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Immunohistochemical expression profiles of Neuroendocrine biomarkers in Human Normal FFPE Tissue Specimens and a review of literature 

Background
Insulinoma-Associated Protein 1 (INSM1) 
encodes a protein that plays a key role in the 
development and differentiation of 
neuroendocrine cells.7-9 More recently, it has 
emerged as a useful adjunct biomarker—
alongside chromogranin A (CGA), 
synaptophysin (SYP), and CD56—for identifying 
neuroendocrine neoplasms.2,8 Although INSM1 
expression has been extensively studied in 
neuroendocrine tumors and other neoplasms, 
its immunohistochemical (IHC) profile in normal 
human tissues remains less well characterized.

Objectives:
1. To characterize the IHC staining profile of 

INSM1 in normal human tissue specimens. 
2. To compare the IHC staining profile of 

INSM1 with established neuroendocrine 
biomarkers, including CGA, SYP, and 
CD56.

3. To integrate and analyze our findings in the 
context of current literature.

Material and methods
A total of 30 distinct formalin-fixed, paraffin-
embedded (FFPE) human tissue specimens 
from various tissue microarrays were evaluated 
using the Tissue-Tek Genie® Advanced 
Staining System in conjunction with the Tissue-
Tek Genie® Pro Detection Kit DAB. Of these, 
13 tissue types were excluded due to sample 
loss or incomplete antibody staining across all 
four antibodies. Consequently, 86 tissue 
specimens representing 17 unique tissue types 
were included in the final analysis. 
Immunohistochemical assays were performed 
with the following antibodies and its 
recommended protocols: (1) CD56, clone 
MRQ-42 (Sakura Finetek USA), (2) SYP, clone 
BS15 (Sakura Finetek USA), (3) INSM1, clone 
ZR395 (Sakura Finetek USA), (4) CGA, clone 
LK2H10 (Sakura Finetek USA). Staining 
evaluation was independently conducted by 
two pathologists and one internal reviewer. 
Representative photomicrographs were 
acquired using an Olympus Microscope BX43 
and a Camera DP28.
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Results

No. Tissue type Cells Reference
1 Adrenal Medulla Medullary cells ( 2/2) [1, 2, 7, 8, 11, 13, 17, 19]
2 Pancreas Islets of Langerhans (10/10) [1, 2, 5, 7, 8, 13, 16, 17]

3 Appendix/Colon
Neuroendocrine and Neuronal 

cells (17/17)
[1, 3, 7, 8, 12, 13, 17, 20, 26]

4 Pituitary Gland Endocrine cells (1/1) [1, 10, 13, 17]
5 Placenta Cytotrophoblasts (0/2) [8, 32]
6 Small Intestine Neuroendocrine cells (4/4) [1, 8, 13, 17, 25, 26]
7 Stomach Neuroendocrine cells (2/2) [1, 2, 7, 8, 12, 13, 17, 25, 26]
8 Thymus Epithelial cells (1/1) [6, 8, 33]

No. Tissue Type
Cell types 

Reference
SYP CGA INSM1 CD56

1
Adrenal 
cortex

Adrenocortical 
cells (4/4)

Adrenocortical 
cells (1/4)*

-
Adrenocortical 

cells (2/4)
[1, 2, 7, 8, 11, 

13, 17, 19]

2
Appendix/

Colon
Goblet cells 

(2/17)
Goblet cells* 

(1/17)
Immune cells 

(2/17)*

Stromal cells 
(11/17) 

NK T-cells (7/17)

[1, 3, 7, 8, 12, 
13, 17, 20, 
26-29, 31]

3 Cerebrum 
Neuronal cells 

(1/1)
Neuronal 
cells(1/1)

-
Neuronal cells 

(1/1)
[5, 7, 13, 15]

4 Cerebellum
Neuronal cells 

and axons (1/1)
- -

Neuronal and glial 
cells (1/1)

[7, 13, 35]

5 Liver - - - NK T-cells (9/9) [27]

6
Small 

intestine
Goblet cells 

(2/4)
Goblet cells (1/4)* -

Neuronal/Glial 
cells (2/4)

NK T-cells (1/4) 
Stromal cells (2/4)

[1,3, 7, 8, 12, 
13, 17, 20, 
25-29, 31]

