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Electron Microscopic Study on the
Pathogenesis of AA type
Renal Amyloidosis

Kwan Kyu Park, M.D. and Young Ho Kim, M.T.

Department of Pathology, Keimyung University
School of Medicine, Tacgu, Korea

Tae Joong Sohn, M.D.

Department of Pathology, Kyungpook National
University School of Medicine, Taegu, Korea

Renal amyloidosis was induced in a group of ICR
mice by daily subcutaneous injections of casein-
endotoxin solution to clarify the pathogenentic me-
chanism of renal glomerular amyloidosis. The mice
were sacrificed at 1, 2, 3, 4, 5, 6 and 7 weeks after the last
injection of casein-endotoxin. The kidneys were proces-
sed for light and electron microscopy. Amyloid deposits
were investigated on light microscopy, immunohisto-
chemistry by the PAP method, electron microscopy and
ultrathin section using the protein-A gold method.

Light microscopically, the distribution of amyloid in
the glomerulus was not diffuse but focal and nodular
leaving some portions of the capillary walls intact even
in the heaviest lesion. Electron microscopically, amyloid
fibrils were demonstrated predominantly in the mesan-
gial matrix and could be seen penetrating the basement
membrane of the mesangial region into the subepithelial
and subendothelial space of adjacent glomerular capil-
laries. The basement membrane is not primarily
involved in amyloidosis, but is secondarily infiltrated by
heavy amyloid deposition. These amyloid fibrils were
arranged in random array as thin, rigid and nonbranch-
ing fibrils. With increasing amounts of amyloid, the
mesangium became widened and the mesangial cell
cytoplasm diminished in amount. The glomerular cells -
whether they are mesangial, endothelial or epithelial
cells - contain an abundance of free rebosomes,
polysomal aggregates, endoplasmic reticulum and Golgi
apparatuses. The intimate structural relationships of
the tufts of amyloid fibrils to mesangial cells, as well as
to the endothelial and epithelial cells were observed.
Membrane surrounded amyloid fibrils were found with-
in the cytoplasm of the mesangial and epithelial cells.

These are most likely the result of cross sections or
oblique sections of the invagination of the amyloid to
the cyoplasm of the cells. The cytoplasmic membrane or
the membrane surrounding the intracellular amyloid
fibrils appears incistinct at the particular site of appar-
ent amyloid formation. Many vesicles and vacuoles are
also found near the cytoplasmic membrane of the cells.
Using the postembedding protein-A gold technique,
monoclonal antibodies directed against amyloid-A
protein (AA) were examined by immunoelectron micros-
copy to identify the fibrils. Many gold particles labelled
fibrillar structure were seen in the extracellular space.

It is concluded by our morphologic findings that
amyloid fibrils in the glomerulus are formed from
amyloid precursors brought via the blood stream and
may be formed in the extracellular space under the
lysosomal enzyme released from epithelial, mesangial
and perhaps endothelial cells.
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Key For Abbreviations

A:

Amyloid

Bm: Basement membrane
CL: Capillary lumen

En: Endothelial cell

Ep: Epithelial cell

Ms: Mesangial cell

N:
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Nucleus

1. One week after casein and endotoxin injection. Glomerular capillaries are congested and amyloid is not
deposited (H & E, X 200).

2. Six weeks after casein and endotoxin injection. Amyloid deposits form a nodule in the mesangium extending
to the capillary wall (H & E, X 200).

3. Six weeks after casein and endotoxin injection. Orange-green birefringence of amyloid under polarizing
microscope (Congo red, X 200).

4. Seven weeks after casein and endotoxin injection. I'mmunohistochemistry using monoclonal anti-AA serum
shows brown nodular amyloid deposits in the mesangium (PAP, X 200).

5. Six weeks after casetn and endotoxin injection. Amyloid deposition is found predominantly in the mesangium.
The cytoplasm of the mesangial cell is reduced in volume (TEM, X 10, 200).

6. Seven weeks after casein and endotoxin injection. A monocyte is seen in the capillary lumen of the glomerulus
(TEM, x 13, 600).

7. Two weeks after casein and endotoxin injection. Amyloid in the mesangium extended to the basement
membrane of capillary wall (TEM, X 17, 000).

