Hypoxia Imaging of Tumor with Laser Endoscope

StO, maps (lower) of the esophagus tissue (i) before the stomach removal, (ii) after the stomach removal, (iii) two minutes after the KCl injection, (iv)
four minutes after the KCl injection and (v) twenty minutes after the KCl injection.
doi:10.1371/journal.pone.0099055.g004
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Figure 5. StO, maps obtained in human subject research. (A) White light image by endoscopic observation in rectal adenocarcinoma (left).
Line (L-R) corresponds to cross-section of pathological diagnosis. StO; map visualized by laser endoscope system (middle: pseudocolor 5t0, image;
right: 5tO, overlay image). (B) Cross-section appearance stained with H&E (upper) and HIF1 alpha antibody (lower) corresponding to the hypoxic area
visualized with StO, map. (C) Endoscopic images of a colorectal adenoma (upper) showing clear hypoxia: white light image (upper left), pseudocolor
St0, map (upper middle) and overlayed image (upper right). Another case of a colonic lesion (lower) consisting of an adenoma (red arrow) and a
hyperplasia (blue arrow): white light image (lower left), pseudocolor StO, map (lower middle) and overlayed image (lower right). Only the adenoma
was detected as hypoxia. (D) Observed StO, differences between neoplastic and non-neoplastic areas: For comparing pathology specimens and
endoscope images, the line on the endoscopic image corresponding to the cross-section was determined. StO, levels at neoplasic and non-neoplasic
areas along this line were then calculated using this StO; map.

doi:10.1371/journal.pone.0099055.g005
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Table 1. Patients Characteristics.
(n=40)
Age
Mean {y) -+ 708
Range {y) 49-85
Gender n (%)
Male 32 (80%)
Female 8 (20%)
Location n (%)
Pharynx 3 (7%)
Esophagus 8 (20%)
Stomach 15 (38%)
Colorectum 14 (35%)
doi:10.1371/journal.pone.0099055.t001

clinicopathological findings between hypoxic cases and non-hypoxic
including hyperoxic cases (Table 2). Further examination of organ
specific hypoxia will be required.

Our endoscopic hypoxia imaging method provides a better
opportunity to investigate the characteristics of cancer hypoxia.
Some techniques detecting hypoxia by capillary methods, molec-
ular biologic analysis and immunohistochemistry using histologic
specimens have been reported. In the capillary method and
molecular biological analysis [19], hypoxic conditions can be
observed in only limited parts of the whole tumor, and features of
whole tumors with hypoxia cannot be visualized. On immunohis-
tochemistry using histologic specimens, visualization in real time is
mpossible. However, hypoxia imaging using this system Iis
superior in visualizing the hypoxic conditions of whole tumors
both sequentially and in real-time. No other method can
simultancously monitor oxygen concentrations in both cancerous
and noncancerous areas.

Table 2. Clinicopathological findings of the study with gastric
cancer patients.
Hypoxia Non-hypoxia
(n=9) (n=6)
Age (y) > 70 (n=9) 5 (569%) 4 (44%)
=270 (n=6) 4 {67%) 2 (33%)
Gender Male (n=11) 6 (55%) 5 (45%)
Female (n=4) 3 (759%) 1 (25%)
Histologic type Dif. (n=12) 7 (58%) 5 (42%)
Undif, (n=3) 2 (67%) 1 (33%)
Macrascopic type Elevated (n=4) 3 (75%) 1 (25%)
Depressed {(n=11) 6 (55%) 5 (45%)
Size (cm) > 2 (n=7) 5 (71%) 2 (29%)
<2 n=8) 4 {50%) 4 (50%)
Location Ulh=1) 1 (100%) 0 (0%)
M (n=10) 5 (50%) 5 (50%)
Lin=4) 3 (75%) 1(25%)
doi:10.1371/journal.pone.0099055.t002
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Our data strongly suggest that the microenvironment of oxygen
supply to the tumor is spatially and temporally heterogeneous.
This endoscope system cnables us to observe spatial and temporal
information of hypoxic conditions in human tumors. Moreover,
we can directly acquire human cancer cells under various hypoxic
conditions from biopsy samples. I'rom these features, this
endoscope system is expected to contribute to research into
cancer biology, as well as into medications and treatment methods
based on cancer hypoxia.

Methods

Ethics statement

This human subject research was approved by the National
Cancer Center Hospital East Institutional Review Board (K23-2).
A written informed consent was obtained from each patient.
Animal experiments were approved by the Animal Ethics
Comumittee of the National Cancer Center Hospital East (K13-
015). We used horse blood, which was purchased from Nippon
Bio-test Laboratories Inc., in the phantom experiment. The
animal work that produced the blood samples was approved by
the Animal Ethics Committee of the Nippon Bio-test Laboratories
Inc.

Laser endoscope system

We developed a prototype laser endoscope system composed of
two types of laser and a white fluorescent pigment body (20 mW,
473 nm laser diode, and 1 W, 445 nm blue laser diode; Nichia,
Japan) as light sources and a commercial endoscope system (EG-
590ZW gastroscope, and EC-590ZW3 colonoscope; Fujifilm,

Japan).

Phantom

We created a vessel phantom composed of a glass micro-
capillary, Intralipid-10% (fat emulsion) and blood (horse blood,
stored in an equal volume of Alsever’s solution), inside a container
of dimensions 60 mmx30 mmx30 mm (Fig. 2A). The vessel
phantom imitates typical human tissue at a 100 x magnified scale.
The inside diameter of the glass microcapillary is 2 mm. The
depth of glass microcapillary from the Hquid swface is 5 mm.
Thus, the vessel phantom imitates the 20-um diameter vessel in
human tissue at 50 pm depth. The size of the vessel is 100x
magnified; thercfore the scattering coefficient of Intralipid and
absorption coefficient of blood is one hundredth that of typical
human tissues. Blood is diluted with pure water so that the
hematocrit value is 0.5%, 0.4% or 0.3%. Sodium hydrosulphite
(NagO4Sy) is used for de-oxygenation of blood. Transmittance
spectra are measured with a spectral radiometer (TOPCON SR-
ULIL) and a Xenon light source, and the true value of oxygen
saturation is calculated from transmittance spectra.

Dorsal skin-fold chamber mouse model

We anesthetized each mouse by intraperitoneal injection of
0.4 ml avertin (1.2 wt% 2,2,2-tribromoethanol and 1 wt% 2-
propanol dissolved in saline). This treatment maintained the
mouse under anethesia for about 30 min. To minimize pain, the
following operation of mounting a window chamber was
conducted within 15 min. We peeled a small part of the dorsal
skin and then attached a custom-made skin-fold window chamber
that kept the subcutaneous blood vessels in the skin-peeled area
observable. The circular glass window was 9 mm in diameter. We
prepared a suspension of A549 human lung cancer cells by mixing
2x10° cells with 40 pl of BD Matrigel™ and injected it under the
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skin in the chamber. After the experiment, all the mice were
sacrificed by deep euthanasia using diethyl ether.

Cell culture
A549 human lung cancer cells (ATCC) were cultured in
Dulbecco’s modified Eagle medium (DMEM) at 37°C.

In vivo imaging of alimentary tracts with pigs

We used two conventional female Large White and Duroc pigs
(40 kg) bred in a closed colony. All efforts were made to minimize
animal suffering. We anesthetized the pigs by firstly administration
of 20 ml ketalar (500 mg/10 ml) intramuscularly and 250 mg
isozol intravenously, and then inhalation of sevoflurane after
intubation. Anesthesia was maintained via a circular breathing
system. All the following procedures were carried out under the
anesthesia. Under X-ray guidance with a fluoroscopic system
(Powermobile C-ARM Angiographic System; Siemens), an angio-
graphic catheter (Selecon safe tip; Terumo, Japan) was placed into
the common hepatic artery, and a microcatheter (Progreat alpha;
Terumo) was placed into the left gastroepiploic artery. We used
Histacryl (B. Braun Biosurgicals) diluted 10-fold with Lipiodol
(Terumo) as the embolic agent. We injected the agent with the
micro catheter to embolize the arteries connected to the stomach.
This embolization made the stomach partially hypoxic. The StO,
map of the stomach was observed with the hemoglobin oxygen
saturation imaging system. After the observation of the stomach,
we opened the abdomen and removed the stomach for a
histological evaluation. We also placed the endoscope at the
esophagus and observed the change of the pig’s oxygenation state
before the stomach observaton, after the stomach removal and
after an intravenous administration of potassium chloride (KCI) to
cause cardiac arrest.

