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Abstract

Background: Hereditary transthyretin (TTR) amyloidosis is a systemic neuropathic disorder
caused by TTR gene mutations. Gastrointestinal complications are common and the underlying
mechanisms remain unclear. The interstitial cells of Cajal (ICC) function as pacemaker cells in
the gastrointestinal tract and are important for gastrointestinal motility. The aim of this study
was to investigate the densities of gastric ICC and nerves in patients with TTR amyloidosis
compared to non-amyloidosis controls.
Methods: Antral wall autopsy specimens from 11 Japanese ATTR V30M patients and 10 controls
were analyzed with immunohistochemistry and computerized analysis. Antibodies to c-Kit and
TMEM16A were used to assess ICC and an antibody to PGP 9.5 was used to assess nervous
tissue. The study was approved by a Japanese ethical committee.
Results: The densities of c-Kit-immunoreactive (IR) ICC were significantly lower in the circular
and longitudinal muscle layers of patients compared to controls (p¼ 0.004 for both). Equivalent
results were found for TMEM16A-IR ICC. There were no significant differences in PGP 9.5-IR cells
in the circular or longitudinal muscle layers between patients and controls (p¼ 0.173 and 0.099,
respectively).
Conclusions: A loss of gastrointestinal ICC may be an important factor for the digestive
disturbances in hereditary TTR amyloidosis.

Abbreviations: AGE, advanced glycation end-products; AMI, acute myocardial infarction; ATTR,
amyloidogenic transthyretin; FAP, familial amyloid polyneuropathy; GI, gastrointestinal; ICC,
interstitial cells of Cajal; IGF-1, insulin-like growth factor 1; IR, immunoreactive; mBMI, modified
body mass index; PGP, protein gene product; RAGE, receptor for advanced glycation end-
products; TTR, transthyretin; V30M, methionine substituted for valine at position 30
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Introduction

Hereditary transthyretin amyloidosis or familial amyloid

polyneuropathy (FAP) is a dominantly inherited amyloidosis

that is caused by mutated transthyretin (TTR). There are over

100 known amyloidogenic transthyretin (ATTR) missense

mutations of which the TTR V30M (methionine substituted

for valine at position 30) mutation is the most common [1].

The ATTR mutations cause a decreased stability of the TTR

tetramer making it more prone to separate into misfolded

monomers, which, in turn, assemble into the beta-pleated

sheets that build up the amyloid fibrils [2]. The pathogenesis

of TTR amyloidosis is not fully elucidated, but amyloid

toxicity seems to play a key role [3,4].

Hereditary TTR amyloidosis is a rare disease, but is

present all over the world with endemic areas in Portugal,

Brazil, Sweden and Japan. Symptoms are caused by the

deposition of amyloid fibrils in various body tissues and

include, for example, peripheral polyneuropathy, autonomic

neuropathy, cardiomyopathy, impaired vision, carpal tunnel

syndrome and gastrointestinal (GI) disturbances. Without

treatment the average survival of Swedish ATTR V30M

patients is 9–13 years after onset [5,6] and death is caused by

severe malnutrition and opportunistic infections in many

cases [6,7]. The most effective treatment, to this date, is a

liver transplantation that halts the formation of TTR amyloid

from mutated TTR.

The GI complications develop in virtually all patients

during the course of the disease [7,8]. Constipation is

commonly encountered, and is later relieved by bursts of

diarrhoea that successively become permanent. Nausea and

vomiting are also reported by many patients. The GI

disturbances often lead to malnutrition, which negatively

affects the outcome of liver transplantation [9], and are hence

important for disease mortality.

The mechanisms behind the GI symptoms in TTR

amyloidosis are not clear, but previous studies have shown
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an autonomic dysfunction caused by amyloid deposits in the

autonomic nervous systems and changes in the enteric

nervous system and the neuroendocrine system of the GI

tract [10–14].

