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Review Article

Despite remarkable advances in molecular medicine 
capable of providing exquisite information on tumors, 
such as clonality, gene expression profile, genetic altera-
tions, prognostic model, and predictive marker for 
response to target therapy, the microscope has remained 
the most important tool of the surgical pathologist in 
everyday practice. This is because most specimens in sur-
gical pathology practice, such as gastrointestinal biopsies 
and uterine curettings, are diagnosed by histologic exami-
nation alone and do not require molecular analysis. Even 
for malignant neoplasms, a precise or at least a presump-
tive histologic diagnosis is the starting point for the selec-
tion of the relevant molecular investigations. Furthermore, 
examination of routine histologic sections (in addition to 
gross examination), coupled with immunohistochemistry, 
can already provide most of the crucial information for 
patient management.

It is extraordinary that the hematoxylin–eosin (H&E) 
stain, introduced more than a century ago, has stood the 
test of time as the standard stain for histologic examination 
of human tissues.1 This simple and inexpensive dye com-
bination is capable of revealing remarkable cellular details, 
to the extent that the ultrastructural features can be 
deduced. The interplay of colors can also provide consid-
erable clues to the functional status of the cells. In this 
review, the spectrum, tone, intensity, and texture of colors 
observed in the H&E-stained slides are discussed to illus-
trate their value in diagnosis.
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Abstract
The hematoxylin–eosin (H&E) stain has stood the test of time as the standard stain for histologic examination of human 
tissues. This simple dye combination is capable of highlighting the fine structures of cells and tissues. Most cellular 
organelles and extracellular matrix are eosinophilic, while the nucleus, rough endoplasmic reticulum, and ribosomes 
are basophilic. This review discusses the spectrum, intensity, and texture of colors observed in H&E-stained slides to 
illustrate their value in surgical pathology diagnosis. Changes in color of the nuclei occur in the presence of nuclear 
pseudoinclusions (such as papillary thyroid carcinoma) or inclusions (such as viral infection, surfactant, immunoglobulin, 
and biotin). The color of the cytoplasm of spindly cells can provide clues to their nature, such as basophilic (fibroblast), 
eosinophilic (smooth muscle and others), and amphophilic (myofibroblast). Eosinophilic globules have diagnostic value 
for sclerosing polycystic adenosis of salivary gland, low-grade B-cell lymphoma, solid pseudopapillary tumor of pancreas, 
and inclusion body fibromatosis. Eosinophilic granules are characteristic of granular cells (lysosome-rich), oncocytic cells 
(mitochondria-rich), and cells with secretory products (including neuroendocrine cells). Eosinophilic crystals can be 
diagnostic of lymphoma/plasmacytoma and crystal-storing histiocytosis. Basophilic granules or inclusions are diagnostic 
of acinic cell carcinoma and malakoplakia (Michaelis–Gutmann bodies). Yellow or brown inclusions are characteristic 
of hyalinizing trabecular adenoma of thyroid (yellow bodies), brown bowel syndrome, and malignant melanoma. 
Extracellular eosinophilic deposits can be produced by many conditions, but amyloid and monoclonal immunoglobulin 
deposition disease are important considerations. Extracellular basophilic deposits may be seen in small cell carcinoma 
and systemic lupus erythematosus, but they differ in that the former is blue (nuclear material) while the latter is purple 
(nuclear material plus immunoglobulin).
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Hematoxylin–Eosin Staining of 
Normal Tissues

Staining Patterns of Normal Cells

Before discussion of the H&E staining patterns in normal 
tissues, a brief summary of the terms used to describe the 
colors is in order:

1. Basophilic: Affinity for basic dye, that is, hema-
toxylin. This refers to blue color.

2. Hematoxyphilic: Affinity for hematoxylin. This 
also refers to blue color.

3. Acidophilic: Affinity for acid dye, that is, eosin. 
This refers to red/pink color.

4. Eosinophilic: Affinity for eosin. This refers to red/
pink color.

5. Amphophilic: Affinity for both acid and basic 
dyes. This refers to a purple color.

Hematoxylin itself has no staining properties, not until 
it has been oxidized to hematein and combined with a mor-
dant (most commonly aluminum alum).2 It is a positively 
charged (cationic) basic dye. Eosin is a negatively charged 
(anionic) acid dye. Sequential application of the dyes to 
histologic sections results in nuclei being stained blue, and 
cytoplasm and extracellular matrix pink.3 In a well-stained 
slide, considerable intracellular details can be observed 
under the light microscope, reflecting the ultrastructural 
topographic distribution of organelles and filaments.

In the H&E stain, most cellular organelles and extracel-
lular matrix are eosinophilic (Table 1). Some of these 
structures can often be appreciated by their color tone, 

intensity of staining, and texture, especially when present 
in abundance (Figure 1). For example, mitochondria 
appear as deep pink granules of uniform size, and fila-
ments manifest as intracytoplasmic fibrils. Rough endo-
plasmic reticulum and ribosomes are basophilic, probably 
due to the presence of attached nucleic acids. Their abun-
dance will impart a blue or purple color to the cytoplasm. 
Zymogen granules of the serous acinar cells in the salivary 
glands are basophilic. Cells containing intracytoplasmic 
acidic mucin, such as mucinous glands in mucosal sites, 
show light blue flocculent material in the cytoplasm.

Lipid, dissolved out of the cells by the reagents used for 
tissue processing, will lack staining, appearing as empty 
spaces. Examples are adipose cells and the finely vacuo-
lated sebaceous cells.

Morphologic–Functional Correlation

Much information about the fine structures and functions 
of cells can be deduced from the H&E-stained slide. Some 
examples are given below.

Erythropoiesis is characterized by maturation in 
sequence from pronormoblasts, early normoblasts, inter-
mediate normoblasts, late normoblasts to red blood cells. 
The cells belonging to the earlier stages typically have 
blue cytoplasm, because of presence of abundant ribo-
somes, which are required for synthesis of hemoglobin. As 
the cells mature, hemoglobin (pink color) accumulates, 
concurrent with gradual reduction in the amount of ribo-
somes. Thus the cytoplasm gradually changes from purple 
(ribosomes plus hemoglobin) to pink (hemoglobin plus 
few ribosomes; Figure 2).