Human subject research

Patients who had been confirmed (o have pharyngeal,
oesophageal, gastric, or colorectal neoplasia by previous endo-
scopic examination were enrolled. Eligibility criteria were as
follows: age of 20 years or more; and male or female patients. After
conventional endoscopy was performed, hypoxia imaging was
observed using prototype endoscopy. To compare histologic
findings to hypoxia imaging, all patients received endoscopic
treatment, such as polypectomy, EMR or ESD after conventional
and hypoxia imaging endoscopy. When comparing pathological
findings, we determined the corresponding areas of neoplasia and
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non-neoplasia in the endoscope images and obtained StO, levels
from the StOs map.

Pathological assessment

We performed immunochistochemical expression of HIF-1
alpha, which accumulates under hypoxia®, to evaluate hypoxic
status on the histological slide. Sections (5 wm) from paraffin-
embedded slices that included the most representative area were
selected and used for immunohistochemical staining of HIF-1
alpha (Rabbit polyclonal antibody to HIF-1 alpha{abl104072);
Abcam, Tokyo, Japan). Citrate buffer (pH 6.0) was used for
antigen retrieval, and antigen dilution was x100. Human lung
adenocarcinoma and squamous cell carcinoma were used as
positive controls.

Statistical analysis

StOg levels were measured in both neoplastic and non-
neoplastic areas for each patient. Stratified by cancer region, this
paired data was compared using Wilcoxon signed-rank test.
Among gastric cancer patents, we summarised the patient
characteristics according to the remainder calculated by subtract-
ing StO, levels of the normal tissue from those of tumor tissue, as
in some cases, tumor tissue appeared as non-blue color (same color
as normal tissues). All P values were two-sided.

Supporting Information

Video S1 Endoscopic video image showing the hypoxic
feature of a colorectal adenoma in real time: white light
image (left upper), pseudocolor StO, map (left lower)
and overlayed image (right).
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BACKGROURND: Flastic laminal invasion is defined as tumor
invasion beyond the peritoneal elastic lamina. It is one of the
factors affecting the prognosis of patients with colon cancer.

OBJECTIVE: This study aimed to investigate the clinical
impact of elastic laminal invasion in colon cancer and
the magnitude of the worse prognosis of elastic laminal
invasion-positive, node-negative patients.

DESIGN: This was a retrospective cohort study.

SETTINGS: This study reviewed data from a tertiary care
cancer center in Japan.

PATIENTS: The records of 436 patients with pT3 or pT4a
colon cancer who underwent curative resection between
January 1996 and December 2006 were reviewed.

MAIN OUTCOME MEASURES: The primary outcome
measure was recurrence-free survival. Cox regression
analyses established the factors associated with
recurrence-free survival. Six groups formed by combining
the factors were compared.
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RESULTS: Of the patients with pT3 disease, those who
were positive for elastic laminal invasion had a 5-year
recurrence-free survival rate of 73.8% compared with

a rate of 85.0% in those who were negative for elastic
laminal invasion and 53.5% in patients with pT4 disease.
Three unfavorable prognostic factors were identified,
including lymph node metastasis, positive elastic laminal
invasion, and a lack of adjuvant chemotherapy. Log-
rank analysis revealed statistically significant differences
in recurrence-free survival between group 1 (node
negative, elastic laminal invasion negative, and no
adjuvant chemotherapy) and group 3 (node negative,
elastic laminal invasion positive, and no adjuvant
chemotherapy). The HR for group 1 compared with
group 3 was 0.49 (95% CI, 0.27-0.90). Furthermore, the
HRs for group 2 (node positive, elastic laminal invasion
negative, and received adjuvant chemotherapy) and
group 4 (node positive, elastic laminal invasion positive,
and received adjuvant chemotherapy) vs group 3 were
0.77 (95% CI, 0.35-1.69) and 1.36 (95% CI, 0.62-2.98).

LIMITATIONS: Our study has limited prediction accuracy
of our prognostic stratification, and an analysis of small
subgroups may not have been capable of detecting
significant differences. In addition, a wide range of
hematoxylin and eosin- and elastica-stained slides were
examined per case.

CONCLUSIONS: Elastic laminal invasion adversely
influences prognosis in pT3 and pT4a colon cancer.
Although elastic laminal invasion positivity does not
affect prognosis in node-positive patients receiving
adjuvant chemotherapy, node-negative patients with
elastic laminal invasion have a similar risk of recurrence
as node-positive patients.
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~n 2008, 1.2 million people received a new diagnosis
of colorectal carcinoma (CRC), and 608,700 patients
L died of the disease, making it the fourth most com-
mon cause of cancer death globally.! However, in the
United States and Europe, it is the second leading cause
of cancer death.?? In Japan, CRC is diagnosed in =105,000
patients each year and accounts for 42,000 deaths, making
it the third leading cause of death from cancer.*

CRC is staged using the TNM system of the Interna-
tional Union Against Cancer (UICC),” in which primary
tumor extension (T), regional lymph node involvement
(N), and the presence of distant metastasis (M) are estab-
lished to guide treatment and predict prognosis. Patholog-
ic (p) T categories are divided into pT1 to pT4: pT3 disease
is defined by subserosal tumor invasion and accounts for
approximately half of all cases of CRC. The prognosis of
patients with pT3 disease varies, which may be explained
by differences in the depth of tumor invasion.®® Never-
theless, although it has been suggested that pT3 disease be
subclassified, it currently remains 1 category.

The peritoneal elastic lamina (PEL) is a component of
the normal intestinal wall and can be identified histologi-
cally by elastica staining. It is situated beneath the visceral
peritoneum and covers the intestinal wall. Subclassifying
pT3 tumors according to their relationship with the PEL
has been suggested as another method of pT3 classifica-
tion. Patients with tumor invasion beyond the PEL are
classified as having elastic laminal invasion (ELI).” Fur-
thermore, the elastic lamina is used as a landmark of in-
vasion of the visceral pleura in the TNM classification of
lung cancer.” These facts guide us to focus on the PEL as a
landmark of the classification of tumor spread.

Our previous study of 564 patients with stage Il to IV
CRC suggested that ELI was one of the factors affecting
the prognosis of patients with colon cancer (CC) and an
independent risk factor for tumor recurrence only among
CC patients with stage II disease.'® However, it is not yet
clear that ELI status can be a prognostic factor under com-
prehensive analysis, including factors such as lymph node
involvement and adjuvant chemotherapy.

The aim of this study was to investigate the clinical
impact of ELI in patients diagnosed with pT3 and pT4a
CC and the magnitude of the worse prognosis of patients
with ELI-positive, node-negative CC (NNCC).

