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Mitosis count is one of the most helpful morphologic features for distinguishing pulmonary typical carcinoid (TC) 

from atypical carcinoid (AC). However, identifying areas of highest mitotic activity is tedious and time-consuming, and 

mitosis count may vary substantially among pathologists. Anti-phosphohistone H3 (PHH3) is an antibody that specifically 

detects histone H3 only when phosphorylated at serine 10 or serine 28, an event that is concurrent with mitotic chromatin 

condensation and not observed during apoptosis. In this study, immunohistochemical staining for PHH3 was performed 

to determine whether PHH3 was a reliable and objective mitosis-specific marker for pulmonary carcinoid tumors. 

Seventeen cases of surgically resected pulmonary carcinoid tumors (12 TCs and 5 ACs) were obtained and classified 

according to the 2004 World Health Organization classification. Mitotic counts determined by PHH3 correlated to ones 

determined by hematoxylin and eosin (H&E) staining; however, PHH3 mitotic counts (mean mitotic counts: 1 in TCs 

and 3.2 in ACs) were slightly higher than H&E mitotic counts (mean mitotic counts: 0.25 in TCs and 1.8 in ACs). The 

mitotic counts determined by experienced observer were more correlated to those determined by inexperienced observer 

with the PHH3-based method (R=0.968, P<0.001) rather than H&E staining (R=0.658, P<0.001). These results suggest 

that the PHH3 mitotic counting method was more sensitive and simple for detecting mitoses compared to traditional 

H&E staining. Therefore, PHH3 immunohistochemistry may contribute to more accurate and reproducible diagnosis of 

pulmonary carcinoid tumors and may be a valuable aid for administrating appropriate clinical treatment. 
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INTRODUCTION 

 

Pulmonary carcinoid tumors that show a spectrum of 

neuroendocrine neoplastic differentiation are uncommon 

and account for approximately 1 to 2% of primary lung 

tumors (Lim et al., 2008). According to the 2004 World 

Health Organization (WHO) classification, mitotic counts 

and the presence of necrosis are the most important 

morphologic features for distinguishing low-grade typical 

carcinoid (TC) from intermediate-grade atypical carcinoid 

(AC) of the lung. ACs are distinguished from TCs by the 

presence of coagulative necrosis and/or a mitotic count of 

2 to 10 per 2 mm2 of viable tumor tissue (Travis et al., 

2004). Fig. 1 showed representative microscopic findings 

of TC and AC. However, the spectrum of pulmonary 

carcinoid tumors represents one of the most difficult areas 

in the surgical pathology of the lung. A previous study 

revealed that the mitotic criteria vary more substantially 

than that for necrosis among the pathologists, and mitotic 
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count variability is the main source of disagreement (Lee et 

al., 2010). 

Anti-phosphohistone H3 (PHH3) is an antibody that 

specifically detects histone H3 that is phosphorylated at 

serine 10 or serine 28, an event that occurs with mitotic 

chromatin condensation but is not observed during apoptosis 

(Shibata et al., 1990). Immunohistochemical labeling of 

mitotic figures with anti-PHH3 antibody has been suggested 

as a reliable method for mitosis counting. PHH3 has been 

studied as a mitosis marker in a few other neoplasms 

including meningiomas (Ribalta et al., 2004; Kim et al., 

2007), astrocytomas (Colman et al., 2006), granular cell 

tumors (Kapar et al., 2007) and ovarian epithelial tumors 

(Scott et al., 2004). These studies found this protein to be 

diagnostically and prognostically useful. 

Even though anti-PHH3 antibody has been commercially 

available for several years, the use of immunohistochemical 

staining for PHH3 had not been studied in pulmonary 

carcinoid tumors. Given the importance of mitosis counting 

for the current pulmonary carcinoid tumor grading system, 

we compared the results from immunohistochemical staining 

for PHH3 with standard hematoxylin and eosin (H&E) 

staining mitotic counts to determine whether PHH3 is a 

reliable and objective mitosis-specific marker. 

 

MATERIALS AND METHODS 

Case selection 

We studied a total of 17 cases (12 TCs and 5 ACs) that 

were histologically diagnosed as primary pulmonary car- 

cinoid tumors. The tissues were obtained from patients 

who were operated on between 1999 and 2010 at Dong-A 

University Medical Center. The institutional review board 

approved our study, and written informed consent was 

obtained from all the patients before surgery to permit the 

use of their resected samples for research. To ensure that 

there would be enough specimens for pathologic exami- 

nation, only surgical cases were considered. All H&E-

stained slides from each case had been previously reviewed 

by experienced pathologists and classified according to the 

2004 WHO criteria (Travis et al., 2004) to accurately 

confirm the histologic diagnosis of the carcinoid tumors 

Fig. 1. Representative microscopic findings of pulmonary 
carcinoid tumors. Typical carcinoid showed an organoid nesting
of uniform tumor cells with fibrovascular septa. Tumor cells had
a moderate amount of cytoplasm and nuclei with a finely granular
chromatin pattern. No necrosis or mitoses were identified (A,
×100). Atypical carcinoid showed a punctuate necrosis focus
within tumor nest with carcinoid morphology (B, ×40) and a 
single mitotic figure (arrow) (C, ×200). 