The interstitial cells of Cajal (ICC) are mesenchymal cells

that generate electrical pacemaker activity and mediate nerve-

smooth muscle interactions in the GI tract and are therefore

important for GI motility. ICC are rich in mitochondria and

endoplasmic reticulum but have few contractile elements. A

decrease in the number of ICC is believed to be one of the

mechanisms behind the GI dysmotilities in, for example,

diabetes mellitus [15]. The aim of this study was to

investigate the densities of gastric ICC and gastric nerves in

patients with hereditary TTR amyloidosis compared to non-

amyloidosis controls.

Methods

Patients

Eleven deceased Japanese ATTR V30M patients were

included (six women and five men) and all had died from

complications of their TTR amyloidosis. The control group

consisted of ten deceased Japanese individuals without

amyloidosis (seven men and three women), for which five

had died of colon cancer, two of acute myocardial infarction,

one of lymphoma, one of lung cancer and one of adult T-cell

leukaemia. Full-thickness gastric antrum wall samples were

collected during autopsies both in patients and controls. The

vast majority of the autopsies were performed within 1–5 h

post mortem by a pathologist on call. For one patient the

autopsy was performed 12 hours post mortem. All post-

mortem samples were formalin fixed, paraffin embedded and

cross-sectionally cut into 10 mm thick sections.

Nutritional status

The modified body mass index (mBMI), in which the BMI

(kg/m2) was multiplied with serum albumin (g/L) to com-

pensate for oedema [6], was used to assess the nutritional

status. Values below 750 were considered consistent with

underweight and values below 600 were regarded as consist-

ent with severe malnutrition [6,9].

Congo red staining

The sections were hydrated, background stained with haema-

toxylin and incubated in 50 ml of 80% ethanol saturated with

NaCl and 0.5 ml 1% NaOH for 20 min and then incubated

again for 20 min in 50 ml of 80% ethanol saturated with NaCl

and Congo red and 0.5 ml 1% NaOH. Amyloid deposits were

then visualized in polarized light.

Microwave antigen retrieval

The sections were treated as described in detail elsewhere

[16]. Briefly, they were hydrated and immersed in 0.01 M

citrate buffer (pH 6) in a plastic Coplin jar, which was placed

in a microwave oven for 15 min at maximum power (650 W).

The slides were allowed to cool to room temperature (20 �C)

for 20 min, rinsed in TRIS buffer (pH 7.6) and then

immunostained.

Immunohistochemistry

After the microwave antigen retrieval the sections were

immunostained by the avidin–biotin complex (ABC) method

(Dako, Glostrup, Denmark), as described previously in detail

[10]. Briefly, specimens were immersed in 0.3% hydrogen

peroxide in TRIS buffer (pH 7.6) for 10 min to inactivate

endogenous peroxidase. They were then treated with 1%

bovine serum albumin for 10 min to occupy the non-specific

binding sites. The sections were incubated overnight with

c-Kit (dilution 1:200, code no sc-168G, Santa Cruz

Biotechnology, Santa Cruz, CA), TMEM16A (dilution

1:100, code no AP15524PU-M, Acris, Herford, Germany),

protein gene product (PGP) 9.5 (dilution 1:600, code no

M13C4, Ultra Clone, UK) and TTR (dilution 1:200, code no

A0002, Dako, Glostrup, Denmark) antibodies at room tem-

perature. Incubation with the secondary antibody, biotinylated

rabbit anti-goat (for c-Kit) and rabbit anti-mouse IgG (for

TMEM16A, PGP 9.5 and TTR) diluted 1:200, was carried out

for 30 min at room temperature (20 �C). The specimens were

then incubated with ABC (dilution 1:50 for PGP 9.5 and

1:200 c-Kit) at room temperature for 30 min. Peroxidase was

detected by immersing the sections in 50 ml TRIS-buffer

containing 25 mg diaminobenzidine tetrahydrochloride

(DAB) and 10 ml of 30% H2O2 followed by counterstaining

in Mayer’s haematoxylin. The primary antibody was omitted

on sections serving as negative controls.

Double staining

Double staining was performed using immunostaining with

the ABC-method for PGP 9.5, c-Kit, TMEM16A, and TTR

followed by staining with alkaline Congo red.