MATERIALS AND METHODS

Patients Selection and Followr-up

Of the 1103 consecutive patients who underwent sur-
gery for CC at the National Cancer Center Hospital East
between January 1996 and December 2006, 721 patients

831

had pT3 or pT4a disease. The following patients were ex-
cluded: 1) patients with multiple or metachronous CC, 2)
patients simultaneously or previously diagnosed with an
advanced tumor other than CC, 3) patients with distant
metastasis, 4) patients who received neoadjuvant therapy,
and 5) patients in whom resection was incomplete (R1 and
R2). Completeness of resection was classified as RO (neg-
ative gross and pathologic margins), R1 (negative gross
and positive microscopic margins), and R2 (positive gross
margins). R1 and R2 were defined as incomplete resec-
tion. After exclusions, the clinical records of 439 patients
with pT3 and pT4a CC were retrospectively studied. We
began routinely administering 5-fluorouracil-containing
adjuvant chemotherapy for patients with stage III disease
in 2003, and 3 patients with stage II CC were excluded
because they had also received adjuvant chemotherapy.
Each patient’s prospectively collected demographic, stag-
ing, histopathology, and prognostic outcome data were
recorded. All of the cases were reclassified based on the
7th edition of the UICC TNM staging system.® We did
not categorize isolated tumor deposits as pNlc to avoid
overestimating the prognosis of patients with stage III
disease. Follow-up after surgery was composed of serum
tumor marker measurement every 3 months and chest
and abdominal CT every 6 months for the first 3 years,
then every 6 months for the next 2 years, and annually
for 2 additional years. All of the patients were followed
from the date of surgery to the last contact (death or last
follow-up) or until December 31, 2011. Recurrence was
defined as distant metastasis, local recurrence, or perito-
neal dissemination; the final diagnosis was made by im-
aging (CT, MRI, and/or positron emission tomography
CT), cytologic analysis, or biopsy, if necessary.

Written, informed consent to tissue collection and
use for research was obtained. Conduct of the study was
approved by our local ethics committee (National Cancer
Center Hospital, No. 2012-067).

Histopathologic Analysis

We used the same histopathologic protocol as our previ-
ous study.!® The resected specimens were fixed in 10% for-
malin, and the entire tumor was cut into 5-mm sections.
Representative slices were embedded in paraffin, cut into
3-um sections, and stained with hematoxylin and eosin
(H&E) and elastica stain to allow evaluation of serial sec-
tions for ELI status and lymphovascular invasion (Fig. 1).
We used the modified resorcin-fuchsin method for the lat-
ter.!! There is a defect of the PEL at the mesenteric attach-
ment; therefore, we undertook elastica staining on at least
1 whole section where the tumor was closest to the perito-
neal surface to confirm the continuity of the PEL. The me-
dian numbers of H&E- and elastica-stained sections were
6 (range, 2-20) and 4 (range, 2-16). We defined cases with
tumor invasion beyond the PEL as ELI positive (Fig. 1C
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FIGURE 1. A, Cut surface of a tumor with elastic lamina invasion
(ELI). Hematoxylin and eosin staining (B; x40} and elastica staining (G
x40; D, x100) of the white box area in A. The peritoneal elastic lamina
(PEL; arrows in C) is situated beneath the visceral peritoneum. C and
D, Tumor invasion beyond the PEL represents EL! positivity.

and 1D). Continuity of the PEL in unaffected areas was
confirmed regardless of the intensity of staining near the
tumor. In cases with duplication of the PEL around the in-
vasive front of the tumor, we determined cases with tumor
invasion beyond the PEL to be ELI positive only when the
PEL was judged the outermost layer of elastin. In cases in
which the PEL had been disrupted, its estimated course
was obtained by drawing a straight line between the re-
sidual PEL; only cases with invasion beyond the line were
defined as ELI positive. ELI status was retrospectively eval-
uated by 2 pathologists blinded to the patient outcomes.
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Patients with resection of colon
cancer between 1996 and 2006
(N=1103)

g Patients with pT3 and pT4a disease

(n=721)
Exciuded (n = 282%)
()  Multiple or metachronous cofon cancer (n = 47}
Assesssed for eligibility ! (i) Simul Iy or previously diagnosed with an
(n=439) | advanced tumor other than colon cancer (n = 16)

(iii) Distant metastasis {n = 215)
(iv) Necadjuvant therapy (n=15)
(v)  Incomplete resection (n =20}

Excluded (n = 3):
Stage |l patients who received adjuvant
cha‘emotherqp‘y‘(n = 3)’

Available for analysis
(n=436)

FIGURE 2. Consolidated Standards of Reporting Trials diagram of
the study. *At least 1 of the criteria (i to v) was met.

Statistical Analysis

Our primary outcome measure was recurrence-free sur-
vival (RFS), defined as the time that elapsed between the
date of surgery and any relapse or death from any cause.
Overall survival (OS) was a secondary outcome, defined as
the time from surgery to death from any cause. We chose
RFS as the primary outcome to avoid the impact of treat-
ments after recurrence on survival. Kaplan-Meier survival
curves were plotted and compared using the log-rank test.
Continuous variables were separated into 2 categories on
the basis of their median values. All of the baseline char-
acteristics were summarized as numbers and percentages.

To verify whether ELI status was an independent
prognostic factor, we first performed multivariate Cox re-
gression analyses for RFS. Baseline covariates included age
(<65 or 265 years), sex (male or female), tumor size (<4.5
or 24.5cm), histologic differentiation (well/moderately
or poorly/mucinous), surgical technique (open or laparo-
scopic), lymphatic invasion (positive or negative), venous
invasion (positive or negative), lymph node metastasis
(positive or negative), number of lymph nodes retrieved
(less than 12 or 12 or more), preoperative serum CEA lev-
el (<5 or 25ng/mL), adjuvant chemotherapy (received or
not received), and ELI (positive or negative).

The branch-and-bound algorithm of the Furnival and
Wilson'? variable selection procedure was applied to iden-
tify the risk factors using these candidate covariates. Next,
we divided patients into all of the possible combinations
based on the covariates identified in the Cox regression
analyses so that their stratification would be meaning-
ful. To establish the extent to which ELI adversely affected
prognosis in NNCC, we compared the group consisting of
patients with ELI-positive NNCC with groups composed
of patients with node-positive CC (NPCC; stage III dis-
ease). We also applied the risk group to patients with pT3,
because exclusion of patients with pT4a disease might
have influenced our proposed risk stratification. Further-
more, we evaluated how the risk group affected OS.
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No. of patients (N = 436) RFS

Variable No. % 5y(%) pe

Age y
Median (range) 65.0 (26.0-92.0) 032
<65 208 47.7 76.2
265 228 523 80.5

Sex
Male 251 57.6 76.1 0.17
Fermale 185 424 81.1

Tumor location
Right 146 335 83.7 0.08
Transverse 51 11.7 714
Left 239 54.8 76.3

Tumor stage
pT3 393 90.1 81.0 <0.0001
pT4a 43 9.9 535

Nodal status
pNO 250 57.3 883 <0.0001
pN1 140 321 684
pN2 46 10.6 54.8

Tumor size, cm
Median (range) 4.5 (0.6-16.5) 0.09
<4.5 196 45.0 75.0
24.5 240 55.0 80.9

Histologic differentiation
Well/moderately 396 90.8 78.8 0.38
Poorly/mucinous 40 9.2 722

Lymphaticinvasion
Negative 293 67.2 80.6 0.07
Positive 143 328 73.2

Venous invasion
Negative ’ 102 234 89.0 0.002
Positive 334 76.6 74.9

CEA, ng/mL
Median (range) 3.9(0.2-247.7) 0.27
<5 252 57.8 79.8
25 184 42.2 76.0

Type of surgery
Open 267 61.2 78.0 0.84
Laparoscopic 169 38.8 786

No. of lymph nodes retrieved
Median (range) 26.5 (4.0-124.0) 0.58
<12 31 7.1 76.0
212 405 92.9 784

Adjuvant chemotherapy
Received 71 16.3 784 0.98
Not received 365 83.7 77.2

ELI
Negative 254 58.3 85.1 <0.0001
Positive 182 41.7 68.8

ELl = elastic laminal invasion; RFS = recurrence-free survival.
2p value was calculated by log-rank test (2 sided).

All of the statistical analyses were performed using SAS
9.3 (SAS Institute, Cary, NC). All p values were reported as 2
sided, and statistical significance was defined as values <0.05.

