few reports about the histopathological
findings in necropsy material or liver resection, and the
previously reported necropsic cases suggest that endo-
neural deposits cause peripheral nerve fiber loss due to
local ischemia."” The purpose of this study is to describe
the gross and microscopic findings of the explanted livers
for TTR FAP.

Material and methods

Between January 1997 and September 2002, 10 pa-
tients were transplanted for FAP at our institution where
constitutes 5.26% of liver transplantation cases.'¢ Five of
them belonged to the same family (two siblings on one
hand, two siblings for other and a cousin). Two patients
belong to another family (two siblings).

Diagnosis was supported by positive familiar history,
clinical data and detection of mutated TTR by electro-
spray ionization mass spectrometry with Val30Met muta-
tion verified by PCR. Mean ages were: at onset of symp-
toms 28.75 (SD 3.1) and at transplantation 35,79 (SD
4,8). Average polyneuropathy disability score was I1. Au-
tonomic dysfunction was manifested by gastrointestinal
symptoms: diarrhea 50%, diarrhea and constipation 20%,
faecal incontinence 50%, sexual impotence 70%; cardio-
vascular symptoms: denervation by heart rate variability
80%, heart conduction disturbances 30% and orthostatic
hypotension 50%. Pretransplant modified body mass in-
dex was 726,38 (SD: 143,48).

All the explanted livers were photographed, fixed in
formaline and processed according to protocol. Later they
were examined with HyE, reticulina, PAS diastasa, Mas-
son trichromic and Congo red. The same ones were ex-
amined with polarised light. With this same technique
were studied the elements of the hepatic hilio and cellular
subcutaneous tissue from surgical procedures.

Immunomarcation against TTR was performed in
available tissue.

Results

The gross aspect was normal, the weight mean was of
1,028 g (900 at 1,095 g). The liver explanted from the 10
patients were studied in exactly the same way. We obtained
multiple samples representative of each segment of the or-
gan together with another samples from the hepatic hilium to
obtain nerve bundles of medium caliber. The samples were
studied with all the techniques previously described.

None of the patients revealed significant alterations in
the macroscopic study of the liver and nor were there sig-
nificant structural alterations microscopically in any of
the patients. All of the patients presented deposits of amy-
loid substance in the lymph nodes and the medium caliber
nerves of the hepatic hilium (Figure 1), and in those ob-
served in the occasional thick intrahepatic septum. These
deposits were Congo red positive with a greenish birefrin-
gence to polarised light (Figure 2). Deposits of amyloid
were also observed with the same staining characteristics
as in the nerve, mostly in arterioles of the portal tracts,
which were irregularly enlarged (Figure 3).

Deposits show immunoreactivity with antihuman TTR
and TTR was also detected in a minimal proportion in the
liver cells (Figure 4).

Discussion

In post mortem examination amyloid deposits has been
reported in cornea, heart, thyroid, suckles, kidneys, adre-
nal glands, gastrointestinal tract, pancreas and bladder, as
well as in the vessels of lungs, liver, spleen, lymph nodes,
bone marrow, uterus, ovary, fallopian tubes and around
skin glands."”

In our cases the affectation but important it is perivas-
cular and endoneural.

In the liver, amyloid deposits occurs in the walls of
small arteries in Glisson’s sheaths but not in the walls of
the portal, hepatic or central veins; in the sinusoid;
around the bile ducts; and around the extrahepatic biliary
tract.'®

Some authors have proposed ischaemia as a possible
cause of nerve fibers loss. The amiloyds deposits cause
endothelial proliferation and alter the vascular permeabil-
ity resulting in oedema and later ischaemia but has not
been exactly established the definitive pathogenic mecha-
nism of the nerve lesions.'s!”
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Figure 1. Deposits of amyloid substance in the medium caliber nerves
of the hepatic hilium (PAS, 40X).
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Figure 3. Deposits of amyloid observed in arterioles of the portal
tracts. (Congo red, 10X).

Figure 2. Congo red positive deposits with a greenish birefringence to
polarized light (Congo red, 40X).