Table 1. Staining Properties of Cellular Constituents by Hematoxylin–Eosin.

Basophilic (Blue) Eosinophilic (Pink) No Staining (Empty)

•• Nucleus (including nuclear 
membrane and heterochromatin)

•• Rough endoplasmic reticuluma

•• Ribosomesa

•• Zymogen granules of serous 
acinar cells in salivary gland

•• Catecholamine dense-core 
(neurosecretory) granules

•• Acidic mucin

•• Cell membrane (including microvilli)
•• Cilia
•• Mitochondria
•• Lysosome
•• Most types of dense-core 

(neurosecretory) granules
•• Smooth endoplasmic reticulum
•• Intermediate filaments
•• Myofilaments
•• Microtubules
•• Proteins, for example, immunoglobulin, 

hemoglobin
•• Nucleolus
•• Neutral mucin

•• Lipid vacuoles (dissolved on tissue 
processing)

aRibosomes represent the site for synthesis of proteins to be retained in the cell for various functions, while rough endoplasmic reticulum 
represents the site for synthesis of proteins destined for secretion.
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In the pancreas, the acinar cells typically show a baso-
philic color in the lower half, and an eosinophilic granular 
appearance in the upper half (Figure 3). This pattern of color-
ation is expected because the lower half of the cell is rich in 
rough endoplasmic reticulum which is essential for synthesis 
of protein for secretion, and the upper half is packed with the 
protein products waiting to be secreted into the lumen.

In the gastric body, the parietal cells function in secre-
tion of hydrochloric acid. The intracellular canaliculi, 
which can be seen on H&E staining as narrow clefts in the 
cytoplasm, represent the special microenvironment essen-
tial for this function (Figure 4). The eosinophilic granular 
cytoplasm reflects presence of abundant mitochondria, 
which are required to supply energy for acid secretion.

In the salivary gland, the cells lining the striated 
ducts have eosinophilic granular cytoplasm reflecting 

Figure 1. Colors and cellular details in hematoxylin–eosin (H&E)–stained histologic section. (A) In this skin specimen, intercellular 
bridges are seen between the individual squamous cells. Cytoplasmic fibrils (cytokeratin) are also evident in some cells (arrows). 
Note the different intensities and tones of pink staining in the different structures, from deep to light: keratin, luminal cuticle of 
sweat duct (L), cytoplasm of epidermal cells, and collagen. (B) A breast lobule showing myoid metaplasia of the myoepithelium. The 
cytoplasm of the metaplastic myoepithelium shows deep pink staining like muscle cells, being darker than the surrounding collagen 
fibers.

Figure 2. Bone marrow biopsy showing active erythropoiesis. 
Pronormoblasts and early normoblasts have basophilic 
cytoplasm (black arrows). Intermediate normoblasts have 
purple cytoplasm (green arrows). Late normoblasts have 
eosinophilic cytoplasm (red arrows), approaching the color of 
red blood cells.

Figure 3. Pancreatic acini. The basal portion of the cells stains 
blue, while the upper portion shows eosinophilic granular 
staining.
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the presence of numerous mitochondria, which supply 
energy for transport of fluid and electrolytes. The basal 
portions of the cells show multiple streaks, because of 
deep infoldings of the basal cell membrane, which help 
increase the surface areas for fluid and electrolyte trans-
port (Figure 5).

Aberrations in Color of Nuclear 
Staining

The nuclear membrane and chromatin clumps/granules 
typically appear basophilic in the H&E stain. The nucle-
olus is generally eosinophilic, but can appear ampho-
philic to basophilic because of the presence of overlying 
chromatin strands. Changes in the color of nuclei occur 
in the presence of nuclear pseudoinclusions or inclu-
sions. This subject has been discussed in detail in a sepa-
rate review,4 and thus only a summary is presented 
(Table 2).

Nuclear Pseudoinclusions: Diagnostic Value

Nuclear pseudoinclusions, although not specific or pathog-
nomonic of any disease entity, is a characteristic finding in 
papillary thyroid carcinoma, hyalinizing trabecular ade-
noma of the thyroid, meningioma, and usual ductal hyper-
plasia of the breast (Figure 6). The presence of readily 
identifiable nuclear pseudoinclusions favors these diagno-
ses over their mimickers (Table 2).

Nuclear Inclusions: Diagnostic Value and Pitfall

Nuclear inclusions, when present, are diagnostically help-
ful. The different appearances of the viral inclusions, in 
combination with the clinical scenario, cell type being 
involved and host reaction, can provide important clues to 
the type of virus. Readily identifiable Dutcher bodies in a 
lymphoplasmacytic or plasmacytic infiltrate provide an 
important clue for the neoplastic nature of the cellular pro-
liferation (Figure 7). In an adenocarcinoma, the presence 
of nuclear inclusions is highly suggestive of a pulmonary 
origin because the inclusions represent inspissated surfac-
tant (Figure 8). On the other hand, nuclear inclusions can 
be misleading to the unwary, such as biotin inclusions, 
which can be mistaken for viral inclusions (Figure 9).

Colors and Aberrations of 
Cytoplasmic Staining as Clues to 
Diagnosis

Clue to Diagnosis From Cytoplasmic Color

In the assessment of mesenchymal cell proliferations, 
determining the direction of differentiation of the cells is 
an important first step toward arriving at a diagnosis. The 
color of the cytoplasm often provides an important clue 
on the nature of the spindly (sometimes oval) cells 
(Figure 10). Fibroblasts have abundant rough endoplasmic 
reticulum essential for protein (collagen) synthesis; thus 
the cytoplasm is blue on H&E staining (Figure 11A). 
Smooth muscle and skeletal muscle cells are packed with 
myofilaments and intermediate filaments (vimentin) in the 

Figure 4. Gastric body mucosa: exquisite details can be 
appreciated in a well-stained hematoxylin–eosin (H&E) section. 
The narrow clefts (arrows) in the parietal cells represent 
intracellular canaliculi. The parietal cells have eosinophilic 
granular cytoplasm due to abundance of mitochondria. The 
chief cells seen in the left field show basophilic staining of the 
lower half of the cytoplasm, and eosinophilic staining with fine 
vacuolation in the upper half.