RESULTS

Patient Characteristics
A total of 436 patients with a median age of 65.0 years
were enrolled (Fig. 2). Their characteristics were shown in

Table 1. Tumors were located in the cecum in 26 patients
(6.0%), the ascending colon in 120 (27.5%), the transverse
colon in 51 (11.7%), the descending colon in 36 (8.3%),
and the sigmoid colon in 203 (46.5%). Tumors were clas-
sified as stage IIA, IIB, I1IB, and IIIC in 236 (54.1%), 14
(3.2%), 165 (37.9%), and 21 patients (4.8%). Seventy-one
patients (38.2%) with stage III CC received adjuvant che-
motherapy after primary resection. Overall, 182 patients
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FIGURE 3. Kaplan-Meier curves depicting recurrence-free (A) and
overall survival (B) based on the elastic laminal invasion status of 436
patients who underwent primary resection for colon cancer.

(41.7%) were identified as ELI positive, 140 (35.6%) of
those with pT3 and 42 (97.7%) of those with pT4a disease.

Assocdiation Between ELI Status and Survival

The 5-year RFS and OS for all of the participants were
78.2% and 92.9%. The median follow-up was 7.1 years
(range, 0.1-15.1 years). Of those who survived, 93.3%
were followed for >3 years, and 88.0% were followed for
>5 years. Tumor stage, nodal status, venous invasion, and

RFS
Variable HR p 95% I
Lymph node metastasis (+) 2.96 <0.0001 1.95-4.49
Adjuvant chemotherapy (+) 0.50 0.01 0.29-0.85
ELI (+) 159 0.02 1.08-2.33

ELI = elastic laminal invasion; RFS = recurrence-free survival.

YOKROTA ET AL: ELASTIC LAMINAL INVASION IN COLON CANCER

ELI status influenced RES (Table 1). Of the patients with
pT3 disease, those who were ELI positive had a 5-year RFS
of 73.8% compared with 85.0% for those who were ELI
negative (p = 0.002) and 53.5% for patients with pT4 dis-
ease (p = 0.02; Fig. 3A). Tumors recurred in 95 (21.8%)
of the 436 patients; the most common sites of recurrence
were the liver (48 patients), lung (18 patients), and peri-
toneum (13 patients). The 5-year OS of ELI-positive pa-
tients with pT3 disease was 87.3% compared with 94.9%
if ELI status was negative (p = 0.02) and 85.3% in patients
with pT4 disease (p = 0.82; Fig. 3B). Overall, 63 patients
died (14.4%): of those who died of CC, 28 were ELI posi-
tive and 14 were ELI negative; of those who died of other
causes, 6 were ELI positive and 15 were ELI negative.

Multivariate Analyses

We performed Cox regression analyses on all 436 patients.
For RES, the branch-and-bound algorithm identified 3
unfavorable factors, including lymph node metastasis (p
< 0.0001), lack of adjuvant chemotherapy (p = 0.01), and
ELI positive status (p = 0.02; Table 2). Patients were di-
vided into 6 groups based on these unfavorable factors, as
shown in Table 3. We chose group 3 (node negative, ELI
positive, and no adjuvant chemotherapy) as the reference
value to compare with node-positive patients.

Evaluation of Prognosis

Kaplan-Meier curves for RFS in each group are shown in
Figure 4A. The survival curves of group 5 (node positive, EL
negative, and no adjuvant chemotherapy) and group 6 (node
positive, ELI positive, and no adjuvant chemotherapy) were
almost identical (p = 0.43), and there was not a significant
difference between group 2 (node positive, ELI negative, and
received adjuvant chemotherapy) and group 4 (node positive,
ELI positive, and received adjuvant chemotherapy; p = 0.15).
There was, however, a significant difference between group
1 (node negative, ELI negative, and no adjuvant chemother-
apy) and group 3 (p = 0.001). The RFS curve of group 3 lay
between those of group 2 and group 4, both of which were
composed of node-positive patients. The HR for group 1 vs
group 3 was 0.49 (95% CI, 0.27-0.90), corresponding with a
51% relative reduction in the risk of recurrence. Furthermore,
the HRs for groups 2 and 4 vs group 3 were 0.77 (95% CI,
0.35-1.69) and 1.36 (95% CI, 0.62-2.98).

When group 3 was compared with the other groups
in terms of OS, similar trends were observed (Table 3 and
Fig. 4B). The estimated OS Kaplan-Meier curve of group
3 was also between those of groups 2 and 4. The HRs for
groups 2 and 4 vs group 3 were 0.88 (95% CI, 0.29-2.62)
and 1.81 (95% CI, 0.61-5.41).

Findings After Exclusion of Patients With pT4a Disease
The impact of ELI status was reanalyzed using the same
6 groups after patients with pT4a disease were excluded



DiseasEs OF THE CoLoN & RECTuM VOLUME 57: 7 (2014)

835

Group n 5-y % (95% Cl) HR (95% Cl) 5-y % (95% Cl) HR (95% Cl)

1 NO,ELI(-),AC(-) 166 91.1 (85.4-94.6) 0.49 (0.27-0.90) 98.1 (94.2-99.4) 0.59 (0.25-1.41)
2 N1-2,ELI=),AC(+) 42 83.0 (67.7-91.5) 0.77 (0.35-1.69) 97.6 (83.9-99.7) 0.88 (0.29-2.62)
3 NO,ELI(+),AC(-) 84 783 (67.8-85.7) 1.00 91.2 (82.4-957) 1.00

4 N1-2,ELI(+),AC(+) 29 69.0 (48.8-82.5) 1.36 (0.62-2.98) 89.7 (71.3-96.5) 1.81(0.61-5.41)
5 N1-2,ELI(=),AC(~) 46 57.7 (41.9-70.6) 1.92 (1.03-3.57) 82.0(67.1-90.5) 2.10 (0.88-5.01)
6 N1-2,ELI(+),AC(H) 69 55.9 (43.3-66.7) 236 (1.36-4.11) 79.5 (67.3-87.6) 2.64 (1.20-5.81)

N = nodal status; ELI = elastic laminal invasion; AC = adjuvant chemotherapy; RFS = recurrence-free survival; OS = overall survival.

(Table 4). The 5-year RFS for group 3 excluding those with
pT4a disease (group 3") was significantly worse than that
for group 17 (group 1 excluding those with pT4a disease;
81.1% vs 92.9%; p = 0.003). The RFS curve of group 3" was
similar to that of groups 2" (group 2 excluding those with
pT4a disease) and 4" (group 4 excluding those with pT4a
disease; group 3" vs group 27, p = 0.61; group 3 vs group 4/,
p=0.83; Fig. 5A). The OS curve of group 3’ lay below that
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FIGURE 4. Kaplan-Meier curves depicting recurrence-free (A) and
overall survival (B) of 6 groups of 436 patients who underwent
primary resection for colon cancer, stratified according to elastic
faminal invasion (ELI), lymph node metastasis, and adjuvant
chemotherapy status. The green line represents group 3 (node
negative, ELI positive, and no adjuvant chemotherapy).

of groups 2" and 4" (group 3" vs group 2/, p = 0.41; group
3" vs group 4, p = 0.98; Fig. 5B).

DISCUSSION

ELI appears to influence outcome in patients with pT3 and
pT4a CC. The RFS and OS of patients with ELI-negative
NPCC (group 2) were better than those with ELI-positive
NNCC (group 3). A similar trend was observed in previ-
ous reports based on the UICC 6th edition. Patients with
stage IIIA (T1 to 2N1) disease had a better 5-year sur-
vival than those with stage IIA (T3NO) disease, and the
Kaplan-Meier curve of patients with stage IIB (T4N0)
disease lay approximately halfway between those of pa-
tients with stage ITIA and stage IIIB (T3-4N1) disease.}*!
Whether the favorable outcome of patients with stage ITIA
disease was because of limited tumor spread or adjuvant
chemotherapy is unclear; these and our results show that
some patients with stage I disease have a worse outcome
than some with stage III disease.