Liver transplantation is a therapeutic option when the
abnormal synthesized protein which is causing a life
threatening disease, is primarily synthesized within the
liver.® The improvement in surgical techniques, the new
immunosuppressive drugs, and the better handling of
complications after transplantation have resulted in in-
creasing number of liver transplantations in patients
with genetic liver associated diseases.'” Some of these
genetic defects originate within the liver, causing extra-
hepatic complications, such as LDL receptor deficiency
(familiar hypercholesterolemia) oxalosis, and factor
VIII/IX deficiency.?® However, the liver as the primary
site of synthesis is not affected in these patients. and he-
patic failure does not occur. FAP also belongs to this
group of diseases.

Whereas liver transplantation restores hepatic function
in patients with infectious or toxic induced cirrhosis, liver
transplantation cures the FAP patient of their genetic de-
fect, arrests further deposition of mutant proteins in tis-

Figure 4. Deposits show immunoreactivity with antihuman TTR (an-
tiTTR, 100X).

sues, and result in significant palliation of many of the
underlying symptoms.*?!

Domino transplantation is a procedure in which the in-
dex patient receives an organ, while the organ of the in-
dex patient is reused for transplantation into another pa-
tient. Since the onset of extrahepatic complications is in
adulthood, FAP can be used as a candidate disease for
domino liver transplantation.’

In this setting exclusion of hepatic amyloid deposits
which can cause functional alterations in the FAP liver is
vital.?

In conclusion, our results suggest that while we await
less aggressive solutions, a liver transplant may be useful
in the treatment of certain cases of familial amyloidotic
polyneuropathy to stop the neurological deterioration of
the patients and to avoid the fatal end of the disease.

We believe that is extremely important to study the ex-
planted livers of patients with FAP to confirm the results
of the scarce published series and to establish a domino



174

Annals of Hepatology 2(4) 2003: 171-174

transplantation program in our and other institutions
where it finds cases of patient with this disease.

Acknowledgment

tal.

We thank Dr. Gregorio Chejfec from VA Hines Hospi-

Hines, ILL, for the immunohistochemical techniques

against TTR carried out in our first six cases.

References

10.

Benson MD. Amyloidosis. In: Scriver CR, Beaudet AK, Sly WS,
Valle D, eds. The metabolic and molecular basis of inherited dis-
ease. New York: Mc Graw-Hill, 1995: 4159.

Saraiva MJ, Costa PP, Goodman DS. Genetic expression of transthyretin
mutation in typical and late onset Portuguese families with familial
amyloidotic polyneuropathy. Neurology 1986; 36: 1413-1417.
Pomfret PA, Lewis WD, Jenkins RL, Bergethon P, Dubrey SW,
Reisinger J, Falk RH, et al. Effect of orthotopic liver transplantation
on the progression of familial amyloidotic polyneuropathy. Trans-
plantation 1998; 65: 918-925.

Parrilla P, Ramirez P, Bueno FS, Robles R, Acosta F, Miras M, Pons
JA, et al. Clinical improvement after liver transplantation for type I
familial amyloid polyneuropathy. Br J Surg 1995; 82: 825-828.

Ii S, Minnerath S, Ii K, Dyck PJ, Sommer SS. Two-tiered DNA-based
diagnosis of transthyretin amyloidosis reveals two novel point muta-
tions. Neurology 1991; 41(6): 893-8.

Schmidt HH, Nasham B, Propsting MJ, Nakasato M, Flemming P,
Kubicka S, Boker K, et al. Familial amyloidotic polyneuropathy:
Domino liver transplantation. J Hepatology 1999; 30: 293-298.
Hawkins PN, Rydh A, Persey MR. SAP scintigraphy in 43 patients
with TTR associated FAP. Neuromusc Disord 1996; 6: 23.

Gertz M, Kyle M, Thibodeau S. Familial amyloidosis: A study of 52
north american born patients examined during a thirty year period.
Mayo Clin Proc 1992; 67: 428.