8. Six weeks after casein and endotoxin injection. Early formation of amyloid fibrils in the subendothelial space
and endothelial cell in loose contact with underlying layer (TEM, x 28, 900).

. 9. Six weeks after casein and endotoxin injection. Bundles of amyloid fibrils which have extended through the

epithelial cytoplasm into the capillary lumen (arrow). Fenestrae between endothelial cells appear unusually wide
(TEM, X 17, 000).

10. Seven weeks after casein and endotoxin injection. The endothelial cell shows abundant Golgi apparaius,
endoplasmic reticulm, vesicles and some lysosomes (TEM, x 20, 400).

11. One week after casein and endotoxin injection. The mesangial cell lying in amyloid deposit shows pyknotic
nucleus. The cytoplasm shows many lysosomes (arvow head) and myelin figure-like residual body (arrow)
(TEM, X 17, 000).

12. Six weeks after casein and endotoxin injection. Amyloid fibrils are arranged almost perpendicularly to the
surface of mesangial cell. Plasma membrane appears to be indistinct and dense due to aggregation of finely
granular or filamentous amyloid materials (TEM, x25, 500).

13. Two weeks after casein and endotoxin injection. Mesangial cells have finger-like cytoplasmic projections. The
plasma membrane appears to be indistinct and invaginated as a pocket filled with amyloid fibrils (arrow). Some
membrane-surrounded amyloid fibrils are intracellular (TEM, x 34, 000).

14. Seven weeks after casein and endotoxin injection. Small vesicles are attached to plasma membrane of the
mesangial cells and are present in the extracellular space due to destruction of the membrane. Some vacuoles
are also present in the cytoplasm (TEM, x 34, 000).

15. Seven weeks after casein and endotoxin injection. The cytoplasm of the podocyte is swollen and shows
lysosomes, swollen mitochondria and numerous filaments. These filaments are seen itn normal podocytes as well.
Although they appear somewhat similar to amyloid fibrils in dimension and density, they are slightly thinner
and softer than amyloid fibrils. The basement membrane is nearly intact (TEM, x 20, 400).

16. Six weeks after casein and endotoxin injection. Cone shaped bundle of amyloid fibrils in the basement
membrane are invaginated to the cytoplasm of the podocyte (arrow)TEM, X 42, 500).

17. Four weeks after casein and endotoxin injection. Membrane-surrounded amyloid fibrils are seen within the
cytoplasm of the epithelial cell ( % ). Granular and fine filementous materials are also present in the capillary
lumen (TEM, X 25, 500).
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. 18. Six wecks after casein and endotoxin injection. In border of endothelial cell and of mesangial cell, intimate

structural relationship between cell membrane and amyloid fibrils is seen. Some foot processes are denuded and
subepithelial space is enlavged (TEM, X 34, 000).

19. Seven weeks after casein and endotoxin injection. Amyloid is present on both sides of basement membrane.
The foot processes of epithelial cell are fused and show several vesicles close to the cytoplasmic membrane
(TEM, X 25, 500).

20. Six weeks after casein and endotoxin injection. Amyloid fibrils are arranged perpendicularly to the basement
membrane and the cytoplasmic membrane of the podocyte is focally indistinct. Opened vesicle is integrated into
the cell membrane (arrow)TEM, X 42, 500).

21. Seven weeks after casein and endotoxin injection. Endothelial cells show reticulated pattern and theiy
Sfenestrae are widened (TEM, X 13, 600). .

22, Seven weeks afler casein and endotoxin injection. The endothelial cell shows increased nember of lysosomes,
ovoid or elongated mitochondria, free ribosomes and rough endoplasmic reticulum (TEM, x 20, 400).

23. Immunoelectron microscopic finding of AA-type amyloid fibrils. Staining with monoclonal anti-AA (mcl)
reveals many gold particles of approxtmately 20 nm over the amyloid fibrils. Epon embedding; contrast with
uranyl acetate (IEM, X 34, 000).

24. Immunoelectron microscopy using anti-mouse AA. Gold particles are not seen within the mesangial cytoplasm.
Many vesicles or vacuoles are present near the cytoplasmic membrane (IEM, X 42, 500).
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