Several studies have reported a variety of poor prog-
nostic indicators in patients with stage II CC, including tu-
mor necrosis,'® perineural invasion,'>'® male sex,!” bowel
obstruction,'” " tumor depth,*”¢* retrieval of less than
10 or 14 lymph nodes,'”® emergency presentation,® left
colonic disease,® venous invasion,”? lymphovascular in-
vasion,'®'®1922 margin involvement,? differentiation pat-
tern,” preoperative CEA level,’® mucinous component of
>50%,'® tumor grade,?? and tumor length.?? Tumor depth
and lymphovascular invasion have been identified most
often. ELI status, which subdivides tumors invading be-
yond the muscularis propria, is also an indicator related to
tumor depth. The “TNM Supplement: A Commentary on
Uniform Use?®” stated that the pT3 subclassification iden-
tified an extent of disease with a clinically relevant influ-
ence on outcome and could be used to determine the need
for adjuvant chemotherapy.

There is a consensus that pT4 staging indicates a high
risk of recurrence?; thus, the ELI status of patients other
those with pT4a disease is also of great interest. The find-
ings presented in Figure 5, from which patients with pT4a
disease were excluded, show the poor prognosis of patients
with ELI-positive NNCC with pT3 disease and indicate
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Group n 5y % (95% Cl) HR (95% C) 5y % (95% Cl) HR (95% Cl)
1 NO,ELI(-),AC(-) 166 92.9 (88.9-97.0) 0.34(0.16-0.73) 98.1 (95.9-NE) 0.46 (0.20-1.10)
7 N1-2,ELI),AC(+) 41 82.6 (70.9-94.3) 0.79 (0.32-1.95) 97.5 (92.7-NE) 0.70 (0.23-2.09)
3 NO,ELI(+),AC(-) 70 81.1(71.9-904) 1.00 89.6 (82.3-96.9) 1.00

4’ N1-2,ELI{(+),AC(+) 21 76.2 (58.0-94.4) 1.12 (0.40-3.12) 95.2 (86.1-NE) 0.81(0.17-3.75)
5 N1-2,ELI(-),AC(-) 46 59.8 (45.4-74.2) 2,09 (1.04-4.20) 82.0 (70.6-93.3) 1,65 (0.69-3.93)
& N1-2,ELI(+),AC(-) 49 62.5 (48.8-76.2) 221 (1.11-4.47) 80.1 (68.4-91.8) 2.04 (0.88-4.74)

N = nodal status; ELI = elastic laminal invasion; AC = adjuvant chemotherapy; RFS = recurrence-free survival; OS = overall survival; NE = not estimated.

that subclassification by ELI status allows valid conclu-
sions to be made about outcome independent of tumor
staging. The survival of patients with stage Il CRC and pT3
deep tumor invasion (which represented tumors that had
invaded beyond the PEL) has been reported to be equal to
that of patients with stage Il CRC and pT4 disease.” There-
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FIGURE 5. Kaplan-Meier curves depicting recurrence-free (A) and
overall survival (B) of 6 groups of 393 patients who underwent
primary resection for colon cancer, stratified according to elastic
laminal invasion (ELI), lymph node metastasis, and adjuvant
chemotherapy status after exclusion of those with pT4a disease.
The green line represents group 3 excluding those with pT4a
disease (group 3’; node negative, ELI positive, and no adjuvant
chemotherapy).

fore, a deeply invasive pT3 tumor, which fulfills the criteria
for ELI used in this study, is a poor prognostic indicator.

Comparing the prognosis of stage II and IIT CC may
help identify high-risk stage II patients. A small number
of studies have reported the prognosis of stage II along-
side that of stage III disease. The 5-year survival of patients
with Dukes B CC determined to be at high risk by the
Peterson index (43.3%) was worse than that of patients
with Dukes C disease with a single lymph node metastasis
(57.9%).% Patients with stage II CC and perineural inva-
sion had significantly worse outcomes than stage III pa-
tients (5-year disease-free survival of 29% vs 56%; 5-year
OS of 43% vs 67%).?¢ This suggests that the Peterson index
and perineural invasion may also be useful means of iden-
tifying a high-risk group for whom adjuvant chemother-
apy might be recommended. Likewise, the RFS and OS of
patients with ELI-positive NNCC were equivalent to those
of patients with NPCC and pT3 or pT4a histology, corre-
sponding with stage IIIB disease. Thus, ELI status appears
to identify patients with high-risk stage II CC.

There is considerable variability in the incidence of
serosal involvement in patients with Dukes stage B CC
reported in previous studies,”” which may reflect diagnos-
tic difficulties.?®* One difficulty is that mesothelial cells
are fragile, and the serosal surface may easily be disrupted
during surgery and fixation. Another is that inflamma-
tory and desmoplastic stromal reactions are often seen
around the invasive tumor front. These problems can lead
to underestimation of invasion because of the difficulty
of demonstrating tumor cells on the peritoneal surface. In
this regard, ELI may be advantageous because it is assessed
from the inner surface of the serosa and is, therefore, not
influenced by external trauma. Like vascular invasion, tu-
mor spread might also be determined more objectively by
routine elastica staining.’*!

ELI is sometimes affected by the tumor-associated.
inflammation around the invasive tumor front. In such
cases, we speculate that the use of an estimated line and
multiple histologic sections might provide a more pre-
cise and objective diagnosis. Nevertheless, we could not
demonstrate ELI positivity in 2.3% of patients with pT4a
disease. This is likely to be a consequence of marked in-
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flammation at the tumor invasion front, making it im-
possible to determine ELI positivity in some patients
with pT4a disease.

The prediction accuracy of our prognostic stratifica-
tion is a limitation of our study, because we developed the
risk group based only on the training set of 436 patients.
A prospective study is needed to evaluate the validity and
accuracy of our conclusions. Stratifying patients with CC
into 6 groups based on 3 unfavorable factorsled to an anal-
ysis of small subgroups that may not have been capable of
detecting significant differences. Another limitation is that
there was a wide range of H&E- and elastica-stained slides
examined per case, because we did not adopt the protocol
with a predefined the number of blocks and sections. This
could cause bias in the ELI and pT4 rates.

The strength of our study was that not all of the pa-
tients with stage II CC routinely received adjuvant che-
motherapy. If all of the patients predicted to have a poor
outcome had received adjuvant chemotherapy, almost
three quarters would have done so, making any compari-
son impossible.??

CONCLUSION

ELI status predicts prognosis in patients with pT3 and
pT4a CC. Patients with ELI-positive NNCC have a worse
outcome than those with ELI-negative histology and a
prognosis similar to patients with stage III CC who re-
ceived adjuvant chemotherapy. Therefore, although ELI
positivity does not affect prognosis in patients with stage
II CC receiving adjuvant chemotherapy, ELI is a strong
prognostic factor to identify patients with high-risk stage
IT CC. Further prospective studies are needed to prove the
reproducibility and validity of our findings.
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Optimal fixation for total preanalytic phase evaluation in
pathology laboratories. A comprehensive study including
immunohistochemistry, DNA, and mRNA assays
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The purpose of this study was to set the optimal
preanalytical fixation protocol to enhance analytical and
postanalytical phase accuracy and consistency. Twenty-five
normal colorectal tissues were fixed using various formalin
concentrations, pHs, and fixation periods. All specimens
were embedded in paraffin and 4 pm sections were used for
immunohistochemistry of Ki-67, and extraction and amplifi-
cation of DNA and RNA. The Ki-67 labeling index and the
successful gene amplification rate for DNA and mRNA were
evaluated and compared among variously fixed tissue
samples. Ki-67 positivity was enhanced by low pH and short
fixation time, and was influenced by the type of antibody,
but not by the staining (with or without using an autostainer)
method. DNA amplification by PCR was strongly influenced
by pH of formalin. cDNA amplification could be accom-
plished only with the shortest PCR fragment of 142 bp, and
longer fixation times impaired the amplification. These data
suggest that multiple different factors influence immunohis-
tochemical results and gene amplification using DNA and
mRNA. We recommend, based on data from this compre-
hensive analysis, a 10% neutral buffered formalin and fixa-
tion times of no longer than 1 week to produce consistent
immunohistochemical slides and DNA amplification within
500 bp in pathology laboratories.