Ikeda S, Hnayu N, Hongo M, Yoshioka J, Oguchi H, Yanagisawa N,
Kobayashi T, et al. Hereditary generalized amyloidosis with poly-
neuropathy. Clinicopathological study of 65 japanese patients. Brain
1987; 110: 315-347.

Bhatia K, Reilly M, AdamsD, Davis MB, Hawkes CH, Thomas PK,
Said G, et al. Transthyretin gene mutations in british and french pa-
tients with amyloid neuropathy. J Neurol 1993; 56: 694-697.

11.

20.

21.

22.

23.

Bergfeld BL, Olofsson BO, Edhag KO. Electrophysiologic evalu-
ation of the cardiac conduction system and its autonomic regula-
tion in familial amyloid polyneuropathy. Am J Cardiol 1985; 56:
647-52.

. Lendoire J, Trigo P, Aziz H, Cueto G, Ando Y, Ohlsson PI, Suhr

OB, et al. Liver transplantation in transthyretin familial amyloid
polyneuropathy: first report from Argentina. Amyloid 1999; 6: 297-
300.

. Lobato L, Beirao I, Guimaraes SM, Droz D, Guimaraes S, Griinfeld

JP, Noel LH. Familial Amyloid Polyneuropathy Type I (portuguese):
Distribution and characterization of renal amyloid deposits. Am J
Kid Dis 1998; 31: 940-946.

. Lewis WD, Skinner M, Simms RW, Jones LA, Cohen AS, Jenkins

RL. Orthotopic liver transplantation for familial amyloidotic poly-
neuropathy. Clin Transplant 1993; 7: 1.

. Hanyu N, Ikeda S, Nakadai A, Yanagisawa N, Powell HC. Peripheral

nerve pathological findings in familial amyloid plyneuropathy: a
correlative of proximal sciatic nerve and sural nerve lesions. Ann
Neurol 1989; 25: 340-350.

. Imventarza O, Lendoire J, Bianco G, Saul J, Braslavsky G, Trigo P,

Cueto G, et al. Development of an adult liver transplant program in a
public hospital in Argentina. Transplant Proc 1998; 30: 2878-9.

. Arpa Gutierrez J, Morales C, Lara M, Munoz C, Garcia-Rojo M,

Caminero A, Gutierrez M. Type I familial amyloid polyneuropathy and
pontine haemorrhage. Acta Neuropathol (Berl) 1993; 86(5): 542-5.

. Takahashi K, Yi S, Kimura Y, Araki S. Familial amyloidotic poly-

neuropathy type 1 in Kumamoto, Japan: a clinicopathologic, his-
tochemical, immunohistochemical, and ultrastructural study. Hum
Pathol 1991; 22(6): 519-27.

. Starzl TE, Demetris AJ, Van Thiel D. Liver transplantation (1). N

Engl J Med 1989; 321: 1092-1999.

Schmidt HH, Hill S, Makariou EV, Feuerstein IM, Dugi KA, Hoeg
JM. Relation of cholesterol year score to severity of calcific athero-
sclerosis and tissue deposition in homozygous familial hypercholes-
terolemia. Am J Cardiol 1996; 77: 575-80.

Lendoire J, Trigo P, Aziz H, Scazzuso F, Cueto G, Imventarza O.
Improvement of transthyretin familial amyloidotic polyneuropathy
after liver transplantation in Argentinian patients. Transplant Proc
1999; 31: 3058-9.

Stangou AJ, Heaton ND, Rela M, Pepys MB, Hawkins PN, Williams
R. Domino hepatic transplantation using the liver from a patient with
familial amyloid polineuropathy. Transplantation 1998; 65: 1496-1498.
Parrilla P, Ramirez P, Andreu LF, Bueno SF, Robles R, Miras M, Acosta
F, etal. Long-term results of liver transplantation in Familial Amyloidotic
Polyneuropathy Type 1. Transplantation 1997; 64: 646-64.



	Transthyretin familial amyloidotic polyneuropathy: histopathological study of the explanted livers
	Background/aims
	Material and methods
	Results
	Discussion
	Acknowledgment