Computerized image analysis

All analyses were carried out on coded slides by one examiner

(IA) who had no access to the code. Quantification was

performed with the Quantimet 500 MC image processing and

analysis system (Leica, Cambridge, UK) linked to an

Olympus microscope, type BX50. The software was QWIN,

a windows-based image analysis program, and QUIPS, an

interactive programming system, both from Leica.

Quantification was performed using a �20 objective (20X/

0.5, UPlanFI, Olympus). At this magnification, one pixel of

the image corresponded to 0.26 mm, and each field in the

monitor represented a tissue area of 0.04 mm2.

To quantify the relative volume densities of TTR, nerves

and ICC in the longitudinal and circular muscle layers, the

classical stereological point-counting method as adapted for

computerized image analysis was used [17–20]. The method

is based on a mathematic model where the relative volume

density of a structure (A) that lies within another structure (B)

is calculated. Both structures occupy a certain volume and

by numbering points covering the different structures a ratio,

the relative volume density, between points covering struc-

tures A and B can be calculated.

Briefly, an automated standard sequence analysis operation

was applied, in which a regular 400-point lattice was

superimposed on the frame containing the tissue. Points

covering tissue and points covering the TTR/nerves/ICC were
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pointed out with the computer mouse by the examiner; by

clicking on the mouse a series of blue highlighted points

appeared. The ratio of points lying on TTR/nerves/ICC versus

those lying on tissue in each field was tabulated. The sum of

all fields in the specimen was computed and automatically

analyzed with the QUIPS software. Twenty fields from the

circular and longitudinal muscle layers, respectively, were

randomly chosen from each individual. The ICC surrounding

the myenteric plexa were not included in the analysis.

Statistical analysis

Statistical analysis was performed by non-parametrical

methods since a normal distribution could not be guaranteed.

Differences between groups were tested by the Mann–

Whitney U-test and the Kruskal–Wallis test and correlations

were tested by Spearman’s rank order correlation. Data shown

are medians (range). p values below 0.05 were regarded as

statistically significant. PASW Statistics 18 for Macintosh was

used for the calculations. Power calculations were retrospect-

ive and JavaStat [21] was used for the online calculations.

Ethics

The study was approved by a Japanese ethical committee,

reference number: Kumamoto University No. 17-86.

Results

Patients

The patients’ median age was 43 (36–63) years. The median

duration of disease at the time of death and investigation was

11 (8–12) years and the median duration of the GI symptoms

was 9 (6–11) years. All patients had suffered from diarrhoea

and four (36 %) also from periods of constipation. Two (18%)

of the patients had suffered from nausea. Patients’ details are

outlined in Table 1. The median age of the controls was 62

(24–85) years, which was significantly higher than for the

patients (z¼ 2.54, p¼ 0.010). No data on GI symptoms were

recorded for the control cases. Clinical data of the controls are

presented in Table 2.

Nutritional status

mBMI data are presented in Tables 1 and 2. Median mBMI of

the patients was 579 (430–806) and six patients (55%) had an

mBMI below 600 (severe malnutrition). Patients with

diarrhoea as their only GI symptom had a lower mBMI

than those with diarrhoea and nausea or alternating diarrhoea

and constipation, but there was no significant difference in

mBMI between the groups (�2¼ 0.52, p¼ 0.77).

Median mBMI of the controls was 555 (331–657) and

eight (80%) of the controls had an mBMI below 600.

There was no significant difference in mBMI between

patients and controls (z¼ 0.78, p¼ 0.47).

Gastric ICC and nervous tissue

Figures 1, 2 and 3 show the results of the immunohistochemic

procedures for c-Kit-immunoreactive (IR) ICC, TMEM16A-

IR ICC and PGP 9.5-IR nervous tissue, respectively. There

were strong correlations between the relative volume densities

of c-Kit- and TMEM16A-IR ICC in both the circular and

longitudinal muscular layers (r2¼ 0.98, p50.001, for both).