Key words: fixation, pathology, preanalytic phase

The numerous components of laboratory test processes can
be categorized into preanalytic, analytic, and postanalytic
phases. Many laboratory tests using formalin-fixed and
paraffin-embedded tissue samples in the preanalytic phase
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have been developed. Fixation is one of the most important
steps in the preanalytic phase in pathological testing. Multiple
factors including kinds of fixative, fixation duration, and acidity
levels have been reported to have an effect on immunohisto-
chemical results and gene amplification. For these reasons, a
standardized and optimized fixation protocol for pathology
laboratories would allow for more consistent and accurate
data to be produced and enable better informed decisions
based on the results.™*®

However, the current recommendations for preanalytic
phase testing vary depending on what organ, therapy, or
procedure (such as protein, DNA, or RNA assay) is being
used.®*® Furthermore, most studies investigating the effects
of fixation in laboratory testing have dealt with only one kind of
laboratory test target. A standardized fixation protocol for
pathology laboratories should be made available. We ana-
lyzed Ki-67 immunohistochemistry (IHC) testing and poly-
merase chain reaction (PCR)-based gene amplification using
DNA and mRNA from one samples that was fixed by different
protocols to clarify how variations in fixation influence
postanalytic results in different assays. In regards to IHC
testing, we also evaluated the effect of staining procedures,
autostainer or manual staining, and different antibody clones,
to search for the best way to reduce the effect of
nonstandardized fixation protocols.

In this study, we performed comprehensive analyses using
IHC and PCR procedures on one tissue block to develop an
optimized fixation protocol available for use in pathology
laboratories to enhance testing accuracy and consistency.

MATERIALS AND METHODS
Sample preparation

Twenty-five cases of the normal colorectal tissue samples 2.0
x 1.0 cm in size were obtained from surgically resected
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Table1 Types of fixatives

Fixatives Buffer pH value
10% NeuBF 75
10% NonBF non 4.1
10% at pH 4 100 mM citrate 44
10% at pH 6 100 mM phosphate 6.1
10% at pH 7 100 mM phosphate 7.0
10% at pH 8 100 mM phaosphate 7.9
20% NeuBF 7.5
20% NonBF non 3.8

10% NeuBF, 10% neutral buffered formalin (Wako); 10% NonBF, 10%
formalin; 10% at pH 4, 10% formalin with buffer at pH 4; 10% at pH 6,
10% formalin with buffer at pH 6; 10% at pH 7, 10% formalin with buffer
at pH 7; 10% at pH 8, 10% formalin with buffer at pH 8; 20% NeuBF, 20%
neutral buffered formalin (Wako); 20% NonBF, 20% formalin.

colorectal cancer cases at the National Cancer Center Hos-
pital East between 2011 and 2012. All obtained tissues were
fixed in 100 mL of formalin with various pHs and concentra-
tions within 1 hour after removal from the colon. The eight
types of formalin solutions are shown in Table 1. These
specimens were fixed for 24 h, 48 h, 1 week, or 2 weeks. All
differently fixed tissues were processed using Vacuum
Rotary VRX-23 (Sakura Finetek, Tokyo, Japan), and embed-
ded in paraffin. The present study was approved by the local
research ethics committee of the National Cancer Center
Hospital East (No.21-080).

Immunohistochemistry

The tissue was cut from paraffin blocks in 4 um sections
using a microtome and stretched on a water bath at 43°C,
then mounted on glass slides. The slides were incubated at
37°C overnight. Ki-67 staining was performed manually by
the standard immunohistochemical method. The slides were
deparaffinized in xylene and hydrated in ethanol. Antigen
retrieval was performed with 10 mM citrate buffer (pH 6.0) in
a microwave oven at 95°C for 20 min. Endogenous peroxi-
dase was blocked by incubation for 15 min with 0.3% hydro-
gen peroxidase in methanol. Nonspecific binding was
blocked by incubating in phosphate-buffered saline (PBS)
containing 2% normal swine serum and 0.1% sodium azide
for 30 min. The primary antibody was diluted in PBS contain-
ing 2% normal swine serum and 0.1% sodium azide. The
sections were incubated with mouse anti-human Ki-67 anti-
body with 1:100 dilutions for 1 h at room temperature. The
clone MIB-1 (Dako, Glostrup, Denmark) monoclonal antibody
against Ki-67 was used. After the wash with PBS, slides were
incubated for 30 min using Dako Envision Labelled Polymer-
HRP anti-mouse. The staining was visualized with 3,3’-
diaminobenzidine for 4 min and counterstained with Mayer's
hematoxylin, dehydrated in ethanol, and cleared in xylene.
Other antigen retrieval methods were also performed using

Target Retrieval Solution, pH 9 (Dako) or Dako Proteinase K,
Ready-to-use (Dako).

Additionally, to evaluate the effect of different staining pro-
cedures, the staining for Ki-67 was carried out with a Dako

- Autostainer Link 48 (Dako) and a BenchMark Ultra (Ventana

Medical Systems, Tucson, AZ) according to the manufactur-
er's instructions. The clone used in the autostainer was
MIB-1 in Dako Autostainer Link 48, and it was 30-9 in
BenchMark Ultra; the effect of the different clones was evalu-
ated. Ki-67 stained slides were digitized using Hamamatsu
NanoZoomer (Hamamatsu Photonics, Hamamatsu, Japan),
and then Ki-67 positive nuclei were counted manually using
the hot spot method.’® High power x40 field photos with
0.1 mm? field view were taken and all nuclei and Ki-67 posi-
tive nuclei were counted to evaluate Ki-67 positivity.

Nucleic acids extraction

Nucleic acids were extracted from 10 x 10 um-thick sections
for DNA and from 5 x 10 um-thick sections for RNA using
QlAamp DNA FFPE Tissue Kit (Qiagen, Tokyo, Japan) and
RNeasy FFPE Kit (Qiagen), respectively.

PCR assays

DNA and RNA were assessed by PCR, and 1 uL of the sample
was used as a PCR template. PCR was performed using the
PrimeSTAR Max DNA Polymerase (Takara Bio, Shiga, Japan)
according to the manufacturer's recommendations (thermal
cycling conditions: 35 cycles 0f 98°C for 10 s, 55°C for 5 s, and
72°C for 5 s). RT-PCR was performed using the PrimeScript
RT reagent Kit (Perfect Real Time) (Takara Bio, Shiga, Japan)
for cDNA synthesis using random 6 mers according to the
manufacturer's recommendations (thermal cycling conditions:
1 cycle of 37°C for 15 min and 85°C for 5 s). PCR amplification
of ACTB (142 bp and 307 bp) and GAPDH (500 bp) were
evaluated in genomic DNA. PCR amplification of GAPDH (142
bp) and TBP (161 bp, 252 bp, and 300 bp) were evaluated in
cDNA. The 142 bp fragment of GAPDH and the 161 bp and
300 bp fragments of TBP span 1 intron, and the 252 bp
fragment of TBP spans 2 intron sequences. The primer
sequences are shown in Table $1.2°2' Degraded DNA was
evaluated using an Agilent 2100 Bioanalyzer (Agilent, Santa
Clara, CA, USA).

