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Summary Immunohistochemical, cytochemical and ultrastructural data showing vivid angiogenesis and numerous mast cells (MCs) in the
bone marrow of 24 patients with active multiple myeloma (MM) compared with 34 patients with non-active MM and 22 patients with
monoclonal gammopathy of undetermined significance (MGUS) led us to hypothesize that angiogenesis parallels progression of MM , and
that MCs participate in its induction via angiogenic factors in their secretory granules.
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Table 1 Patient clinical and immunological data

Total no.  80

Multiple myeloma  58

Active  24
Average age (median, range)  64 years (66.5, 42–87)
Men/women  15/9
M-component IgG/IgA/IgD /κ or λ 16/6/1/1
Diagnosis  10

Stage I/II/III; A/Ba 1/2/7; 6/4
Relapseb 8
Progression  6

Non-active  34
Average age (median, range)  66 years (68, 45–80)
Men/women  20/14
M-component IgG/IgA / κ or λ 22/8/4
Response  20
Plateauc 14

Monoclonal gammopathy of
undetermined significance  22

Average age (median, range)  62 years (63.8, 45–86)
Men/women  12/10
M-component IgG/IgA/IgM  18/2/2

aAccording to Durie and Salmon. bRelapse defined as M-component increase
>50% from the lowest value, or clinical and bone marrow relapse when the
M-component did not reflect tumour load and disease activit y. cPlateau
phase defined as post-treatment M-component decrease >50%, and lasting
for at least 6 months without treatment.
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Table 2 Microvessel area and mast cell counts in the bone marrow of
patients

MGUS Non-active MM Active MM
(n = 22) (n = 34) (n = 24)

Microvessel area (µm2) 1.1 ± 0.5 1.2 ± 0.6 5.7 ± 3*
(0.9; 0.2–2.5) (1.3; 0.2–2.2) (5.2; 1.2–12.8)

Number of mast cells 1.3 ± 1* 1.6 ± 1.2 4.8 ± 2*
(1; 0–3) (1.5; 0–4) (5; 1–8)

Results are expressed as means ± 1 standard deviation (median; range) in
250× microscopic fields (125 µm2). The cellular area in MGUS, non-active
and active MM was 42.1 ± 8.8 µm2, 46.6 ± 11.2 µm2 and 52.4 ± 9.6 µm2.
*P < 0.01 compared with non-active MM and MGUS
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Figure 1 Adjacent sections of bone marrow biopsies stained with factor VIII for m
patients with: (A) and (B) active MM (relapse); (C) and (D) non-active MM (plateau
cells (some are arrowheaded) in the active MM patient. Bar = 10 µm
  
        
     









Measurement of bone marrow angiogenesis
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icrovessels (A, C, E) and with toluidine blue for mast cells (B, D, F) from
); and (E) and (F) MGUS. Note the higher density of microvessels and mast



Angiogenesis and mast cells in human multiple myeloma 453

A

0 2 4 6 8 10
0

15

10

5

M
ic

ro
ve

ss
el

 a
re

a 
(µ

m
2 )

Number of mast cells

P <0.01
r =0.74

B

0 1
0

3

2

1

M
ic

ro
ve

ss
el

 a
re

a 
(µ

m
2 )

Number of mast cells

P <0.01
r =0.79

3 42 5

C

0 1
0

3

2

1

M
ic

ro
ve

ss
el

 a
re

a 
(µ

m
2 )

Number of mast cells

P <0.01
r =0.61

3 42

A

B

Figure 2 Mast cell counts in comparison with the microvessel area in the
bone marrow of patients with (A) active and (B) non-active MM and (C) with
MGUS. Significance of the regression analysis was calculated by the
Pearson’s (r) test

Figure 3 Ultrastructural findings of bone marrow biopsies from patients with
active MM. In (A), a mast cell with typical electron-dense round granules and
in (B), at higher magnification, a cytoplasmic granule with a semilunar
aspect (arrow), among other typical round granules, is recognizable. Bar,
(A), 0.08 µm; (B) 0.02 µm
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Electron microscopy
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