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Summary. Eosinophils are rare granulocytes that are
normally associated with allergic diseases or responses
to various parasitic infections. Many types of human
cancer, however, are also associated with extensive
eosinophilia, either within the tumor itself, or in the
peripheral blood, or in both locations. Special techniques
such as autofluorescence or immunohistochemistry are
sometimes needed to detect the presence of intact and
degranulating eosinophils within the tumors. With the
help of these techniques, extensive eosinophilia is most
often seen in hematologic tumors such as Hodgkin’s
disease and certain lymphomas; however, many other
types of cancer such as colon, cervix, lung, breast, and
ovary also contain eosinophilia if diligently sought.
Although the presence or absence of eosinophilia within
these tumors does not appear to have a major influence
on the prognosis of the patient, eosinophils may play an
important role in the host interaction with the tumor,
perhaps by promoting angiogenesis and connective
tissue formation adjacent to the cancer. In addition,
tumor-related eosinophilia provides some interesting
clues into tumor biology, particularly with regard to
production of cytokines by the tumor cells.
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Introduction

Eosinophils are a rare type of granulocyte,
comprising fewer than 1 in 300,000 blood cells in
normal individuals. They are distinguished by their
tinctorial properties (bright red staining with acid aniline
dyes) and abundant cytoplasmic granules that contain
potent compounds which are highly toxic in vitro to
helminthic and protozoan parasites, bacteria, tumor cells,
and host cells (Butterworth et al., 1979; Jong and
Klebanoff, 1980; Jong et al., 1980, 1981; Noguiera et al.,
1982; Gleich and Adolphson, 1986; Hamada and
Greene, 1987; Weller, 1991; Makino and Fukuda, 1993).
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Despite their rarity, eosinophils are involved in the
pathogenesis of many important diseases, including
allergies (hay fever, asthma), allograft rejections,
parasitic infections, celiac disease, sclerosing
cholangitis, Loeffler’s syndrome, and retroperitoneal
fibrosis (Spry, 1988). This review will focus on the many
types of human cancers (Table 1) that are also associated
with extensive eosinophilia, either in the tumor itself or
in the peripheral blood.

Methods for detecting eosinophils in tumors

Intact eosinophils can usually be readily detected in
tissue sections of tumors that are stained with
hematoxylin and eosin or phloxine B (Fig. 1). It should
be noted, however, that tissue eosinophils often assume
an ameboid or “medusa” cell configuration, especially in
fibrous tissue, thereby making their recognition in
routinely stained sections very difficult (Hanker et al.,
1980, 1981; Samoszuk et al., 1996a,b).

Giemsa staining usually makes the intensely red
granules of eosinophils considerably easier to see within
tumor tissue (Fig. 2). Another powerful tool for
visualizing eosinophils in tumors exploits the natural
autofluorescence of eosinophil granules (Samoszuk and
Espinoza, 1987; Samoszuk and Ramzi, 1993). This
technique is especially useful in decalcified bone
marrow biopsies where there is likely to be extensive
eosinophilic background material that makes it difficult
to recognize eosinophils by conventional staining
techniques. Using green light epifluorescence
microscopy of deparaffinized bone marrow sections, we
have previously demonstrated that there is occult
eosinophil degranulation in a significant proportion of
myeloperoliferative disorders (Samoszuk and Espinoza,
1987).

Finally, immunohistochemistry with monoclonal
antibodies can be used on cryostat sections to detect
eosinophil granule substances such as eosinophil
peroxidase deposited within Hodgkin’s disease, breast
cancer (Fig. 3), and ovarian cancer (Samoszuk et al.,
1986, 1987, 1996a,b). This technique has the advantage
that it can recognize intact eosinophils as well as the
“footprints” of eosinophils that have previously
undergone degranulation in blood vessels adjacent to the



808

Eosinophils and cancer

tumor (Fig. 4). Because eosinophils contain abundant
endogenous peroxidase, however, it is important to use
an enzymatic label such as glucose oxidase for the
immunohistochemical detection step instead of
horseradish peroxidase.