Statistical analysis

To evaluate the effect of different type of formalin in the result
of Ki-87 positivity, sections fixed with 10% NeuBF were used
as a control, and the differences between the other types
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were evaluated. To evaluate the effect of fixation time in the
result of Ki-67 positivity, sections fixed for 24 h were used as
a control, and sections fixed for 2 weeks were evaluated. To
elucidate the effect of using an autostainer versus manual
staining and of using different antibodies, manual staining
was used as a control.

Student’s ttest was used to determine statistically signifi-
cance differences. The P value was set at 0.05.

RESULTS

Effect of pH and concentration of formalin
in Ki-67 positivity

All sections under various fixation protocols showed nuclear
expression in the basal crypt of epithelial cells in Ki-67 IHC.
Figure 1 shows the Ki-67 positivity by fixation under different
conditions such as various pHs, formalin concentrations, fixa-
tion times, and fixations by manual staining. Compared to the
10% NeuBF fixation, specimens fixed with the low pH forma-
lin of pH 4 showed higher Ki-67 positivity in the 24 h and 48 h
fixations. Ki-67 positivities in 10% NonBF for the 24 h and
48 h fixations, and in 10% formalin at pH 6 for the 48 h
fixation, were significantly higher than that seen in 10%
NeuBF (P < 0.05, Fig. 1a,b). The high pH formalin of pH 7 or
pH 8 tended to show less Ki-67 positivity in the 1 week and 2
week fixations, but it was not statistically significant
(Fig. 1c,d). Ki-67 positivity was not affected by 20% NeuBF
and NonBF. Ki-67 positivity in all fixation protocols was low in
the 2 week fixation when compared to the 1 week fixation.
Furthermore, pH values of NonBF changed from4to 5 or 6
duting the duration of the fixation (Fig. 1e,f).

Effect of fixation time in Ki-67 positivity

The effect of fixation time on Ki-67 positivity was evaluated
under variable fixation times and using different staining pro-
cedures (Fig. 2). Ki-87 positivity was attenuated by longer
fixation time, regardless of the difference in fixatives. Further-
more, this attenuation was notable after 1 or 2 week fixation
(Fig. 2a). The same phenomenon was observed with either
the manual or auto staining (Fig. 2b,c). And the same phe-
nomenon was confirmed by using different antigen retrieval
of pH 9 in manual staining. Sections treated with proteinase
K for 3min or 6 min were also performed, but positive
stainings were not observed (Fig. 2d).

Effect of staining procedure

We evaluated the effect of the staining protocol between the
manual and the autostaining system and also the effect of

© 2014 The Authors

Optimal fixation 211

using different antibodies. Ki-67 positivity was compared
between manual stained and Dako Autostainer Link 48
stained samples using the same MIB-1 antibody. Equivalent
Ki-87 positivity was found between sections stained manualiy
and with the Autostainer Link 48 (Fig. 3). In addition, regard-
less of the difference in the fixation protocol, similar Ki-67
positivity was observed between manual and Dako
Autostainer Link 48 staining. The effect of different antibody
clones on Ki-67 positivity was evaluated by using clones of
MiB-1 (Dako) with manual staining and the Dako Autostainer
Link 48, and by using 30-9 (Ventana) with the BenchMark
Ultra. Ki-67 positivity was much higher in sections using 30-9
and stained by the BenchMark Ultra (Fig. 3). The same ten-
dency was preserved with different fixation solutions. These
results indicated that different clones also have an effect on
Ki-67 positivity.

Figure 4 shows the immunohistochemical staining of the
Ki-67 expressions with different fixatives and fixation periods.
Ki-67 positivity and intensity of expression were different
depending on the fixation protocols. The intensity of Ki-67
(MIB-1) expression in the section fixed by 10% NonBF was
stronger than that seen in samples fixed by 10% NeuBF
(Fig. 4a,b). Fixation for 24 h showed stronger intensity of
Ki-67 (MIB-1) expression than that seen after 2 weeks of
fixation (Fig. 4b,c). In addition, the intensity of clone 30-9
expression by BenchMark Ultra was stronger than that of
MIB-1 and manual staining (Fig. 4a,d). These results show
that not only positivity, but also the staining intensity, were
influenced by the fixation protocol or staining procedure.

Effect of pH and concentration of formalin and fixation
time on PCR assay

Genomic DNA and total RNA were extracted from blocks
using the different fixation protocols. The results of PCR
amplification of different fragment sizes are shown in Table 2.
As for genomic DNA, the success rate of PCR assay was
higher in 10% neutral or high pH formalin fixation than in low
pH (pH 4.1) or 20% formalin fixation. In 10% NeuBF, 10%
formalin at pH 7 or 8 fixations, PCR within 500 bp was suc-
cessfully performed within 2 weeks of fixation time. in low pH
and 20% formalin fixation, the success rate was lower
depending on the fragment size and fixation time. As for the
cDNA from mRNA, perfect amplification was observed only in
short fragments within 252 bp. Fragments of 142 bp were
successfully amplified within 48 h. The success rate was
correlated with the small size of the fragment and short time
of fixation. Figure 5 shows the degree of degradation of
genomic DNA from NeuBF and NonBF under variable fixation
times. Genomic DNA from NonBF increased low molecular
weight smear depending on fixation times. Genomic DNA
from 10% NeuBF was little affected by fixation times.
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Figure 1 The effect of pH value and concentration in formalin with 24 h, 48 h, 1 week, and 2 week fixations by Ki-67 (MIB-1) manual staining.
Box-and-whisker plots for comparison of the rate of Ki-67 positive nuclei stained manually in each fixative. Ki-67 (MIB-1) manually stained from
specimens fixed (a) for 24 h, (b) for 48 h, (c) for 1 week, and (d) for 2 weeks. *P < 0.05. **P< 0.01. Change of pHvalue before and after fixation.
(e) 10% NeuBF for 2 weeks; 10% with buffer at pH (4, 6, 7, and 8) for 2 weeks. 10% NonBF for 24 h, 48 h, 1 week and 2 weeks. (f) 20% NeuBF
for 2 weeks; 20% NonBF for 24 h, 48 h, 1 week and 2 weeks. (e) ==~ 10% NeuBF 2w; —, 10% at pH4 2w; -, 10% at pH6 2w; =, 10%
at pH7 2w; -, 10% at pH8 2w; =, 10% NonBF 24h; -, 10% NonBF 48h; -~~, 10% NonBF 1w; -~ 10% NonBF 2w. (f) -, 20% NeuBF
2w; =, 20% NonBF 24h; == 20% NonBF 48h; =, 20% NonBF 1w; - 20% NonBF 2w.

DISCUSSION assay from formalin fixed, paraffin-embedded tissue samples.
Our study is the first to attempt to establish a standard fixation

Pathology laboratories are required to produce consistent protocol suitable for multiple laboratory tests.
data that are not affected by differences between laboratories. Ki-87 protein expression used in IHC has been utilized for
Recent progress in laboratory testing enables researchers to multiple purposes including pathological diagnoses or thera-
analyze not only protein expression but also DNA and mRNA peutic determinations in many types of cancers. Therefore,
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Figure 2 The effect of fixation time in Ki-67 (MIB-1) positivity using different staining procedures. Positive rate of (a) Ki-67 (MIB-1) staining
manually, (b) Ki-67 (MIB-1) staining using Dako Autostainer Link 48, and (c) Ki-687 (30-9) staining using BenchMark Ultra with the change of
fixaive time for each fixative. (d) The Ki-67 positivity by fixation under 10% NeuBF, 10%NonBF, various fixation times, and fixations by pH 9
antigen retrieval and manual staining. *P < 0.05. **P < 0.01. ¢, 10% NeuBF; B, 10% NonBF; 2, 10% at pH4; =, 10% at pH6; ¢ , 10% at pH7;
%, 10% at pH8; -, 20% NeuBF; #, 20% NonBF.
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we selected the Ki-67 protein to study the effect of fixation
protocols in protein assays. We evaluated the effect of acidity
levels from pH 4 to pH 8, and Ki-67 positivity was strongly
influenced by the pH level of the formalin. Furthermore, the
pH value in non-buffered formalin changed during fixation.
This result suggested that a neutral buffer is absolutely
required to produce consistent data within different pathologi-
cal laboratories, as reported in many recommendations.?

