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Abstract

Making a distinction between adenoma, intramucosal carcinoma, and invasive carcinoma on small biopsies of colon polypoid lesions can occasionally pose a challenge
to pathologists. In our study, we aimed to assess the staining patterns and utilities of the two immunohistochemical stains CAMS5.2 and caldesmon in helping with this
endeavor. Routinely processed colon polyps biopsies’specimens from 57 patients with CAMS5.2 and caldesmon ordered were reviewed by three pathologists. We found
CAMS5.2 and caldesmon to be very useful in classifying these colon polypoid lesions. CAMS5.2 highlighted single cells and cribriform architecture. Caldesmon stained
the lamina propria, the smooth muscle, and the desmoplastic stroma surrounding invasive tumor in colonic submucosa with different morphologic characteristics.
First, in the lamina propria, caldesmon was mostly negative with faint brown lines surrounding glands and small vessels. Second, in the smooth muscle of muscularis
mucosa, caldesmon stained the cytoplasm lightly with solid and diffuse pattern. Third, in the desmoplastic area of the submucosa, caldesmon stained the cytoplasm
strongly with a clear space or groove seen at the middle of the cytoplasm (tram-tracking appearance). We described our findings in this study with hope that more

pathologists will utilize these two stains in their common practice to reliably diagnose invasion by colon carcinoma.

Introduction

Colon biopsies are very common pathological specimens in most
pathology practices. The purposes of most colon biopsies are to rule
out malignancies in polypoid lesions seen in the gastrointestinal tract
during endoscopy. Per WHO Classification of Tumors of the Digestive
System 4™ edition, lesions that are confined to the lamina propria
without invasion through the muscularis mucosa into the submucosa
have virtually no risk of metastasis. Thus, dysplastic lesions restricted
to the mucosa (premalignant) are termed either adenoma (low grade
intraepithelial neoplasia or LGIN) or intramucosal carcinoma (high
grade intraepithelial neoplasia or HGIN). Dysplastic glandular lesions
that invade into the submucosa (malignant) are termed invasive
adenocarcinoma (or IC). Making the distinctions between these three
entities (LGIN, HGIN and IC) is crucial because patients with HGIN or
IC may require a colectomy rather than polypectomy. This important
task can occasionally pose a challenge to pathologists, especially in
small and fragmented biopsies.

Traditionally, HGIN is identified through finding architectural
complexity and/or cytologic atypia that are more malignant-appearing
than seen in LGIN [1]. High grade architecture changes show classic
cribriform architecture with back-to-back crowded glands. Invasive
carcinoma, on the other hand, is confirmed through assessing for
desmoplasia or desmoplastic reaction in the stroma surrounding
the dysplastic glands. Stromal fibroblasts surrounding tumors in the
submucosa are activated and transformed to become myfibroblasts [2].

Immunohistochemical (IHC) stains have been very useful in
determining the origin and differentiation of GI tract tumors [3].
However, very few publications are found regarding the roles of IHC
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stains in assisting to distinguish benign versus malignant colon polyps
[4]. At our institution, we created a panel of stains consisting of CAM5.2
and caldesmon to help with this endeavor.

CAM5.2 is a low molecular weight cytokeratin stain that is
commonly used to highlight epithelial cells. CAM5.2 has been reported
to be useful for detecting lymph node micrometastasis or isolated
tumor cells in various carcinomas [5].

Caldesmon is a protein that regulates myosin activity in smooth
muscle cells. The role of caldesmon has been studied in both benign
and malignant lesions. Per recent literature, the stain can be used
to distinguish smooth muscle cells from other cells such as from
myofibroblastic cells in skin lesions or stromal cells in endometrial
stromal tumors [6,7]. Caldesmon has also been studied for its utility in
differentiating between pT3 and pT4 colorectal cancer [8].

In our study, we assess the staining patterns and utilities of
these two IHC stains in the aforementioned task. To the best of
our knowledge, this is the first study where both CAMS5.2 and
caldesmon are evaluated simultaneously to assess their usefulness in
distinguishing between high grade dysplasia and invasion of the colon
polypoid malignancies.
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Material and methods

57 cases of colon polyps’ biopsies with CAM5.2 and caldesmon
ordered between January 2016 and July 2018 (period of 2.5 years) were
found. Per our pathologists’ consensus, the two IHC stains were ordered
on cases where there was doubt on H&E stained specimens whether the
dysplastic cells showed high grade features or whether the dysplastic
cells showed invasion into the lamina propria or the submucosa based
on the induction of myofibroblasts.