Eosinophils in hematologic tumors
Hodgkin’s disease of the nodular sclerosis or mixed

cellularity subtypes is associated with eosinophilia in
more than 80% of cases (Samoszuk et al., 1986, 1987;

Samoszuk and Ramzi, 1993). In addition, non-Hodgkin’s
lymphomas of T-cell origin are frequently accompanied
by eosinophilia within the tumor and in the peripheral
blood, perhaps due to the production of interleukin-5 (a
potent stimulator of eosinophils) by the cells within the
tumor (Samoszuk et al., 1993b). The presence of
abundant EPO within these tumors has been
succcessfully exploited as a target for radioimuno-
detection of the tumors in vivo, by using an indium-111-
labeled monoclonal antibody directed against EPO
(Samoszuk et al., 1993a).

Fig. 1. Endometrial carcinoma with extensive eosinophilia in the fibrovascular tissue between tumor cells. The intact eosinophils (some of which are
denoted by arrows) are readily visualized by their bright red cytoplasmic staining and characteristic bilobed nuclei. Hematoxylin and eosin stain. x 250

Fig. 2. Hodgkin’s disease stained by Giemsa technique. Intact and degranulating eosinophils are especially easy to recognize, and free eosinophil

granules are readily evident among the tumor cells. Giemsa stain. x 400

Fig. 3. Breast cancer section immunostained for eosinophil peroxidase (EPO) with EOS monoclonal antibody. The EPO (intensely blue staining) is
concentrated primarily at the edge of the tumor, near the interface with fatty connective tissue. Vectastain ABC-Glucose Oxidase Kit (Vector
Laboratories, Burlingame, CA) with nitroblue tetrazolium substrate and nuclear fast red counterstain. x 250

Fig. 4. EPO (blue stain) deposited on the lumen of a blood vessel adjacent to Hodgkin's disease. Immunohistochemistry with a monoclonal antibody
(EOS) specific for human EPO can detect evidence of occult eosinophil degranulation even in the absence of intact eosinophils. Same conditions as in

Fig. 3. x 250
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Non-Hodgkin’s lymphomas of B-cell lineage
occasionally also have eosinophilia, but this occurs far
less frequently than in T-cell lymphomas (Ramon et al.,
1994). A case of diffuse large B-cell lymphoma with
peripheral blood eosinophilia has been described, but the
cause of the eosinophilia could not be determined
(Watanabe et al., 1989). AIDS-related lymphomas of
small non-cleaved cell type with extensive eosinophilia
have also been described, and these tumors have been
shown to contain Epstein-Barr virus DNA as well as
mRNA coding for interleukin-5 (Samoszuk et al., 1992).
Plasma cell myeloma is only rarely associated
with eosinophilia. A case report has described the
presence of interleukin-3 but not interleukin-5 in the
pre-treatment serum of one such patient (Glantz et al.,
1995).

Certain types of acute and chronic leukemia are also
accompanied by substantial eosinophilia. The most
important of these types to recognize clinically is acute
myelomonocytic leukemia with abnormal eosinophils
(M4Eo by the French-American-British Cooperative
Group) in which chromosomal inv(16) or t(16;16)
portends a favorable prognosis (Larson et al., 1986).
Adult T-cell leukemia/lymphoma is also associated with
eosinophilia in up to 21% of cases, and the peripheral
blood eosinophil counts in these patients closely parallel
the course of the disease and the degree of lymphadeno-
pathy (Vukelja et al., 1988; Murata et al., 1992).
Hybrid eosinophilic-basophilic granulocytes have been
identified in chronic granulocytic leukemia by using
immunocytochemical staining for eosinophil-specific,
cyanide-resistant peroxidase (Weil and Hrisinko,
1987).

Table 1. List of human tumors that have been associated with
eosinophilia

Hematologic Tumors
Acute myelogenous leukemia
Chronic myelogenous leukemia
Acute lymphoblastic leukemia, especially of T-cell types
Acute myelomonocytic leukemia
Hodgkin's disease
B-cell lymphomas
T-cell lymphomas
Plasma cell myeloma
AlIDS-related B-cell ymphomas
Mycosis fungoides
Nodal angiolymphoid hyperplasia

Non-Hematologic Tumors
Colon
Stomach
Pancreas
Uterine cervix
Lung
Breast
Ovary
Endometrium
Head and neck squamous cell carcinomas
Thyroid
Various tumors after treatment with interleukin-2

Eosinophils in carcinomas

In human colonic carcinomas, a relationship has been
reported between the concentration and microanatomic
location of eosinophils, the metastases of the tumors, and
the survival of patients (Pretlow et al., 1984; McGinnis
et al., 1989). Minute early gastric cancer has also been
shown to contain significant eosinophilic infiltration in
up to 40% of cases (Caruso et al., 1993). Although the
degree of eosinophilia in the gastric tumors was not
correlated to size, histologic type, or necrosis, some
tumor cells in intimate contact with degranulating
eosinophils were noted to show focal cytopathic
changes.