The relative volume densities of c-Kit-IR and TMEM16A-

IR ICC were significantly lower in patients compared to

controls. Median density of c-Kit-IR ICC was 0.00 versus

2.58 (z¼�2.98, p¼ 0.004) in the circular muscle layers and

0.00 versus 1.84 (z¼�2.98, p¼ 0.004) in the longitudinal

muscle layers, for patients and controls, respectively

(Figure 4A). Median density of TMEM16A-IR ICC was

0.00 versus 2.84 (z¼�2.76, p¼ 0.008) in the circular muscle

layers and 0.00 versus 1.46 (z¼�2.68, p¼ 0.010) in the

longitudinal muscle layers, for patients and controls,

respectively.

There was no significant difference between the densities

of PGP 9.5-IR nervous tissue in the circular muscle layer of

patients and controls (median density 2.97 versus 6.76,

z¼�1.41, p¼ 0.173). In the longitudinal muscle layer, the

densities of PGP 9.5-IR tissue tended to be lower in patients

than in controls (median density 1.42 versus 2.47, z¼�1.66,

p¼ 0.099), however, the difference did not reach statistical

significance (Figure 4B). No significant difference in the

number of enteric neurons in myenteric ganglia was observed

between patients and controls (median count 19.00 versus

14.50, z¼ 0.85, p¼ 0.43).

Gastric amyloid deposits

Amyloid deposits were detected in all sections from the

patients, predominantly in the walls of the blood vessels.

A massive amyloid infiltration was observed in the

Table 1. Clinical data of the patients.

Patient Gender Age (years) GI symptom(s) mBMI

1 F 43 Diarrhoea 484
2 M 61 Diarrhoea 430
3 M 36 Diarrhoea and nausea 626
4 F 41 Diarrhoea 543
5 M 38 Alternating diarrhoea/constipation 717
6 F 57 Diarrhoea 481
7 F 43 Alternating diarrhoea/constipation 611
8 M 52 Alternating diarrhoea/constipation 680
9 M 42 Alternating diarrhoea/constipation 806

10 F 63 Diarrhoea 525
11 F 48 Diarrhoea and nausea 579

F¼ female. M¼male. GI¼ gastrointestinal. mBMI¼modified body
mass index, BMI (kg/m2)� serum albumin (g/L).

Table 2. Clinical data of the controls.

Control Gender Age (years) Cause of death mBMI

1 M 63 T-cell leukaemia 542
2 F 85 AMI 537
3 F 58 AMI 581
4 M 61 Lung cancer 421
5 M 75 Colon cancer 567
6 M 59 Colon cancer 331
7 M 77 Colon cancer 657
8 M 59 Colon cancer 527
9 M 66 Lymphoma 655

10 F 24 Colon cancer 568

AMI¼ acute myocardial infarction.
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muscularis mucosae. There were also amyloid deposits in the

muscularis externa and the submucosae in all sections from

the patients.

The median relative volume density of amyloid deposits

was 4.10 (1.16–38.23). There were no significant correl-

ations between the densities of gastric amyloid deposits

and c-Kit-IR ICC in the circular or longitudinal muscle

layers (r2¼�0.56, p¼ 0.073 and r2¼�0.58, p¼ 0.059,

respectively).

Also were there no significant correlations between the

densities of gastric amyloid deposits and PGP 9.5-IR nervous

tissue in the circular or the longitudinal muscle layers

(r2¼ 0.11, p¼ 0.75 and r2¼ 0.073, p¼ 0.83, respectively).

Double staining showed that the amyloid deposits

were located between or around, not within, the c-Kit-,

TMEM16A- and PGP 9.5-IR areas. Also were there no

amyloid deposits inside the myenteric plexa.

Gastric TTR

TTR immunohistochemistry was performed in all sections

from the patients and the median relative volume density of

TTR-IR tissue was 4.90 (1.96–40.10). No TTR-IR tissue

was located outside the amyloid deposits and there was a

strong correlation between the densities of amyloid deposits

and TTR-IR tissue (r2¼ 0.91, p50.001).