Figure 5. Parotid gland. Striated ducts (lower field) are 
surrounded by serous acini with basophilic granules. The 
striated duct epithelium shows eosinophilic granular cytoplasm 
with striations in the basal portion.
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Table 2. Nuclear Pseudoinclusions and Inclusions.

Type of Nuclear 
Pseudoinclusion or Inclusion Morphology Occurrence and Significance

Nuclear pseudoinclusion
 Nuclear pseudoinclusion 

formed by invagination 
of cytoplasm into 
nucleus

Nuclear pseudoinclusion is bound by 
basophilic nuclear membrane, and 
contains eosinophilic cytoplasmic 
material

Common occurrence in:
•• Usual ductal hyperplasia of breast (of value for 

distinction from low-grade intraductal carcinoma)
•• Papillary thyroid carcinoma (of value in differential 

diagnosis from other thyroid tumor types, except 
hyalinizing trabecular adenoma)

•• Hyalinizing trabecular adenoma of thyroid
•• Meningioma (of value in differential diagnosis from 

schwannoma, particularly at intraoperative diagnosis)
Nuclear inclusion
 Viral inclusion Two major morphologic patterns:

1. Replacement of the entire 
nucleus by homogeneous lightly 
to deeply amphophilic material, 
sometimes imparting a ground-
glass quality

2. Large discrete eosinophilic or 
amphophilic inclusion body, 
often surrounded by halo 
(can sometimes be difficult to 
distinguish from nucleolus)

Some, but not all, viruses produce nuclear inclusions 
observable on light microscopy. Examples are 
cytomegalovirus, herpes simplex virus, human 
herpesvirus 6, adenovirus, parvovirus B19, measles, JC 
virus, and BK virus. The identity of the virus can often 
be determined from the clinical setting, site of disease, 
type of infected cell and morphology of the viral 
inclusion-containing cells (such as nuclear enlargement, 
presence of cytoplasmic inclusions, multinucleation), 
and preferably confirmed by immunohistochemistry, 
electron microscopy or molecular studies

 Glycogen Nucleus show enlargement and 
clearing, with lightly eosinophilic 
flocculent to homogeneous material 
in the central portion

Glycogenated nuclei are common in, but not limited to, 
the liver of patients with obesity, diabetes, nonalcoholic 
fatty liver disease, Wilson disease, and amiodarone 
toxicity

 Biotin Nuclear matrix completely replaced 
by lightly eosinophilic, homogeneous, 
ground-glass material

Common in epithelial cells of gestational endometrium: 
can potentially be mistaken for viral inclusions (such as 
herpes endometritis)

 A characteristic finding in several tumor types, mainly 
those with morule formation, for example, cribriform-
morular variant of papillary thyroid carcinoma, 
pancreatoblastoma, pulmonary blastoma, fetal-type 
pulmonary adenocarcinoma

 Immunoglobulin (Dutcher 
body)

Brightly eosinophilic homogeneous 
material within nucleus, often 
solitary, but occasionally multiple, 
predominantly in plasma cells

Dutcher bodies are often prominent in 
lymphoplasmacytic lymphoma, and can be variably 
present in marginal zone lymphoma and plasmacytic 
neoplasms. Readily found Dutcher bodies in a 
plasmacytic or lymphoplasmacytic infiltrate is highly 
suggestive of a monoclonal/neoplastic process, a 
diagnosis easily confirmed by demonstration of 
immunoglobulin light chain restriction

 Surfactant Single or multiple lightly eosinophilic 
homogeneous material within 
nucleus of epithelial cell

A hallmark of pneumocytes when present—seen in 
reactive pneumocytes (rare), sclerosing hemangioma 
(rare) and pulmonary adenocarcinoma. Helpful for 
suggesting the pulmonary origin of an adenocarcinoma

 Nuclear lamins 
(Marinesco bodies)

Lightly eosinophilic inclusions in 
neurons

Incidental finding of no significance

 Polyglutamine Eosinophilic hyaline intranuclear 
inclusions in neurons

Neurodegenerative diseases, such as Huntington chorea, 
Kennedy disease, and spinocerebellar ataxia
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cytoplasm, which should appear deep pink; sometimes a 
fibrillary quality can also be appreciated (Figure 11B). 
Myofibroblasts, which are hybrids of smooth muscle cells 
and fibroblasts, contain both rough endoplasmic reticulum 
(blue staining) and myofilaments (pink staining), and thus 
typically have purple-staining cytoplasm (Figure 11C). 
Therefore, for lesions composed of genuine myofibro-
blasts, such as nodular fasciitis and related lesions, des-
moid fibromatosis, inflammatory myofibroblastic tumor, 
and myofibroblastic sarcoma, the cytoplasm of the prolif-
erated cells should be amphophilic (Figure 12). Some soft 
tissue tumor entities apparently implicate myofibroblastic 
differentiation in their terminology, such as mammary 

Figure 6. In this encapsulated follicular-patterned tumor of the 
thyroid, the presence of readily identified nuclear pseudoinclusions 
(arrows) represents one of several morphologic features 
supporting a diagnosis of papillary carcinoma (follicular variant).

Figure 7. Lymphoplasmacytic lymphoma rich in Dutcher 
bodies (intranuclear eosinophilic inclusions). Presence of readily 
found Dutcher bodies in a lymphoplasmacytic or plasmacytic 
infiltration is a feature highly suggestive of a neoplastic process.

Figure 8. Pulmonary adenocarcinoma with intranuclear 
surfactant inclusions (arrows). The inclusions stain a lighter color 
than the nucleoli.

Figure 9. Gestational endometrium with biotin inclusions in 
some epithelial cells.