B 

C 
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(Lee et al., 2010). 

Mitotic counts on the H&E-stained slides (H&E mitotic 

count) 

Mitoses on the H&E-stained slide were counted in the 

areas of highest mitotic activity. Counting was performed 

in three sets of 10 high power fields (HPFs) and the average 

number of mitotic figures per 10 HPFs was calculated 

based on a previously described method (Travis et al., 

1998a). Mitotic figures were defined according to the 

criteria described by Baak (Baak, 1990). Calculations were 

made to estimate the number of HPFs needed to obtain the 

equivalent of 10 HPFs or 2 mm2 according to manufacturer 

and model of each microscopes commonly used by surgical 

pathologists (Travis et al., 1998a). An experienced patholo- 

gist (observer A) and an inexperienced observer (observer 

B) performed mitosis counting. The slides were analyzed 

independently and in a blinded manner by the two observers. 

Immumohistochemistry 

Immunohistochemical staining for PHH3 was performed 

on formalin-fixed, paraffin-embedded, 4 μm-thick tissue 

sections using the avidin-biotin-peroxidase complex method. 

All sections were deparaffinized in a series of xylene baths, 

and rehydration was performed with a series of graded 

alcohol solutions. To enhance immunoreactivity, microwave 

antigen retrieval was performed at 750 W for 30 min in 

Tris-EDTA buffer (pH 9.0). After blocking endogenous 

peroxidase activity with 5% hydrogen peroxidase for 10 min, 

the samples were incubated with the primary antibody for 

1 h at room temperature. The primary antibody was a rabbit 

monoclonal antibody against PHH3 (Ser10, dilution 1:500, 

Epitomics, Burlingame, CA, USA). An EnvisionTMChemTM 

Detection Kit (DakoCytomation, Carpinteria, CA, USA) 

was used for the secondary antibody at room temperature 

for 30 min. After washing the tissue samples in Tris buffered 

saline for 10 min, 3, 3'-diaminobenzidine was used as a 

chromogen and Mayer's hematoxylin counterstain was then 

applied. 

 

 

Mitotic counts on PHH3-immunostained slides (PHH3 

mitotic count) 

PHH3-labeled mitotic figures were counted in the same 

manner as those in the H&E-stained slides. For a cell to be 

counted as a mitotic figure, two criteria (positive staining 

and morphologic features of a mitotic figure) had to be 

met based on a previously described method (Colman et 

al., 2006). Positively stained interphase nuclei without 

condensed chromatin were rarely observed, but were not 

counted as a mitotic figure. Scattered interphase nuclei 

showed speckled positivity, which could easily be distin- 

guished from mitotic cells due to the presence of an intact 

nuclear membrane. An experienced pathologist (observer 

A) and an inexperienced observer (observer B) counted 

mitotic figures. 

Statistical analysis 

Correlations between the number of mitotic figures 

counted by observer A and observer B in PHH3-

immunostained and H&E-stained slides were determined 

by linear regression analyses. All the statistical tests were 

performed with the StatView software package (version 9.1 

for Windows, SAS Institute Inc, Cary, NC, USA). 

 

RESULTS 

Correlation between the PHH3 and H&E mitotic counts 

PHH3-labeled mitotic figures were easily observed and 

quickly identified (Fig. 2). The number of mitotic figure 

counted on H&E-stained and anti-PHH3-immunostinined 

slides by observer A (an experienced pathologist) are 

summarized in Table 1. In this study, the number of mitotic 

figures counted on the anti-PHH3-immunostained slide 

correlated to the number counted on the H&E slide. 

However, the PHH3 mitotic counts (mean mitotic counts: 1 

for TC and 3.2 in AC) were slightly higher than H&E 

mitotic counts (mean mitotic counts: 0.25 in TC and 1.8 in 

AC). Interestingly, 7 of the 12 TCs (58.3%) and 4 of the 

5 ACs (80.0%) had a higher number of mitotic figures 

following PHH3-immunostaining compared to the conven- 

tional H&E-stained sections. Therefore, it seems that the 
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PHH3 immunostaining method was more sensitive for 

detecting mitosis compared to the traditional H&E staining 

method. 

Comparison of observers 

To further determine whether PHH3 immunostaining is 

a simple and reliable method for identifying mitotic figures, 

correlations between the number of mitotic figures counted 

by observer A and observer B on the PHH3-immunostained 

Table 1. Mitotic counts on hematoxylin and eosin-stained sections and anti-phosphohistone-H3-immunostained sections of 17 pulmonary 
carcinoid tumors 

Tumor category No. of cases MF/10 HPF on H&E 
mean (range) 

MF/10 HPF on PHH3 
mean (range) 

Typical carcinoid 12 0.25 (0~1)  1 (0~2) 

Atypical carcinoid  5  1.8 (0~4) 3.2 (0~6) 

MF: mitotic figures, HPF: high power field, H&E: hematoxylin and eosin-stained sections, PHH3: phosphohistone-H3-immunostained 
sections. 

