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To the Editor

Chronic rhinosinusitis (CRS) is a common chronic disease with significant burden and
impact on quality of life of affected individuals, characterized by inflammation of the nasal
mucosa and paranasal sinuses. Patients can be subdivided into CRS with nasal polyps
(CRSwWNP) and CRS without nasal polyps (CRSsNP). Additionally, Aspirin Exacerbated
Respiratory Disease (AERD) is a subgroup of CRSwWNP characterized by the triad of
CRSwNP, asthma, and hypersensitivity to aspirin or non-steroidal anti-inflammatory drugs
(NSAIDs). Eosinophilia is evident in the nasal mucosa and submucosa of nasal polyps (NP)
from patients in Europe and the US, but less so in Asian countries such as China or Japan
(1). In this study we attempted, for the first time, to evaluate the role of another important
inflammatory leukocyte, the basophil, in CRS. Basophils are granulocytes found mainly in
the circulation and are known to have a role in allergic diseases, parasite expulsion and
immunity against ectoparasites (2). Basophil numbers are elevated in the bronchial mucosa
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and submucosa of asthmatics, the nasal submucosa in allergic rhinitis, and in the skin of
those with multiple inflammatory dermatologic conditions, including eczema and urticaria
(2-5).

Although CRSWNP is a highly Th2-biased disease, making basophil involvement likely,
there are no reports of basophils in CRS. In the current study we used 2D7, a mouse
monoclonal antibody (mAB) against a basophil-specific intermediate form of major basic
protein (6), to detect basophils in uncinate or polyp tissues obtained during surgery from
CRS patients and control subjects as described previously (7). This antibody is shown to be
a specific marker for basophils and does not recognized any other cell type (6). We
employed the immunohistochemistry (IHC) protocol detailed in previous studies using 2D7
(3, 5). Mucosa and submucosa in the tissue biopsies were delineated, and the total number of
positively stained cells in each field was counted in 50 random high power fields (hpf) with
100X magnification. Results are reported as the number of positive cells per square
millimeter.

A tissue section was stained with Hematoxylin and Eosin (H&E). Eosinophils were
identified based on their cellular features and distinct cytoplasmic eosinophilic granules. For
all polyps samples, a serial section was stained with a tryptase mAB, a specific marker for
mast cells as described previously (7). Cells were counted and data expressed as described
above for basophils.

Data are presented as mean + standard error of the mean (SEM). Comparisons between
groups were assessed by ANOVA and Newman-Keuls multiple comparison tests.
Correlations were measured using a Spearman Rank correlation test. All statistical analyses
were performed using GraphPad Prism 5.0. A p value of less than 0.05 was considered
statistically significant.

A total of 73 sections were labeled with 2D7, including those from 27 polyp patients (10
with AERD and 17 without AERD), and uncinate tissue (UT) from 16 CRSwWNP patients, 15
CRSsNP patients and 15 control cases with no evidence of CRS. Cells were identified as
basophils based on a brown cytoplasmic granular staining pattern (Figure 1A). Negative
control slides were labeled with an isotype-matched non-immune antibody and showed no
staining.

As detailed in Table 1, there were no 2D7 basophils detected within the uncinate mucosa
and submucosa of control subjects. A small number of these cells was detected in UT of
CRSsNP patients and a greater number was detected in UT from CRSwNP patients, though
the quantities detected were not significantly greater than in control UT.

The 2D7-positive cells per square millimeter of tissue were significantly higher in NP tissue
of patients with CRSwWNP compared to UT of control subjects or patients with CRSsNP and
CRSwNP (Figure 1B). This count was also significantly higher when compared to the
corresponding UT of the same CRSwWNP patients; paired sets of polyp and UT tissues
having been evaluated from 12 CRSwNP patients. Interestingly, the numbers of basophils
detected in NP from AERD subjects were not higher than in normal or CRS UT, and were
significantly lower than in NP from patients without AERD.
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Eosinophil counts in UT of control patients with no evidence of sinusitis were significantly
lower when compared to UT of patients with CRSWNP (Table 1). Polyp tissue had
significantly higher numbers of eosinophils compared to UT of all groups, including
controls, CRSsNP and CRSwWNP. Polyps from subjects with AERD had significantly higher
eosinophil counts compared to UT of all groups, with a trend toward higher levels than in
non AERD polyps.

Basophil and eosinophil counts in all tissues (excluding AERD polyps) significantly
correlated with one another (P<0.001, Spearman r=0.67), Figure 1D. But the Basophil and
mast cell counts did not correlate.

Basophils and eosinophils utilize similar pathways for recruitment, and might be expected to
be recruited to an inflammatory site in parallel (8). We therefore calculated the ratio of
eosinophils to basophils by dividing the total number of eosinophils per hpf by the number
of basophils per hpf in a fixed area in serially cut slides. The eosinophil to basophil ratio in
normal UT had a mean value of 3.0; this value was 13.1 in CRSsSNP UT and 49.0 in
CRSwNP UT. Furthermore the magnitude of the ratio of eosinophils to basophils was
highest in NP, with a mean of 89.2 in non-AERD polyps and 287.3 in AERD polyps. Values
of this ratio were significantly higher in polyps when compared to UT of CRSwWNP,
CRSsNP, and control cases.

The blood basophil counts within 6 months of the time of surgery were available for 40
cases; 13 with analysis of polyp tissue and 27 with analysis of UT. There was no correlation
between the blood basophil count and the number of basophils in either polyp or UT tissues.
This appears to exclude systemic basophilia as a likely cause of the observed increase of
basophils in the polyp tissue. We also correlated the basophil numbers in polyps with total
serum IgE (available in 13 cases), presence of anosmia or hyposmia as a marker for disease
severity and positive skin test. None of these comparisons were significant (both including
and excluding AERD polyps). Potentially other patient-related factors, such as treatment,
might have influenced the number of basophils. We compared the number of basophils in
UT and polyp of patients who were on oral steroids at the time of surgery compared to those
who were not (both including and excluding AERD cases); the results were not statistically
significant.