© 2014 The Authors

The concentration of formalin can also be one of the impor-
tant factors to be managed in pathology laboratories.??
However, compared with pH or fixation time, the effect of
fixation was not as substantial, at least between 10% and
20% formalin solutions. As for the fixation times, although
Ki-87 is reported to be robust across fixation times, our
results show marked reduction in the protein expression
between 1 to 2 week fixation, regardless of the different
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Table 2 PCR results in genomic DNA and cDNA

Fixation PCR results in genomic DNA PCR results in cDNA
Fixative time ACTB142bp ACTB307bp GAPDH500bp GAPDH142bp  TBP 161bp TBP 252bp TBP 300bp
10% NeuBF
24h 100% (n=9) 100% (n=9) 100% (n=9) 100% (n=9) 100% (n=9) 100% (n=9) 0% (n=9)
48h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 66.6% (n=3) 0% (n=23)
1w 100% (n=3) 100% (n=3) 100%(n=3) 100% (n=3) 33.3% (n=3) 0% (n=23) 0% (n=3)
2w 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 33.3% (n=3) 0% (n=3)
10% NonBF
24h 100% (n=38) 100% (n=3) 100%(n=3) 100% (n=3) 66.6% (n=3) 66.6% (n=3) 0% (n=3)
48h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 0% (n=23)
1w 50% (n=4) 75% (n=4) 0% (n=4) 100% (n=4) 0% (n=4) 0% (n=4) 0% (n=4)
2w 0% (n=3) 0% (n=3) 0% (n=8) 100% (n=3) 0% (n=23) 0% (n=3) 0% (n=23)
10% at pH 4
24h 66.6% (n=13) 66.6% (n=38) 66.6% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 0% (n=3)
48h 66.6% (n=3) 100% (n=3) 33.3% (n=38) 100% (n=3) 100% (n=3) 33.3% (n=3) 0% (n=3)
1w 0% (n = 3) 0% (n=3) 0% (n=3) 100% (n=8) 0% (n=3) 0% (n=3) 0% (n=3)
2w 0% (n=3) 0% (n=3) 0% (n=3) 33.3% (n=3) 0% (n=3) 0% (n=23) 0% (n=23)
10% at pH 6
24h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=38) 100% (n=3) 66.6% (n=23)
48h 66.6% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=23)
1w 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (1=3) 0% (n=23) 0% (n=23)
2w 100% (n=3) 100% (n=3) 0% (n=3) 100% (n=3) 33.3% (n=23) 0% (n=3) 0% (n=23)
10% at pH 7
24h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=38) 100% (n=3) 0% (n=23)
48h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=3)
iw 100% (n=3) 100% (n=3) 100% (n=23) 100% (n=3) 100% (n=3) 33.3% (n=3) 0% (n=23)
2w 100% (n=38) 100% (n=3) 100% (n=3) 66.6% (n=38) 33.3% (n=3) 33.3% (n=3) 0% (n=23)
10% at pH 8
24h 100% (n=3) 100% (n=3) 100% (n=38) 100% (n=38) 100% (n=3) 100% (n=3) 0% (n=23)
48h 100% (n=3) 100% (n=3) 100% (n=3) 100%(n=38) 66.6%{n=3) 333%(n=8) 0% (n=23)
1w 100% (n1=3) 100% (n=3) 100% (n=38) 100% (n=3) 33.3% (n=3) 0% (n=23) 0% (n=23)
2w 100% (n=8) 100% (n=3) 100% (n=3) 100% (n=8) 33.3% (n=3) 0% (n=23) 0% (n=3)
20% NeuBF
24h 100% (n=38) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=23)
48h  100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=3)
1w 100% (n=3) 100% (n=3) 100% (n=38) 100% (n=38) 33.3% (n=3) 0% (n=23) 0% (n=3)
2w 100% (n=3) 100% (n=3) 33.3% (n=3) 100% (n=3) 33.3% (n=3) 33.3%(n=3) 0% (n=3)
20% NonBF
24h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 33.3% (n=3) 0% (n=3)
48h 66.6% (n=3) 33.3% (n=23) 33.3% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=3)
1w 66.6% (n=3) 0% (n=3) 0% (n=3) 66.6% (nN=3) 33.3% (n=3) 0% (n=23) 0% (n=73)
2w 0% (n = 3) 0% (n = 3) 0% (n = 3) 33.3% (n1=3) 0% {n=3) 0% (n=3) 0% (n=23)

ACTB, beta-actin; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; TBP, TATA-binding protein.

fixatives or clones used.® Therefore, fixation times no longer
than 1 week can be a practical standard for IHC. Use of an
autostainer can provide stable IHC data, and the consistent
data between autostaining and manual staining supports the
routine utility of an autostainer after the establishment of a
proper staining protocol. However, the clones must be
chosen carefully because Ki-67 positivity was different
between clones of MIB-1 and 30-9. In addition, fixation with
low pH showed higher Ki-87 positivity, but may not produce a
consistent result. Therefore, we must be aware that a proto-
col with higher Ki-87 positivity may not always be the best to
produce consistent data.

In addition to the IHC, DNA and RNA assays are increas-
ingly required to be performed on one sample embedded in

paraffin. In those cases, stable PCR gene amplification is
required in the analytical phase. It has been reported that
acidic pH levels cause degradation of nucleic acids, and we
also confirmed that the success rate of PCR gene amplifica-
tion was lower in a pH 4 fixation.?* As for genomic DNA, using
10% and 20% NeuBF, we consistently performed PCR
assays of DNA amplification for those fragments shorter than
or equal to 500 bp that had been fixed for between 24 h to 1
week. These data also support the use of NeuBF. As for
cDNA from mRNA, the amplification was largely dependent
on the length of the product size. However, the shortest
fragment of 142 bp was successfully amplified after 1 week in
NeuBF. These results also indicated it would be practical to
use NeuBF solution and fixation times of between 24 h to 1
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Figure4 The immunohistochemical
staining of Ki-67 expression with different
fixatives and fixation periods. Ki-67 (MIB-1)
staining manually (a-¢), and Ki-67 (30-9)
staining using BenchMark Ultra (d) of
normal colonic mucosa according to the
fixatives and fixation times. (a, d) 10%
NeuBF for 24 h, (b) 10% NonBF for 24 h,
(c) 10% with buffer at pH 4 for 2 weeks.
Bar: 50 um.
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Figure 5 The degree of degradation of genomic DNA from NeuBF
and NonBF under variable fixation times. L: Ladder; Lane 1: 10%
NeuBF for 24 h; Lane 2: 10% NeuBF for 48 h; Lane 3: 10% NeuBF
for 1 week; Lane 4: 10% NeuBF 2 weeks; Lane 5: 10% NonBF for
24 h: Lane 6: 10% NonBF for 48 h; Lane 7: 10% NonBF for 1 week;
Lane 8: 10% NonBF for 2 weeks; Lane 3: 20% NonBF for 24 h; Lane
10: 20% NonBF for 48 h; Lane 11: 20% NonBF for 1 week.

week in the evaluation of DNA and RNA assays. Recently,
alternative fixative with better preservation of nuclear acid
than formaldehyde were reported.? Such a fixative may also
be available when longer fragment analysis was required for
the pathology laboratory in the future. On the other hand, at
present, it is thought that NeuBF is a superior fixative for both
protein and nucleic acids than NonBF.26:27

In conclusion, fixation protocols must be standardized to
provide consistent result from multiple assays performed in
different pathology laboratories. Taking these comprehensive
results together, we recommend 10% NeuBF solution and
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fixation time of no longer than 1 week to obtain a uniform
result in IHC, DNA, and RNA assays.
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