In an interesting case report, Dvorak et al. (1990)
described a patient with a solid papillary epithelial
cancer of the pancreas in which the tumor cells
contained Charcot-Leyden crystal protein (lysophospho-
lipase), a material that has traditionally been associated
with eosinophil-rich disorders. The tumor stroma of this
patient was then found to contain numerous damaged
and partially or completely degranulated eosinophils.
Another case report has described a patient with a large
cell carcinoma of the lung who developed eosinophilia
that was attributed to production of a tumor-derived
eosinophilopoietic factor with a molecular mass of 45
kD (Slungaard et al., 1983).

Our laboratory has recently been studying the
involvement of eosinophils in various gynecologic
cancers. In one report, we showed that up to 88% of the
human breast cancers that we studied had immuno-
histochemical evidence of histologically occult
eosinophil degranulation around or wihin the tumors
(Samoszuk et al., 1996b). A subsequent study of ovarian
and endometrial cancers showed that 12 out of 15 case
of ovarian cancer and 16 out of 16 endometrial cancers
contained abundant EPO deposits on the vascular
endothelial cells and connective tissue stroma within and
around the tumors (Samoszuk et al., 1996a). These
findings imply that eosinophil degranulation is a
significant and previously unappreciated component of
the interaction between these cancers and the host.
Moreover, the abundant and highly specific nature of the
EPO deposits near and within the microvessels of these
cancers suggests that eosinophil degranulation is a new
marker for tumor blood vessels that potentially could be
exploited for therapeutic purposes.

Eosinophilia within various cancers of the head and
neck has prompted numerous studies, beginning with a
case report of blood hypereosinophilia in association
with an anaplastic, giant cell carcinoma of the thyroid
(Van Crombrugge et al., 1983). A study of biopsy
specimens from 422 consecutive primary naso-
pharyngeal carcinomas revealed tumor-associated tissue
eosinophilia in 26% of the tumors and in 38% of the
metastatic tumors within lymph nodes (Looi, 1987). A
subsequent study confirmed the incidence of eosino-
philia in 32% of patients with nasopharyngeal cancer but
failed to show any significant association between the
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eosinophilia and local recurrence, distant metastases, or
survival (Leighton et al., 1996). In advanced laryngeal
squamous cell carcinoma, eosinophilia has been found in
22% of cases, but once again there was no detectable
relationship between the tumor-associated eosinophilia
and the overall or disease-free survival rates of the
patients (Sassler et al., 1995).

At this time, it appears that most other histologic
types of cancer only rarely have significant degrees of
tumor infiltation by eosinophils. A notable exception,
however, is in miscellaneous solid tumors in patients
who have been treated with interleukin-2. There have
been consistent reports that therapeutic interleukin-2
administration results in hypereosinophilia and tumor
infiltration by eosinophils in patients with renal cell
carcinoma, adenocarcinomas, bladder cancer, and
melanomas (Cohen et al., 1987; Arinaga et al., 1992;
Huland and Huland, 1992; Rivoltini et al., 1993; Bovo et
al., 1995). The mechanism for this finding remains
unclear but may be related to the induction of
interleukin-5 production by the IL-2-activated cells.

Prognostic significance of eosinophils in cancer

As alluded to in the previous section of this review,
the presence or absence of eosinophils within tumors
generally does not appear to have a major or consistent
influence on the prognosis of the patient. This
conclusion was first reached by Pastrnak and Jansa
(1983) after studying eosinophilia in oral, gastric, breast,
and cervical carcinomas. In a subsequent confirmatory
study, Ayhan et al. (1992) showed that eosinophilic
reaction to stage I cancer of the uterine cervix was not a
significant predictor of pelvic lymph node metastases or
S-year survival. Studies in mice bearing interleukin-5
gene-transfected tumors have also demonstrated that the
presence of significant eosinophilia within tumors did
not, by itself, induce a protective host immune response
against the tumor (Kruger-Krasagakes et al., 1993).