In this letter we report that there is a trend for increased numbers of basophils in UT from
patients with CRS and that nasal polyp tissue in non AERD patients contains clearly
elevated numbers of basophils compared with UT from both patients and controls; polyps
from patients with AERD had a trend toward elevated basophils, but significantly fewer
basophils than non AERD polyps. As expected based upon reports in the literature (9),
eosinophils were also elevated in UT from CRS patients, and were especially prominent in
nasal polyp tissue from subjects both with and without AERD. The lower number of
detected basophils in AERD polyps raises the question as to whether these cells were never
recruited to these polyp samples or could not be detected by 2D7. Basophils recruited to
AERD nasal polyp tissue may be activated rapidly in vivo, may degranulate more quickly
and more completely after homing to the polyp and thus lose their granule proteins,
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including the protein detected by 2D7, as described previously in skin biopsies obtained
during the late phase response to allergen challenge (10).

The number of tissue basophils correlated with the number of tissue eosinophils, suggesting
that these cells are associated in the inflammation found in CRS. Despite this significant
correlation, there was a relative enrichment of eosinophils compared to basophils in polyp
tissue, as the eosinophil/basophil ratio was close to 100 in polyps, a value significantly
higher than UT from CRS patients. This ratio in nasal polyp tissue is also markedly higher
than ratios calculated from counts reported in the literature using other respiratory tissues;
the ratio was about 10 in the bronchial mucosa in asthma in one study (11) and about 20 in
nasal submucosa in allergic rhinitis at the peak of season in another (5). This significant
enrichment of eosinophils in nasal polyps compared to basophils might reflect selective
recruitment of eosinophils to the polyp or sustained survival of eosinophils compared to
basophils in polyp tissue and when compared to other respiratory tissues undergoing an
allergic response. It is also possible that our measurements of basophils are underestimates
due to degranulation as mentioned above or for another reason. For example, it is possible
that recruited basophils might exit the polyp into the nasal cavity preferentially compared to
eosinophils. There are multiple studies demonstrating basophils in respiratory secretions in
asthma during asthmatic attacks or after allergen challenge and allergic rhinitis in the peak
of allergy season (5, 12). In one study, basophil numbers in the sputum increased by almost
200-fold from baseline values during the allergy season compared to eosinophils that
increased by approximately 30-fold (4). This could be indicative of a higher tendency of
basophils to migrate into the airway lumen.

The presence of basophils in nasal polyp tissue raises the questions about their modes of
activation and potential role in perpetuating or enhancing nasal polyp inflammation. The
level of IL-3 mRNA, a major cytokine for development and survival of basophils is
reportedly not elevated in CRS nasal and polyp tissue (13), a conclusion confirmed in a
microarray analysis done by our group (14). However, as supported by the presence of
basophils in IL-3-deficient mice (15), these cells can be expanded by other cytokines, such
as thymic stromal lymphopoietin (16) and 1L-33 (17), the former of which is significantly
expressed in nasal polyp epithelial cells extracted from CRS patients (18). Basophils can be
activated by cross-linking of allergen-specific IgE as well as via bacterial peptidoglycans
through TLR-2 (2), or by formyl-methionyl-leucyl-phenylalanine (19) or serine proteases
through other receptors (2). Thus, bacterial infection or colonization of the sinus mucosa,
commonly observed in CRS, can theoretically activate the basophils we have detected in NP
tissue.

Once recruited and activated, basophils can potentially exert inflammatory effects through
several mediators. Basophils are a remarkable source of vasoactive histamine and
leukotrienes that can cause tissue edema, and hence contribute to nasal congestion.
Improvement of nasal congestion in response to leukotriene antagonists suggests an
important role for these mediators, derived from basophils and other cells, in the
symptomatology of CRS patients.
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Basophils can also participate in recruiting other leukocytes to sites of allergic inflammation.
Basophils secrete large quantities of IL-4 (20) and IL-13 (2), cytokines that are known to
promote goblet cell hyperplasia and mucus production in asthma. Hyperplasia of goblet
cells, submucosal glands and excessive mucus secretion are all features that are commonly
seen in CRS patients. IL-4 can also increase the expression of integrin receptors like
vascular cell adhesion molecule-1 (VCAM-1) that can bind VLA-4 expressing leukocytes
including lymphocytes, monocytes and eosinophils (21), and is shown to be correlated with
the presence of eosinophils in CRS (22). It should thus be considered that basophils may be
involved in recruitment of other inflammatory cells to the polyp and promoting
inflammation in CRS.

In conclusion, we found a significantly higher number of basophils in nasal polyp tissue
compared to UT of controls and CRS patients in CRSwWNP patients without AERD. In an
environment rich in potential activators, and considering their ability to produce multiple
inflammatory mediators, basophils may thus make an important contribution to the
pathogenesis and symptomatology of CRS.
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Figure 1.
2D7+ basophils in a polyp (arrow heads) (A). Comparison of basophil counts in polyp tissue

from subjects with and without AERD, and in UT of controls, CRSWNP and CRSsNP
patients (B). Comparison of eosinophil counts in polyp tissue of those with and without
AERD and UT of controls, CRSWNP and CRSsNP patients (C). Correlation between
basophils and eosinophils detected in all of the tissues evaluated (D).
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