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To the Editor:
The recent paper by Meier et al. [1] on pancreatic beta cell
replication in type 1 diabetes was of great interest to me.
Consistent with a prior study from the same group [2], the
authors report that ‘beta cell apoptosis is an important
mechanism for beta cell loss in type 1 diabetes.’ In
addition, the authors claimed they provided ‘direct evidence
of attempted beta cell regeneration through the mechanism
of beta cell replication in a case of newly diagnosed type 1
diabetes.’ While the conclusions might be right, the data
presented in the paper are not convincing.

The authors co-stained for cytoplasmic insulin (green),
nuclear Ki67 (red) and nuclear 4,6-diamidino-2-phenyl-
indole (DAPI) (blue) to identify and quantify replicated
beta cells [1]. In this case, the replicated beta cell should
show a purple (blue + red) nucleus and green cytoplasm. I
was unable to identify any cell with a purple nucleus and
green cytoplasm in the published Fig. 5. Instead, the arrow
in Fig. 5a indicates a cell with an elongated red nucleus
representing ‘replicating beta cells.’ The published Fig. 5b
also shows several extra-islet elongated Ki67-expressing
nuclei, which are suggestive of stromal fibroblasts. Com-
pared with islet beta cells with round or oval nuclei, spindle
fibroblasts have higher proliferative activity and are
involved in the development of fibrosis [2]. If the Ki67-
expressing fibroblasts were counted as replicated beta cells,
the morphometric data on beta cell replication would be
inaccurate, and the conclusion that ‘beta cell regeneration
through the mechanism of beta cell replication’ was taking

place might not be justified. In both patients with type 2
diabetes [3] and type 1 diabetes [2], the authors have
consistently claimed that the frequency of replication,
assessed by staining with Ki67, is extremely low in beta
cells.

The application of CD68 is an unreliable method for the
identification and quantification of islet macrophages. The
published Fig. 2 shows that the intra-islet CD68-expressing
cells were counted as macrophages. But most of the CD68-
expressing cells are spindle cells, which are also highly
suggestive of fibroblasts. In fact, both immunohistochem-
istry and flow cytometry have shown that fibroblasts test
positive for a panel of CD68 markers [4]. CD68 is not a
macrophage-specific antigen [5]. Rather, CD68 is a
phagocytotic antigen, and activated fibroblasts and vascular
smooth muscle cells and endothelial cells express CD68
[4–6].

The results of immunohistochemical staining and immu-
nofluorescent labelling should be interpreted with extreme
caution. False positive results occur through diffusion of
immunostain into closely contacted cells, phagocytosis of
apoptotic cell antigens by cells, and application of anti-
bodies raised against short amino acid sequences [7]. Using
confocal microscopy, a recent study showed membrane
(yellow) immunoreactivity in a large proportion of human
islet cells double-labelled for insulin (red) and glucagon
(green) [8]. This observation does not indicate these
membrane islet cells are alpha–beta cells that co-express
insulin and glucagon. Instead, the yellow reflects label
diffusion and close membrane contact between the islet beta
cells and alpha cells. Similarly, the terminal deoxynucleo-
tidyl transferase-mediated dUTP–biotin nick-end labelling
(TUNEL)- and insulin-positive cells shown in Fig. 4 of the
case presented by Meier et al. [1] may not represent
apoptotic beta cells. Insulin-positive beta cells with phago-
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cytotic apoptotic bodies are also stained by TUNEL. The
authors may argue that apoptosis has been assessed with
TUNEL staining in a long list of publications. I respectfully
suggest caution when interpreting image data. What I have
learned from my 15-year experience in clinical and
experimental pathology is that histology and immunostain-
ing do have many limitations.
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