Figure 10. Schematic drawing to show correlation of 
ultrastructure with hematoxylin–eosin (H&E) staining for 
fibroblast, smooth muscle cell, and myofibroblast. Fibroblast 
is rich in rough endoplasmic reticulum, and the cytoplasm 
stains blue. Smooth muscle cell is rich in myofilaments, and the 
cytoplasm staining deep pink. Myofibroblast is rich in both rough 
endoplasmic reticulum and myofilaments, and thus stains purple.
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myofibroblastoma, infantile myofibromatosis, and angio-
myofibroblastoma, but the lesional cells have eosinophilic 
cytoplasm. Either these terms are misnomers, or the cells 
represent nonconventional subsets of myofibroblastic 
cells. Smooth muscle tumor cells should have deeply 
eosinophilic cytoplasm, with or without a fibrillary qual-
ity, and the outlines of the individual cells are often dis-
cernible because there are no interdigitating cell processes 
(Figure 13).

Among hematolymphoid neoplasms, lymphomas usu-
ally show amphophilic to basophilic cytoplasm, while his-
tiocytic and dendritic cell tumors typically show 
eosinophilic cytoplasm. Thus the cytoplasmic color of the 
neoplastic cells can provide important clues to their nature, 
directing the appropriate studies to confirm the diagnosis 
(Figure 14).

Figure 11. Hematoxylin–eosin (H&E) staining of fibroblast, smooth muscle, and myofibroblast. (A) Fibroblasts with slender cell 
bodies that stain blue. The nuclei are often dark staining. (B) Smooth muscle cells have deeply eosinophilic cytoplasm with fibrillary 
quality. (C) Myofibroblast found in granulation tissue. The cytoplasm is purple, and the nuclei are typically active looking.

Figure 12. Myofibroblastic lesions, characterized by amphophilic (purple) cytoplasm in the lesional cells. (A) Nodular fasciitis. (B) 
Inflammatory myofibroblastic tumor.

Figure 13. Leiomyosarcoma of soft tissue. Note the eosinophilic 
cytoplasm with fibrillary quality. Cell borders are distinct.
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Plasma cells normally have basophilic to amphophilic 
cytoplasm. The presence eosinophilic cytoplasm in a 
high proportion of cells is suspicious for a neoplastic/
monoclonal process because that indicates similar “con-
stipation” with synthesized immunoglobulin (pink) in 
most cells.

Minimal deviation adenocarcinoma of the uterine cer-
vix usually shows a gastric phenotype, resembling foveo-
lar epithelium of the stomach in that the mucin is of neutral 
type, appearing pink in H&E stain. Thus the color of the 
cytoplasm can provide an important clue to the diagnosis, 
because normal endocervical epithelial cells contain a 
mixture of acidic and neutral mucins, and thus show blue-
staining intracytoplasmic mucin.5

Clue to Diagnosis From Granules and Inclusions 
in Cytoplasm

Eosinophilic Globules. Eosinophilic globules, which can 
result from many different mechanisms, can potentially 
provide important clues to diagnosis. Although their nature 
is known for some, it remains elusive for others.

In a salivary gland lesion showing brilliantly eosino-
philic globules in the cytoplasm of some glandular struc-
tures, sclerosing polycystic adenosis has to be seriously 
considered (Figure 15). This is because such eye-catching 
granules are practically never seen in other salivary gland 
entities, but are virtually always found in sclerosing poly-
cystic adenosis.6

In a plasmacytic or lymphoplasmacytic proliferation in 
which a high proportion of cells contain brightly eosino-
philic globules (immunoglobulin), also known as Russell 

bodies, a monoclonal, and hence neoplastic, process 
should be strongly suspected (Figure 16). Isolated cells 
containing Russell bodies have no significance, but when 
many cells show an identical “aberrant” morphology, that 
suggests their derivation from the same clone.5

Eosinophilic hyaline globules are commonly found in 
some tumor types, such as yolk sac tumor, solid-pseudo-
papillary tumor of pancreas, Kaposi sarcoma, and pheo-
chromocytoma. They are often present in the form of 
multiple globules within a tumor cell. Their presence may 
aid in diagnosis in the appropriate setting, such as diagnosis 

Figure 14. Color of cytoplasm in hematolymphoid neoplasms. (A) Anaplastic large cell lymphoma, with abundant purple 
cytoplasm. (B) Dendritic cell tumor, typically with eosinophilic cytoplasm.

Figure 15. Sclerosing polycystic adenosis of parotid gland. 
Typically there are some small glandular structures with 
abundant brilliantly eosinophilic large globules.
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of early Kaposi sarcoma, which may manifest deceptively 
as a mere mild increase of spindle cells in lymph node cap-
sule, and diagnosis of solid-pseudopapillary tumor of pan-
creas, for which the histologic features are otherwise 
nondescript (Figure 17). The presence of solitary deeply 
eosinophilic globule, often located close to the nucleus of 
the proliferated myofibroblastic cells, is a diagnostic fea-
ture of inclusion body fibromatosis.

Rare types of eosinophilic globules have internal struc-
tures, allowing definitive recognition of their nature. 
Spironolactone bodies, which develop in the normal zona 
glomerulosa cells of the adrenal gland or in aldosterone-
producing adrenal cortical neoplasms following treatment 
with the aldosterone antagonist spironolactone, are eosino-
philic inclusions with a laminated, scroll-like appearance 
(Figure 18).7 The laminated appearance is related to the 
abundance of phospholipids with formation of concentric 
membranes ultrastructurally.

Figure 16. Kuttner tumor of submandibular gland with focal supervening low-grade B-cell lymphoma. (A) In the inflammatory 
background, there are foci with aggregates of abnormal plasma cells (arrows). (B) The plasma cells contain abundant eosinophilic 
globules. (C) The globule-containing plasma cells are immunoreactive for kappa light chain. (B) The globule-containing plasma cells 
are not immunoreactive for lambda light chain. The faint brown staining seen in this figure is nonspecific.