Figure 1. Immunohistochemic analyses of gastric antrum wall autopsy specimens visualizing c-Kit-IR ICC (dark brown) in (A) a patient with
hereditary TTR amyloidosis and (B) a non-amyloidosis control. A� 40 objective (40�/0.70, Pl Fluotar, Leica) was used for the analyses.
IR¼ immunoreactive. ICC¼ interstitial cells of Cajal. TTR¼ transthyretin.

Figure 3. Immunohistochemic analyses of gastric antrum wall autopsy specimens visualizing PGP 9.5-IR nervous tissue (dark brown) in (A) a patient
with hereditary TTR amyloidosis and (B) A non-amyloidosis control. A �40 objective (40�/0.70, Pl Fluotar, Leica) was used for the analyses. PGP
9.5¼ protein gene product 9.5.

Figure 2. Immunohistochemic analyses of gastric antrum wall autopsy specimens visualizing TMEM16A-IR ICC (dark brown) in (A) a patient with
hereditary TTR amyloidosis and (B) A non-amyloidosis control. A �40 objective (40�/0.70, Pl Fluotar, Leica) was used for the analyses.
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Nutritional status and gastric ICC

We found no significant correlations between the patients’

mBMI and their relative volume densities of c-Kit-IR ICC in

the circular or longitudinal muscle layers (r2¼�0.32,

p¼ 0.33 and r2¼�0.44, p¼ 0.18, respectively). Also were

there no significant correlations between the controls’ mBMI

and their densities of c-Kit-IR ICC in the circular or

longitudinal muscle layers (r2¼�0.29, p¼ 0.42 and

r2¼�0.16, p¼ 0.65, respectively).

Age, gastric ICC and nervous tissue

There were no significant correlations between the age at

death and the densities of c-Kit-IR ICC or PGP 9.5-IR
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Figure 4. The relative volume densities of gastric c-Kit-IR ICC and PGP 9.5-IR nervous tissue in patients with hereditary TTR amyloidosis and non-
amyloidosis controls were quantified with immunohistochemistry and computerized image analysis. (A) There were significant differences in c-Kit-IR
ICC in both the circular and longitudinal muscle layers (z¼�2.98, p¼ 0.004, for both). (B) No significant differences in PGP 9.5-IR nervous tissue
were found in the circular or longitudinal muscle layers (z¼�1.41, p¼ 0.173 and z¼�1.66, p¼ 0.099, respectively).

Table 3. Correlations between age at death and the relative volume
densities of gastric c-Kit-IR interstitial cells of Cajal (ICC) and PGP 9.5-
IR nervous tissue, respectively.

Age ICC circ ICC long Nerves circ Nerves long

Patients r2¼ 0.01 r2¼ 0.24 r2¼�0.47 r2¼�0.48
p¼ 0.97 p¼ 0.47 p¼ 0.15 p¼ 0.14

Controls r2¼ 0.28 r2¼ 0.40 r2¼ 0.12 r2¼�0.13
p¼ 0.43 p¼ 0.26 p¼ 0.74 p¼ 0.71

IR¼ immunoreactive. Circ¼ circular muscle layer. Long¼ longitudinal
muscle layer.
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nervous tissue in patients or controls. Details are outlined in

Table 3.

Gender-related differences

We found no significant gender related differences in the

densities of c-Kit-IR ICC in the circular or longitudinal

muscle layers of patients (z¼ 1.05, p¼ 0.429 and z¼ 0.58,

p¼ 0.66, respectively) or controls (z¼ 1.60, p¼ 0.117 and

z¼ 0.69, p¼ 0.52, respectively).

For PGP 9.5-IR nervous tissue there was a significant

gender-related difference in the longitudinal (z¼ 2.19,

p¼ 0.030), but not in the circular muscle layer (z¼ 0.55,

p¼ 0.66) of the patients. No significant differences were

observed in the circular (z¼�0.11, p¼ 1.00) or longitudinal

muscle layers (z¼ 0.11, p¼ 1.00) of the controls. Details are

outlined in Table 4.