Immunohistochemistry was performed on 4 um-thick formalin-
fixed, paraffin-embedded tissue. The following antibodies were
used: CAMS5.2 (Roche, Pleasanton, CA), and caldesmon (clone E89;
CellMarque, Pasadena, CA). Tissue sections were incubated with the
primary antibody for a total of thirty minutes by Heat Induced Epitope
Retrieval, subsequently washed with phosphate buffered saline, and
then incubated with a secondary antibody that was conjugated with
horseradish peroxidase. The whole staining process was done using
Ventana Benchmark XT.

The 57 cases’ slides were reviewed by three pathologists, one
resident (LN) and two attendings (SF and PJ), to look for the findings
of single cells, cribriform architecture, and desmoplastic patterns with
assist of the IHC stains (Table 1). The cases were randomized and the
reviewers did not know the cases’ final pathology diagnosis.

Results

Out of 57 cases, 9 cases’ the final diagnosis were LGIN, 16 cases
were diagnosed as HGIN, and 32 cases were diagnosed as IC.

We found CAM5.2 and caldesmon to be very useful in classifying
these colon polypoid lesions. CAM5.2 highlights single cells and
cribriform architecture (Figure 1). Caldesmon stained the lamina
propria, the smooth muscle, and desmoplastic stroma with different
morphologic characteristics (Figure 2).

Caldesmon showed three different patterns. First, in the lamina
propria, caldesmon was mostly negative with faint brown lines
surrounding glands and small vessels. Second, in the smooth muscle of
muscularis mucosa, caldesmon stained the cytoplasm lightly with solid
and diffuse pattern. Third, in the desmoplastic area of the submucosa,
caldesmon stained the cytoplasm strongly with the clear space or
groove seen at the middle of the cytoplasm. The desmoplastic cells were
closely packed and formed thickened bands of cells that ran parallel
along the tumor cell borders.

Desmoplastic stroma consisted of proliferating myofibroblasts that
indicate submucosal invasion. The proliferating myofibroblasts formed
a slit-like unstained space in the middle of cytoplasm, whereas the
smooth muscle cells stained throughout the cytoplasm as a solid sheet
(Figures 2D, 2E, 2F).

No notable discrepancies were seen in interpretation between the
three evaluators. All 9 cases of LGIN were negative for the three criteria
evaluated (single cells, cribriform architecture and desmoplasia). 2 out
of 16 cases of HGIN showed single cells and 16 out of 16 cases of HGIN
showed cribriform architecture. 12 out of 32 cases of IC showed single
cells, and 32 out of 32 cases of IC showed cribriform architecture. All 32

Table 1. Template that the pathologists used to evaluate the three criteria in 57 cases. The
pathologists did not knowthe final diagnosis (blinded study). The presence of a positive
finding was check-marked

‘ Case Number Single cells Cribriform pattern Desmoplasia ‘

‘ Example 1 v ‘
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Table 2. Summary of result from pathologists reviewing 57 cases’ slides

Single cells Cribriform pattern Desmoplasia
LGIN (9 cases) 0/9 (0%) 0/9 (0%) 0/9 (0%)
HGIN (16 cases) 2/16 (13%) 16/16 (100%) 0/16 (0%)
IC (32 cases) 12/32 (38%) 32/32(100%) 32/32 (100%)
Total (57 cases)

Figure 1. Immunostain of CAMS.2. A. CAMS.2 (40x) highlighted single cells in a case of
HGIN. B. CAMS.2 (4x) highlighted cribriform architecture in a case of HGIN

cases of IC showed the strong tram-track pattern of desmoplasia which
stained positive for caldesmon. All 9 cases of LGIN and 16 cases of
HGIN were negative for this desmoplasia staining pattern. Frequency
of positive findings are summarized in Table 2.