Figure 17. Solid-pseudopapillary tumor of pancreas. The 
morphology is rather nondescript, but hyaline globules are 
commonly present.
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Eosinophilic Granular Cytoplasm. Cells can be rich in eosin-
ophilic granules due to accumulation of organelles or 
secretory products. They include oncocytes (rich in mito-
chondria), “authentic” granular cells (rich in lysosomes), 
neuroendocrine cells (rich in neurosecretory granules), 
and cells rich in secretory granules or products (such as 
apocrine cells, Paneth cells, stromal granulocytes in endo-
metrium, myeloid cells; Figure 19).

Oncocytic cells are polygonal cells with eosinophilic, 
densely granular cytoplasm; the nuclei often show dis-
tinct nucleoli. Oncocytic neoplasms, which comprise 
exclusively oncocytic cells, can occur in diverse sites, 
such as the thyroid (Hurthle cell neoplasm), parathyroid, 

kidney, and salivary gland (Figure 20). Irrespective of the 
site of origin, they almost always show a prominent deli-
cate vasculature. In addition, oncocytic change can occur 
focally or extensively in many tumor types as a morpho-
logic variant, such as follicular adenoma of thyroid, para-
thyroid adenoma, carcinoid tumor, and mucoepidermoid 
carcinoma.

In “authentic” granular cells, larger granules surrounded 
by haloes are typically interspersed among small eosino-
philic granules (Figure 21). Since the granules represent 
lysosomes, they are immunoreactive for histiocytic mark-
ers targeting lysosomal proteins, such as CD68.8 Granular 
cells do not occur normally, but represent the morphologic 

Figure 18. Adrenal gland with hyperplasia of zona 
glomerulosa. The cells in the left lower field contain 
spironolactone bodies, which are eosinophilic structures with a 
laminated architecture.

Figure 19. Schematic drawing to depict the different nature 
of cells with granular cytoplasm.

Figure 20. Oncocytoma of kidney. The cells show densely 
granular cytoplasm characteristic of mitochondria-rich tumor 
cells. Like oncocytomas of other anatomic sites, the nuclei 
show distinct nucleoli and there is a rich vascularity (often with 
a sinusoidal quality).

Figure 21. Granular cell tumor of skin. There are packets of 
large polygonal cells with intracytoplasmic eosinophilic granules. 
Occasional granules are larger and surrounded by haloes.
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manifestation of pathologic changes in diverse cell types. 
The diagnosis of lesions rich in granular cells therefore 
rests on consideration of the clinical, histologic and/or 
immunohistochemical findings. Granular cell tumor (not 
otherwise specified) are tumors with diffuse granular cell 
change throughout and exhibit features of Schwann cell 
differentiation on immunohistochemical (S100+) and ultra-
structural examination (Figure 21). Congenital granular 
cell epulis occurs in the oral cavity of newborns or infants, 
and is morphologically very similar to granular cell tumor, 
except for lack of hyperplasia of overlying epithelium, fre-
quent presence of remnant odontogenic epithelium and 
higher vascularity, and lack of S100 protein immunoreac-
tivity.9,10 Primitive polypoid nonneural granular cell tumor 
occurs in the skin of children or adults. It differs from gran-
ular cell tumor in its circumscription, presence of some 

degree of nuclear pleomorphism and mitotic activity, 
absence of pseudoepitheliomatous hyperplasia, and lack of 
S100 immunoreactivity.11-13 Various specific tumor types 
can also show focal to extensive granular cell change, such 
as ameloblastoma, leiomyoma, leiomyosarcoma, dermato-
fibroma, fibrous histiocytoma, dermatofibrosarcoma protu-
berans, angiosarcoma, and basal cell carcinoma.9,14-21 The 
nongranular areas basically look like their conventional 
counterpart and thus the diagnosis should be based on these 
areas. Granular cell reaction is a reactive process charac-
terized by aggregates of histiocytes with granular cyto-
plasm.22-26 It can be associated with prior trauma, tissue 
injury, or nearby prosthesis. The morphology simulates that 
of granular cell tumor except for smaller nuclei, lack of for-
mation of nests and cords, presence of wear debris in cyto-
plasm, and S100 protein negativity (Figure 22A).

Figure 22. Intracytoplasmic eosinophilic granules. (A) Granular cell reaction. The granular cells are histiocytes and do not show 
a packeting growth pattern as in granular cell tumor. (B) A corresponding slide stained with periodic acid Schiff (PAS)–diastase, 
with variable-sized granules being well highlighted. (C) Neuroendocrine tumor of bile duct. The tumor cells have abundant 
brightly eosinophilic granules, mostly polarized toward the fibrovascular septa, supporting the neuroendocrine nature of the 
tumor. (D) In a corresponding slide immunostained for chromogranin, the distribution of the granules toward the vascular poles 
of the cells is more obvious.
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Neuroendocrine cells normally show finely granular 
cytoplasm, but some endocrine cells may have larger and 
more brightly eosinophilic granules. When eosinophilic 
granules are found to be polarized toward the vascular pole 
of the cell, this is a strong indication that the granules are 
neuroendocrine in nature (Figure 22B). Neuroendocrine 
tumors (such as carcinoid and paraganglioma) retain simi-
lar cytoplasmic granular characteristics.