Power

The calculated power to detect a difference in c-Kit-IR ICC

between patients and controls was 82%.

Discussion

Gastrointestinal symptoms are common in hereditary TTR

amyloidosis and are important for morbidity and mortality,

both before and after liver transplantation [6,9]. All patients

included in the present study suffered from GI complications

and 55% showed signs of severe malnutrition. A majority

(80%) of the controls also had mBMI values consistent with

severe malnutrition.

To the best of our knowledge, this is the first study

showing a depletion of gastric ICC in patients with TTR

amyloidosis and the loss of ICC was verified with two

different immunohistochemic procedures. We believe that this

is an important factor for the GI disturbances in these patients

and, since the controls were randomly selected and their cause

of death was shifting, we find it unlikely that factors other

than the TTR amyloidosis could explain the difference in ICC

between patients and controls. Additionally, there was no

significant difference in nutritional status between patients

and controls and consequently, the difference in ICC was not

caused by a poorer nutritional status of the patients.

The material is unique given the short time span between

the time of death and the autopsies, which all were carried out

by a pathologist on call. For this reason we had no possibility

to select an age, gender and mBMI matched control material.

The fact that the median age was significantly higher in the

control group may have influenced the densities of ICC and

nervous tissue in the controls; however, there were no

significant correlations between age and the densities of

ICC or nervous tissue in our material. There was an unequal

gender distribution between the studied groups, but we found

no evidence of any gender-related differences in the densities

of ICC. For patients, there was a significant gender related

difference in the densities of nervous tissue in one of the

muscle layers, females showing a lower median density than

males. This was not the case for the control group, which may

be due to the larger proportion of males in this group.

However, we do not believe that this is of any clinical

significance.

The mechanisms behind the depletion of ICC are not clear.

In analogy to previous data [20,22], we found no significant

destruction of the enteric nervous system and consequently,

an enteric neuropathy does not seem to be a major factor for

the loss of ICC or for the GI symptoms in general. Further,

there was no evidence of amyloid deposits within the c-Kit-IR

or TMEM16A-IR areas of the patients, yet there was a trend

to a negative correlation between the densities of amyloid and

ICC, indicating that the amyloid deposits elicit indirect (i.e.

toxic) rather than structural effects on the ICC. This also

seems to be the case for the neurodegeneration in TTR

amyloidosis [4]. The fact that the amyloid deposits were

mostly found in the blood vessel walls, which is consistent

with previous findings [22], might suggest that vascular

changes contribute to the loss of ICC and to the GI

complications in these patients.

Amyloid deposits in the autonomic and enteric nervous

systems and changes in the neuroendocrine cell content of

the GI tract may also be part of the underlying mechanisms

[10–14]. However, as mentioned above, some studies show

that the enteric nervous system is not affected in ATTR V30M

patients and there was only a weak correlation between the

autonomic function and the gastric emptying rates in another

of our studies [23]. Moreover, the GI function is not improved

after liver transplantation [24,25], although a normalization of

the endocrine cell count can be observed [26]. An autonomic

dysfunction is indeed important for some of the complications

in patients with hereditary TTR amyloidosis, but it remains

unclear to what extent the autonomic and enteric neuropathies

affect their gastrointestinal function.

The preservation of ICC in the GI tract is dependent on

a complex interaction of promoting and demoting factors

involving stimulation of precursor cells, cell death and

transdifferentiation of ICC into other cell types [27].

An imbalance between these promoting and demoting factors

may contribute to the depletion of ICC.

Table 4. Gender related differences in the relative volume densities of gastric c-Kit-IR interstitial cells of Cajal
(ICC) and PGP 9.5-IR nervous tissue.