A 

B 

Fig. 2. Immunohistochemical staining for phosphohistone H3
(PHH3) permitted clear and unambiguous identification of PHH3-
labeled mitotic figure (arrow) in a case of a typical carcinoid
tumor (A, ×200), which was not well identified on hematoxylin
and eosin section of the same area (circle) (B, ×200). 

A 

B 

Fig. 3. Relationship between the number of mitotic figure 
counted by observer A (an experienced observer) and observer B 
(an inexperienced observer) on hematoxylin and eosin-stained 
sections (H&E mitotic count) (A) and anti-phosphohistone-H3-
immunostained sections (PHH3 mitotic count) (B) from 17 pul-
monary carcinoid tumors determined by linear regression analyses.
The correlation was more significant between the experienced 
observer and inexperienced observer for the PHH3 mitotic count 
(R=0.968, P<0.001) than the H&E mitotic count (R=0.658, 
P<0.001). 
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and H&E-stained slides were examined by linear regression 

analyses. As shown in Fig. 3, the correlation between the 

numbed of mitotic figures counted by the experienced 

observer and inexperienced observer was more significant 

for the PHH3-immunostained slide (R=0.968, P<0.001) 

than the H&E-stained slide (R=0.658, P<0.001). 

 

DISCUSSION 

 

Pulmonary carcinoid tumors are divided into low-grade 

TC and intermediate-grade AC. Investigators have reported 

5-year overall survival rates of 87~96% for TCs and 

40~78% for ACs (Harpole et al., 1992; Marty-Ane et al., 

1995; Lim et al., 2008). Exact quantification of mitotic 

figures is one of the most determinant prognostic factors 

for carcinoid tumors. Nevertheless, a series of studies have 

found low inter- and intraobserver agreement for inter- 

preting pulmonary carcinoid tumors (Travis et al., 1998b; 

Lee et al., 2010). In particular, classifying a carcinoid 

tumor as TC or AC based on mitotic count can be difficult 

due to several factors including heterogeneity of mitotic 

activity in different areas of the tumor, inadequate fixation, 

crush artifacts, apoptosis, karyorrhectic debris, distortion or 

pyknosis (Hendzel et al., 1998). Furthermore, determining 

an accurate mitotic count requires considerable time and is 

greatly influenced by the patience and diligence of the 

pathologist. This is a particularly difficult task for novices. 

In this study, we showed that PHH3-labeled mitotic 

figures were easily viewed and permitted quick identi- 

fication. The number of mitotic figures appearing in the 

PHH3-immunostained slide were correlated those in the 

traditional H&E-stained slide. In addition, the correlation 

between the number of mitotic figures counted by the 

experienced observer and inexperienced observer was more 

significant for the PHH3-immunostained slide than the 

H&E-stained slide. Observer B, who had little prior experi- 

ence in mitotic counting, found immunohistochemistry of 

great help in correctly identifying mitotic figures. Therefore, 

immunostaining with a mitosis-specific anti-PHH3 antibody 

can be a helpful tool for routinely diagnosing pathology of 

pulmonary carcinoid tumors. 

PHH3 immunostaining has the potential to be a 

technically robust method for identifying mitotic activity in 

several types of tumors. Tapia et al. (Tapia et al., 2006) 

reported that PHH3 was very helpful for mitotic counting, 

especially in melanocytic and mesenchymal lesions, and the 

overall time needed to establish an accurate mitotic count 

was substantially reduced with PHH3-immunostaining. 

Kim et al. (Kim et al., 2007) reported that the determining 

mitotic counts based on PHH3 immunostaining was found 

to be an independent predictor of recurrence or death for 

patients with meningioma by multivariate analysis. 

In addition, it has been reported that the mitotic counts 

determined by PHH3 immunostaining were more accurate 

compared to the H&E staining. In a previous study, the 

grade of meningiomas was changed in 22.2% of study 

cases based on PHH3-immunostaining (Ribalta et al., 2004). 

In our study, 7 of the 12 TCs (58.3%) and 4 of the 5 ACs 

(80.0%) showed a higher number of mitosis with PHH3 

immunostaining compared to H&E staining. If the mitotic 

thresholds suggested by the 2004 WHO classification 

(Travis et al., 2004) to distinguish TCs from ACs (<2 per 2 

mm2 versus 2 to 10 per 2 mm2) were applied to the PHH3 

immunostaining mitotic counting results, 5 (41.7%) of the 

12 TCs would have been classified as AC. The specific 

cutoff and discriminating ability (sensitivity and specificity) 

of PHH3 to distinguish between TC and AC using the area 

under the receiver operating characteristics curves need to 

be verified with a larger numbers of tumor samples. 

However, the findings from the present study suggest that 

mitotic counting based on PHH3 immunostaining may be 

useful for tumor grading or clinical treatment decision-

making processes. 

In summary, we showed in this report that PHH3 

immunostaining facilitates easy and reliable identification of 

mitotic figures. PHH3 immunohistochemistry as an adjunct 

method to conventional H&E staining may result in a more 

reproducible diagnosis of pulmonary carcinoid tumors. This 

technique could be a valuable aid for selecting the most 

appropriate clinical treatment. 
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