In the prostate, there can be cells with deeply eosino-
philic granules, reminiscent of Paneth cells. Such Paneth 
cell–like cells are neuroendocrine cells that occur as a 
focal or extensive component of prostatic carcinoma. The 
importance of their recognition is that such areas of the 
tumor should not be included for Gleason scoring, other-
wise over-grading will result.27

Eosinophilic Crystals in Cytoplasm. When intracytoplasmic 
crystals are readily identified in a significant proportion of 
cells in a plasmacytic or lymphoplasmacytic proliferation, a 
monoclonal process has to be strongly suspected (Figure 23). 
The crystals are brightly eosinophilic needle-shaped or 
elongated rhomboid-shaped, and represent crystallized 
immunoglobulin. The consistent “aberrant” appearance of 
the cells suggests their derivation from the same clone. 
Immunoglobulin light chain restriction can usually be read-
ily demonstrated on immunostaining, and hence a diagno-
sis of plasmacytoma or low-grade B-cell lymphoma.5

Massive accumulation of eosinophilic needle-shaped 
crystals in spindly, rounded or angulated histiocytes is 
characteristic of crystal-storing histiocytosis (Figure 24).28 
This condition differs from that discussed in the preceding 
paragraph in that the cells have much more voluminous 
cytoplasm, and are histiocytes (CD68+, CD163+) rather 
than B lymphocytes or plasma cells. It can potentially be 
misdiagnosed as rhabdomyoma. In the great majority of 
cases, the crystals represent crystallized immunoglobulin 

ingested by histiocytes. The diagnosis should prompt care-
ful investigation for presence of clonal hematologic dis-
ease (90% of cases), most commonly plasma cell disorders 
(myeloma, plasmacytoma, monoclonal gammopathy of 
uncertain significance), extranodal marginal zone lym-
phoma, and lymphoplasmacytic lymphoma.28-32 Rare cases 
of crystal-storing histiocytosis are caused by accumulation 
of Charcot–Leyden crystals, which are brightly eosino-
philic, and the clue to diagnosis is the presence of numer-
ous admixed eosinophils.33 Exceptional cases are caused 
by accumulation of clofazimine, a drug used for treating 
leprosy, but the crystals (having been dissolved in alcohol 
during tissue processing) appear clear rather than eosino-
philic in H&E-stained section, and red with red birefrin-
gence in frozen section.34

Thick rod-shaped eosinophilic crystals (Reinke crystal-
loids) are characteristic of the normal Leydig cells of the 
testis, but they are only sometimes found in Leydig cell 
tumors of the testis and ovary.

Basophilic Granules, Globules, or Inclusions: Uncommon Occur-
rence. Basophilic intracytoplasmic granules, globules or 
inclusions, in contrast to eosinophilic ones, are uncom-
mon. They can be of diagnostic value.

Among salivary gland tumors, there is extensive mor-
phologic overlap between acinic cell carcinoma and mam-
mary analogue secretory carcinoma.35,36 Identification of 
basophilic zymogen granules in the tumor cells, albeit 
focally, renders a diagnosis of acinic cell carcinoma defini-
tive, and excludes mammary analogue secretory carci-
noma (Figure 25).37 Nonetheless, failure to identify 
basophilic zymogen granules does not totally rule out 
acinic cell carcinoma.

There are several types of intracellular basophilic, cal-
cium-containing inclusions. Michaelis–Gutmann bodies 
are round, concentrically layered basophilic inclusions 
(representing remnants of phagolysosomes encrusted with 
calcium) which constitute an essential diagnostic criterion 
of malakoplakia (Figure 26).38 Schaumann bodies are baso-
philic inclusions occurring in multinucleated histiocytes of 
granulomas of diverse etiologies, such as sarcoidosis, 
hypersensitivity pneumonitis, and berylliosis.39,40 They are 
lamellated, shell-like (conchoidal) bodies, often irregular in 
shape, with calcium oxalate crystals in the center.

In a cell containing intranuclear viral inclusion, the 
presence of coarse basophilic to amphophilic granules 
(inclusions) in the cytoplasm is diagnostic of cytomegalo-
virus infection versus other types of viruses (Figure 27).

Neural and neuroendocrine tumors usually have eosin-
ophilic granular cytoplasm due to the abundance of neuro-
secretory granules. Pheochromocytoma and related 
sympathetic paragangliomas, on the other hand, often 
have basophilic or amphophilic cytoplasmic granules 
instead (Figure 28).

Figure 23. Lymphoplasmacytic lymphoma with crystalline 
inclusions (immunoglobulin) in the cytoplasm of the 
lymphoma cells.
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A remarkable type of blue-staining inclusion in tumor 
cell is the intracytoplasmic lumen (intracytoplasmic vacu-
ole). It appears as a single or sometimes multiple sharply 
delineated round structure with a blue-staining rim 
(formed by cell membrane) and central pink-staining 
mucinous material surrounded by a halo (Figure 29). Thus 
it is very different from the more commonly encountered 
intracytoplasmic mucin. In fact, it represents a “private 
lumen” in a “single-cell gland.” Staining with Alcian 
blue/periodic acid Schiff (PAS) will reveal a striking 
bull’s-eye (target) appearance, because of presence of 
acidic mucin associated with the membrane of the intra-
cytoplasmic lumen (stained blue by Alcian blue), and neu-
tral mucin in the center (stained deep pink by PAS). 

Intracytoplasmic lumens are a characteristic though not 
pathognomonic feature of lobular carcinoma of breast, to 
the extent that they can be useful in predicting the breast 
origin for adenocarcinoma of unknown primary.41 They 
can sometimes also be seen in ductal carcinoma of the 
breast, adenocarcinoma of stomach and clear cell carci-
noma of the ovary.

Intracellular Yellow or Brown Materials. Intracellular yellow 
or brown materials may include bile, hemosiderin, mela-
nin pigment, lipofuscin, yellow bodies, and fungus (such 
as chromoblastomycosis). Their identification requires 
assessment of the color, texture, and context, and may be 
aided by special studies.

Figure 24. Crystal storing histiocytosis. (A) The histiocytes contain abundant eosinophilic elongated crystals. (B) The histiocytes 
are immunoreactive for the histiocytic marker CD163.

Figure 25. Acinic cell carcinoma. In this tumor, basophilic 
granules are definitely found focally, thus supporting a diagnosis 
of acinic cell carcinoma.