ICC circ ICC long Nerves circ Nerves long

Patients
Females 0.00 (0.00–0.57) 0.00 (0.00–1.33) 3.14 (1.50–8.19) 1.20 (0.76–2.23)*
Males 0.00 (0.00–1.45) 0.00 (0.00–0.82) 2.61 (2.25–13.55) 2.72 (1.06–7.17)*

Controls
Females 1.41 (0.00–2.51) 1.74 (0.00–1.94) 6.98 (3.24–8.37) 2.44 (2.35–2.86)
Males 3.08 (0.00–4.87) 1.93 (0.00–4.52) 6.54 (3.30–7.95) 2.50 (1.22–7.62)

Data shown are medians (range).
*Statistically significant difference.
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As diabetes mellitus and hereditary TTR amyloidosis both

cause autonomic and peripheral neuropathies and give rise to

similar GI complications [7,28], it is tempting to believe that

they share a common pathophysiology. Diabetics show a

deficiency of gastric [29] as well as colonic ICC [30],

which is believed to be one of the mechanisms behind their

GI complications [31]. A depletion of smooth muscle cell-

produced stem cell factor, due to relative insulinopenia

and IGF-1 deficiency, and an increased oxidative stress have

been shown to contribute to the loss of ICC in diabetes

mellitus [32].

Patients with hereditary TTR amyloidosis show alterations

in glucose metabolism [33] and decreased levels of growth

hormone [34], a stimulator of IGF-1 production, which might

suggest that hormonal changes affect the number of ICC also

in TTR amyloidosis. Furthermore, there is evidence of

amyloid toxicity and an increased oxidative stress in the

amyloid deposits of patients with hereditary TTR amyloidosis

[4,35,36], possibly mediated by AGE and RAGE [3], which

accordingly may be another factor leading to a depletion of

ICC in these patients.

At present there are few treatment options for the GI

symptoms in patients with hereditary TTR amyloidosis and

diabetes mellitus. Although a liver transplantation reduces the

free radical activity in the amyloid deposits of patients with

TTR amyloidosis [37], no improvement of the GI symptoms

has been noted after liver transplantation [24,25]. Treatment

aimed to counteract oxidative stress has been shown to be

promising in patients with diabetes [38–40], but unfortunately

there was no decrease in lipid peroxidation in amyloid

deposits after 6 months of scavenger treatment with vitamin C

and E and acetylcysteine in patients with TTR amyloidosis

[41]. Bacterial overgrowth can be treated with antibiotics and

prokinetic drugs can be used in patients with a delayed gastric

emptying, however, mostly with only temporary effects on the

symptoms. Therefore, there is a need for alternative

approaches.

Limitations

As full-thickness gastric wall samples were required for the

analyses of myenteric ICC, and as such samples are not

available for living patients, all sections analyzed in the study

were post-mortem samples, and thus a certain degree of post-

mortem degradation was inevitable. However, all tissue

samples except one were collected within 5 hours post

mortem to minimize the tissue degradation. Further, the post-

mortem degradation should be equivalent in the samples from

patients and controls since the collecting procedure was the

same in both groups.

The study was based on a small number of patients, which

may have affected its outcome. Nevertheless, the calculated

statistical power for the difference in c-Kit-IR ICC between

patients and controls was 82%.

We chose to investigate the densities of gastric ICC and

gastric nerves and one may argue that it would be better to use

small intestinal or colonic tissues since most patients in the

study suffered from lower GI symptoms. However, the

depletion of ICC in patients with diabetes mellitus is reported

to be similar throughout the GI tract [29,30] and the GI

symptoms has been shown to be poor predictors of the actual

GI function in patients with TTR amyloidosis [23].

Both age and morbidity may have negatively affected the

densities of ICC in the control group [42,43], which also

indicates the absence of ICC in some control cases. No data

on the relative volume densities of gastric PGP 9.5-IR nervous

tissue or c-Kit- and TMEM16A-IR ICC of healthy controls

were available to us at the time of the study.

Conclusions

Patients with hereditary TTR amyloidosis display a marked

loss of gastric ICC compared to non-amyloidosis controls, but

no evident depletion of intramural or myenteric gastric

nerves. The loss of ICC, possibly mediated by amyloid

toxicity and vascular changes, may well be an important

factor for the GI disturbances in these patients.
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