Out of the 57 cases, we found the two HGIN cases showing single
cells particularly interesting since finding single cells was usually a
criteria in poorly differentiated carcinoma. Colectomy was done for one
case and follow up colonoscopy was done for the other case. No residual
tumor nor evidence of invasion was seen for subsequent specimens in
both cases, consistent with intraepithelial neoplasm diagnosis.

Follow-ups for the remaining cases showed no significant
discordance with the biopsies’ results.

Discussion

In this study, we established the positive patterns of staining,
and subsequently determined the frequency of positive findings with
the hope that more pathologists will utilize these two stains in their
common practice to reliably diagnose invasion by colon carcinoma
in colon polyps’ biopsies. With the assist of IHC stains, cribriform
architecture was identified in all cases of high grade lesions and invasive
cancer and desmoplasia was identified in all cases of invasive cancer.
In cases of colon polyp biopsies where H&E are hard to interpret, we
recommend using CAM5.2 and caldesmon to help in making and/or
confirming diagnosis.

Single cells in the lamina propria (Figure 1) were identified in
2/16(13%) of HGIN. In these two cases, single cells were not associated
with desmoplasia, and the stroma surrounding these cells and nearby
dysplastic glands were of lamina propria nature (Figure 1). Thus, we are
hesitant in calling this invasion. And even if these single cells have been
considered poorly differentiated cancer, in one study, follow-ups of 15
cases of poorly differentiated colon carcinoma with invasion restricted
to lamina propria showed no evidence of residual tumor nor invasion
[9], similar to the follow-ups of our two cases (see Result section
above). Another possibility is that these single cells represent misplaced
epithelium, although this term is generally reserved for noninvasive
glands seen in submucosa.

Single cells were identified in 12/32 (38%) of IC. This is slightly
lower than the reported rate of tumor budding frequencies reported in
the past literatures (41-75% [10,11]). This could be due to the fact that
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Figure 2. Utility of caldesmon. A. (20x) Caldesmon stained lamina propria (above) with faint brown thin lines surrounding small blood vessels while staining smooth muscle (below) as
diffuse solid sheets. B. (20x) Caldesmon stained desmoplasia (left) strongly with clear space seen in cytoplasm while staining lamina propria (right) with thin lines C. (2x) H&E low power
gave an impression of a villotubular adenoma with a focus of high grade dysplasia (bottom right) D. (20x) H&E high power of same focus showed the stroma to have mixed inflammatory
cells and spindled cells, desmoplasia cannot be determined definitively E. (20x) Caldesmon stained the cytoplasm with clear spaces seen, confirming desmoplasia and diagnosis of invasive
adenocarcinoma arising from villotubular adenoma F. (20x) Caldesmon stained the cytoplasm with the “tram-tracking appearance”: The desmoplastic cells were closely packed and formed
thickened bands parallel along the tumor cell borders. G. (40x) A clear straight line was seen running along the middle of the cytoplasm of a desmoplastic myofibroblast (arrow), consistent
with desmoplasia. H. (100x) Clear straight lines were seen inside the cytoplasm of multiple desmoplastic cells (arrows)

we did not order CAMS5.2 and caldesmon on clear-cut malignant cases.
Tumor budding has been proven to be associated with worse prognosis
in multiple papers. With this study, we can confirm that CAM5.2 is an
excellent stain to evaluate for tumor budding.

Formation of desmoplasia, including epithelial and stromal
interaction, is also frequently studied in colon cancer [12]. MMP-1,
p53, E-cadherin, and collagen IV ITHC stains have been used to confirm
desmoplasia to distinguish adenomas with misplaced epithelium versus
invasive adenocarcinoma [4]. Caldesmon, to the best of our knowledge,
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has not been evaluated in the purpose of confirming desmoplasia in
colon cancer. We suspect caldesmon would also be useful in identifying
misplaced epithelium as opposed to invasive adenocarcinoma in the
submucosa.

The subtype of desmoplastic pattern at the tumor front can also
influence prognosis of colon cancer [12]. In our experience, caldesmon
works best at identifying desmoplasia, while AB/PAS may be a better
stain to distinguish different types of desmoplasia, such as hyalinized
collagen from myxoid stroma.
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Future studies

We plan to study and utilize this combination of the two stains to

differentiate reactive changes versus invasive malignancies in pancreatic
tumors.
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