Figure 26. Malakoplakia. The histiocytes have eosinophilic 
granular cytoplasm. Some of them contain basophilic Michaelis–
Gutmann bodies (arrows). In this example, the usual laminated 
architecture of Michaelis–Gutmann bodies is not evident.
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Yellow bodies are peculiar intracytoplasmic inclusion 
bodies occurring consistently in abundance in hyalinizing 
trabecular adenoma of the thyroid. They are round, pale 
yellow and refractile, often with a granular substructure 
(Figure 30). They represent giant lysosomes.42 Although 
yellow bodies may be present in papillary carcinoma and 
follicular neoplasm, they are uncommon and present only 
focally.43

Lipofuscins are yellow-brown to reddish-brown pig-
ments representing the end-stage oxidation products of 
lipids and lipoproteins. Oxidation process occurs slowly 
and progressively, and thus the pigments exhibit a range of 
colors and variable staining reactions. Lipofuscins are a 
common occurrence in many cell types, such as heart 

muscle cells and hepatocytes. In some disease entities, 
they occur in abundance and constitute an essential feature 
for diagnosis, such as brown bowel syndrome and primary 
pigmented nodular adrenal cortical hyperplasia.

Melanin, when present within tumor cells, generally 
indicates a diagnosis of nevus or melanoma, although 
other tumor types can sometimes be pigmented, such as 
dermatofibrosarcoma protuberans, clear cell sarcoma, 
renal cell carcinoma, and psammomatous melanotic 
schwannoma.

Figure 27. Gastric mucosa with cytomegalovirus infection. 
Basophilic granular inclusions are seen in the infected cells 
(arrows). In the upper cell, the nucleus is not seen in this plane 
of sectioning.

Figure 28. Pheochromocytoma. Note the basophilic granules 
in the cytoplasm.

Figure 29. Intracytoplasmic lumens in lobular carcinoma 
of breast. (A) In the cytoplasm of the tumor cells, there are 
discrete vacuoles with a blue rim and pink material in the 
center, resulting in a targetoid appearance. Sometimes the 
centrally located pink-staining mucin is overshadowed by blue-
staining mucin in the lumen. (B) Another example in which the 
intracytoplasmic lumen shows prominent eosinophilic mucin in 
the center, while the basophilic rim is less striking.

Figure 30. Hyalinizing trabecular adenoma of thyroid. Yellow 
bodies are indicated by arrows.
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Colors of Extracellular Substances
Extracellular Eosinophilic Deposits

Many different substances can be deposited in the extra-
cellular compartment in the form of pink-staining mate-
rial, such as collagen (sclerosis), osteoid, amianthoid 
fibers, skeinoid fibers, Rosenthal fibers, amyloid, immu-
noglobulin, basement membrane–like material, fibrin, 
tubular myelin figures (lamellar bodies in lung),44 and 
crystals (such as Charcot–Leyden crystals and crystalloids 
in lumens of neoplastic acini of prostatic carcinoma).

Amyloid is recognized by extracellular eosinophilic 
materials, typically with a blotchy quality, deposited in 
irregular patches in the tissue, with predilection for vessel 
walls. There can be foreign body giant cell reaction, which 
if present, is more in favor of amyloid over sclerosis. With 

Congo red stain, amyloid is stained an orange-pink color 
and exhibits green birefringence. Monoclonal immuno-
globulin deposition disease is an uncommon complication 
of plasma cell neoplasm and even less commonly, lym-
phoma, characterized by nonamyloidotic deposits of 
immunoglobulins (Figure 31). The immunoglobulins most 
commonly consist of light chains (also known as light 
chain deposition disease) but can also consist of heavy 
chains or even both light and heavy chains.45-50 Monoclonal 
immunoglobulin deposition disease and amyloidosis share 
many similarities, because both represent immunoglobulin 
deposits in tissue—just that the proteins are aggregated in 
different ways. The sites of predilection are also similar. 
The extracellular deposits usually show a homogeneous 
eosinophilic color, and comparison with amyloid is shown 
in Table 3.

Figure 31. Monoclonal immunoglobulin deposition disease involving soft tissue. (A) The extracellular eosinophilic deposits appear 
amorphous. (B) The deposits are positive for periodic acid Schiff (PAS).

Table 3. Comparison of Monoclonal Immunoglobulin Deposition Disease With Amyloidosis.

Monoclonal Immunoglobulin Deposition 
Disease Amyloidosis

Histology (H&E stain) Extracellular amorphous eosinophilic 
deposits, usually with a homogeneous color

Extracellular amorphous eosinophilic deposits, 
typically with a blotchy appearance

Special stains Congo Red − Congo Red +
 PAS + PAS −
Immunostaining for 

amyloid P protein
Negative Positive

Light chain type Most commonly kappa Most commonly lambda
Electron microscopy Nonfibrillary, often granular and electron-

dense
Nonbranching fibrils

Abbreviations: H&E, hematoxylin–eosin; PAS, periodic acid Schiff.
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Abundant basement membrane-like materials can be 
seen in lesions with a prominent myoepithelial or basal 
cell component, such as pleomorphic adenoma, epithelial–
myoepithelial carcinoma, and cylindroma. The materials 
can be so abundant that they can “strangulate” and “drown” 
the tumor cells (Figure 32A). Basement membrane-like 
materials appear as thick bands and patches with a deep 
pink color and amorphous quality and are stained by PAS. 
They may constitute an essential criterion for diagnosis of 
some entities, such as collagenous spherulosis of the breast 
and membranous basal cell adenoma of salivary gland 
(Figure 32B).

Skeinoid fibers are extracellular, brightly eosinophilic, 
elongated to globular structures with a hyaline quality, 
formed by collagen. They are of diagnostic value in that 
they are highly characteristic of gastrointestinal stromal 
tumors, found almost exclusively in those involving the 
small bowel or mesentery but not those of other anatomic 
sites (Figure 33).51

Basophilic or Amphophilic Extracellular 
Deposits

In some disease entities, there is deposition of basophilic 
or amphophilic materials in the tissue, such as nuclear 
materials in small cell carcinoma, hematoxylin bodies in 
systemic lupus erythematosus, mucinous materials, calci-
fication/ossification, and psammoma bodies. They have 
different mechanisms of formation, resulting in different 
morphologies (Figure 34).