There are, however, some studies that suggest that
tumor associated tissue eosinophilia may indeed have a
modest beneficial effect on the survival of some cancer
patients. For example, Bethwaite et al. (1993) showed
that tissue associated eosinophilia in 81 women with
stage IB cervical carcinoma was associated with
statistically improved survival. Dalal et al. (1992)
demonstrated that local and systemic eosinophilia in 49
patients with carcinoma of the uterine cervix predicted a
favorable response to radiation treatment, and Goldsmith
et al. (1992) showed that eosinophilia was a favorable
prognostic indicator in a study of 120 patients with head
and neck cancers.

Biologic significance of eosinophils in cancer

The presence of eosinophils within a wide variety of
human cancers immediately raises two questions: Why
are they present and what are they doing to the tumor?
With regard to the first question, a number of factors

have been shown to be potent eosinophil chemo-
attractants in vitro and in vivo, including platelet
activating factor, C5a, RANTES, MCP-2, interleukin-5,
eotaxin, and IgE. Of these factors, only IgE and
interleukin-5 have to date been detected in lymphomas
that are infiltrated by eosinophils (Samoszuk and
Nansen, 1990; Samoszuk, 1992; Samoszuk et al.,
1993b). Unidentified eosinophil colony-stimulating
factors, however, have been detected in the blood and
tumors of patients with medullary carcinoma of the
thyroid (Balducci et al., 1989), melanoma, and adeno-
carcinoma of the biliary tree (Stefanini et al., 1991). It
remains unclear if the tumor cells themselves or the host
inflammatory cells are responsible for the production of
these eosinophilotactic compounds.

There is also clinical and laboratory evidence that a
type 2 helper T-cell response and interleukin-4 may
account for hypereosinophilia in some conditions,
including tumors (Cogan et al., 1994; Pericle et al.,
1994). This raises the intriguing possibility that the host
immune response to the tumor results in the recruitment
of eosinophils to the site. Very little work has been done
in this area, and it is clear that further investigation is
needed.

The functional role of eosinophils in human cancers
remains even more obscure than the nature of the
eosinophilotactic compounds. There was a provocative
earlier report that eosinophils are responsible for an anti-
tumor effect in mice bearing tumors that were
transfected to produce interleukin-4 (Tepper et al.,
1992). As previously discussed in this review, however,
the anti-tumor effect of eosinophils in humans is modest
at best, particularly in view of the many examples of
aggressive cancers that continue to proliferate and spread
even though they are infiltrated by significant numbers
of eosinophils. Thus, it appears somewhat unlikely that
eosinophils play a significant role in the host defense
against cancer.

A more likely possibility at this time is that eosino-
phils are part of the host connective tissue response to
the tissue damage created by the growing tumor. The
involvement of eosinophils in connective tissue
remodeling and collagen formation was first proposed by
Bassett in 1962 and then further detailed by the same
investigator in subsequent papers (Bassett et al., 1977;
Bassett, 1983). Since then, our laboratory has repeatedly
noted the remarkable association between eosinophils,
granulation tissue, and collagen fibrosis in human
tumors (Samoszuk et al., 1987, 1996a,b).

Laboratory studies seem to provide a possible
explanation for this association. In 1987, Pincus et al.
demonstrated that eosinophils stimulate DNA synthesis
in fibroblasts. Wong et al. (1991) then showed that
eosinophils express transforming growth factor p1,
which is a multifunctional cytokine known to exert
potent effects on the extracellular matrix, including
collagen fibrosis. In a later paper, Ghiabi et al. (1992)
showed that eosinophils infiltrating oral cancers in
hamsters expressed transforming growth factor-a, a
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multifunctional cytokine that can promote angiogenesis.
In aggregate, these findings strongly suggest that eosino-
phils may be involved in the remodeling of the host
connective tissue and blood vessels in response to the
growing tumor. If this hypothesis is correct, then
eosinophils and their granule compounds could some
day become a target for therapies designed to restrict the
growth of new blood vessels and connective tissue
framework in some human cancers.
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