In small cell carcinomas and some high-grade malignant 
neoplasms, tumor necrosis is common, resulting in release 
of nuclear materials (basophilic) that encrust in patches on 
the walls of blood vessels (Figures 34A and 35). This phe-
nomenon is known as Azzopardi effect or phenomenon.52

In patients with systemic lupus erythematosus, hema-
toxylin bodies may be found in lymph nodes and some-
times other sites, such as kidney and skin.53-57 In lymph 
nodes, hematoxylin bodies are found predominantly in 
sinusoids but also in the nodal parenchyma or around 
blood vessels. Hematoxylin bodies are pathognomonic 

Figure 32. Salivary gland tumors with abundant eosinophilic basement membrane materials. (A) Adenoid cystic carcinoma, with 
the neoplastic tubules and cribriform structures being “strangulated” by the basement membrane materials. (B) Membranous type 
of basal cell adenoma, with thick sheaths of basement membrane materials around individual tumor islands. Droplets of the same 
material are also interspersed throughout the tumor islands.

Figure 33. Gastrointestinal stromal tumor of the small intestine. 
Skeinoid fibers are present among the spindly tumor cells.
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of systemic lupus erythematosus when present. They are 
amorphous deposits taking the form of variable-sized 
patches with characteristic violet color, which differ 
from the basophilic deposits of Azzopardi phenomenon 
(Figure 36). This is because the deposits are formed by a 
combination of denatured nuclear material (basophilic) 
and antibodies against nuclear materials (eosinophilic; 
Figure 34B).55,58

Acidic mucin gives a light blue color on H&E staining. 
An exception is Mayer’s hematoxylin, which fails to stain 

acidic mucin. Many different types of soft tissue tumors 
are characterized by the presence of abundant stromal 
acidic mucin as a key diagnostic criterion, such as intra-
muscular myxoma, myxoid liposarcoma, extraskeletal 
myxoid chondrosarcoma and myxofibrosarcoma. Among 
carcinomas, the presence of pools of extracellular mucin 
(epithelium-derived, often lightly basophilic) in which 
aggregates of carcinoma cells are suspended is the defin-
ing feature for mucinous/colloid carcinoma. The presence 
of blue-tinged (acidic) mucin in the lumens of prostatic 

Figure 34. Schematic drawing to show the pathogenesis of extracellular basophilic materials. (A) Azzopardi phenomenon. (B) 
Hematoxylin body.

Figure 35. Small cell carcinoma of lung with necrosis and 
deposition of basophilic nuclear materials on blood vessel walls 
(Azzopardi phenomenon).

Figure 36. Lupus lymphadenitis, with violaceous hematoxylin 
bodies.
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glands is also a clue that would raise a suspicion of carci-
noma, because prostatic cells normally contain only neu-
tral mucin (pink).59

Psammoma bodies, which are round, laminated, calci-
fied structures, are particularly helpful in diagnosis of cer-
tain tumor types because of their frequent presence, such 
as papillary thyroid carcinoma, hyalinizing trabecular 
adenoma of thyroid, serous adenocarcinoma of the female 
genital tract, meningioma, and psammomatous melanotic 
schwannoma.

Exogenous basophilic materials can sometimes be 
found in tissues. Polyacrylamide gel, which has been 
used for breast augmentation but banned in many coun-
tries, appears as variable-sized, irregular-shaped baso-
philic to amphophilic material with sharp outlines.60,61 
The material stains homogeneously deep blue or purple, 
with many interspersed tiny vacuoles, and is nonrefrac-
tile and nonbirefringent (Figure 37A). The deeply 

basophilic and perfectly round microspherules, often 
surrounded by a narrow retraction space, of selective 
internal radiation therapy are easily recognized as long 
as one is aware of their existence (Figure 37B).62 
Kayexalate (sodium polystyrene sulfonate, also known 
as resonium), a sodium-containing cation-exchange 
resin used for treatment of hyperkalemia but which may 
cause gastrointestinal injury, has a highly characteristic 
appearance: basophilic plates with a mosaic pattern, 
resembling fish scales (Figure 37C).63

Extracellular Deposits of Other Colors

Hemosiderin and hematoidin deposits, being brown and 
bright yellow, respectively, represent breakdown products 
of hemoglobin from red blood cells. They are of no diag-
nostic significance except to indicate that there has been 
previous hemorrhage.

Figure 37. Basophilic foreign materials. (A) Polyacrylamide gel in the breast. This example is accompanied by numerous 
neutrophils due to superimposed infection. (B) Microspherules of selective internal radiation therapy, in gastric mucosa. (C) 
Kayexalate in gastric mucosa.
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Iron medication impregnated in the gastric mucosa can 
be recognized by the refractile, crystalline, golden-brown 
material deposited in exudate, mucosal surface, and lam-
ina propria, and sometimes in epithelial cells and histio-
cytes (Figure 38). The importance of its recognition lies in 
identification of iron medication as a possible etiology of 
the mucosal injury.

Gamna–Gandy bodies, which represent fibrosiderotic 
nodules, most commonly occur in the spleen in condi-
tions such as portal hypertension, sickle cell anemia and 
hemochromatosis.64 They can also occur in other sites, 
such as cardiac myxoma or the brain.65,66 Gamna–Gandy 
bodies are formed as the end result of hemorrhage, being 
scars in which collagen and elastic fibers are encrusted 
with iron and calcium. The encrusted fibers have a green-
ish, glassy, refractile appearance, and may be segmented 
or branched, mimicking fungal mycelium.64 Variable 
blue staining is present, depending on the amount of cal-
cium deposited.

Conclusions

This review uses examples to illustrate how the simple 
H&E-stained slide can yield enormous amounts of 
information about the cells and their functions or aber-
rations. A prerequisite, of course, is that the histologic 
section has to be cut well and the H&E stain has to be 
performed well (with a good balance of colors and con-
trast), otherwise a lot of diagnostic clues may be lost. 
For example, if there is inadequate differentiation of the 
hematoxylin staining, the cytoplasm of the cells and the 
intercellular stroma may show a strong bluish hue, 
which will misleadingly make pink-staining structures 
appear purple-staining.
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