7 Spleen - - - NK T-cells (3/3) [27, 34]

8 Stomach
Goblet cells 

(1/2)
Goblet cells (2/2)* - -

[2, 7, 8, 12, 
13, 17, 25, 27]

9 Testis - - - Leydig cells (2/2) [1, 8]

10 Tonsil - -
Immune cells 

(19/23)*
NK T-cells (23/23)

[7, 27, 34]

Table 1. The Same Staining Profiles of Normal Human Tissue Specimens for neuroendocrine biomarkers and published literature. 
All four neuroendocrine biomarkers (SYP, CGA, INSM1, and CD56) exhibited consistent staining across the same normal tissue types 
and specific cell populations, with findings supported by established literature based on a total of 39 tissue specimens from 8 different 
tissue types. SYP and CGA exhibited a cytoplasmic staining pattern.  CD56 exhibited a cytoplasmic/membranous staining pattern. 
INSM1 exhibited a nuclear staining pattern. Most exhibit moderate to strong positive staining as described in Table 1.  

Table 3. Staining profile observed across SYP, CGA, INSM1, and CD56 that are not well documented in literature. 
A total of 5 tissue specimens from 3 different tissue types exhibited different staining profiles. 

Table 2. Variable Staining Profiles on Normal Human Tissue Specimens between Neuroendocrine biomarkers and literature. 
Four neuroendocrine biomarkers (SYP, CGA, INSM1, and CD56) exhibited different staining profiles across 67 tissue specimens from 10 
different tissue types of the same normal tissue types and specific cell populations, where the findings were supported by established 
literature.  However, a few(*) were not documented in literature. A negative result (-) indicates a lack of staining for a given biomarker in 
the corresponding tissue type. Most exhibit a weak to strong staining as described in Table 2. Figure 1. Comparison of Staining Profiles in Normal Tissue Specimens Using SYP, CGA, INSM1, and CD56 with Reference to Literature

Representative photomics (IHC, 400x) exhibited cytoplasmic staining of islets of Langerhans in pancreas when using SYP (A) and CGA (B), while nuclear and membranous/cytoplasmic staining were observed when using INSM1 (C) and CD56 (D), 
respectively. Representative photomics (IHC, 200x) exhibited cytoplasmic staining of neuroendocrine cells and occasional goblet cells in small intestine when using SYP (E) and CGA (F), while distinct nuclear staining was observed when using 
INSM1 (G). Membranous/cytoplasmic staining was also observed in neuroendocrine cells as well as stromal cells of small intestine when using CD56 (H). Representative photomics (IHC, 400x) exhibited cytoplasmic staining of adrenocortical cells 
when using SYP (I) and CGA (J), while no staining was observed when using INSM1 (K). Focal membranous staining of adrenocortical cells was observed when using CD56 (L). Representative photomics (IHC, 200x) exhibited no cytoplasmic 
staining of immune cells when using SYP (M) and CGA (N), respectively. Scattered nuclear staining of immune cells in tonsil were observed when using INSM1 (O) while NK-T cells and stromal cells were observed when using CD56 (P).No. Tissue Type

Cell types 
SYP CGA INSM1 CD56

1
Cardiac 
Muscle

Muscle cells (0/1) Muscle cells (0/1) Muscle cells (0/1) Muscle cells (0/1)

2 Kidney Epithelial cells (0/3)
Epithelial cells 

(0/3)
Epithelial cells (0/3) Epithelial cells (0/3)

3 Omentum Adipocytes (0/1) Adipocytes (0/1) Adipocytes (0/1) Adipocytes (0/1)

CGA INSM1 CD56SYP
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Conclusion

▪ INSM1 clone ZR395 staining in normal human tissues was generally consistent with published data, showing positivity in tissues and cell types with 
neuroendocrine differentiation.

▪ Unlike other neuroendocrine biomarkers, INSM1 clone ZR395 demonstrated no staining in neuronal cells, adrenocortical cells, or goblet cells. 
Interestingly, INSM1 clone ZR395 showed unexpected positivity in immune cells (T-cells and dendritic cells), which, to our knowledge, has not been 
reported in the literature.

▪ Overall, most findings for all neuroendocrine biomarkers aligned with published data, with the exception of CGA, which showed positive staining in 
goblet and adrenocortical cells. No staining was observed with any neuroendocrine biomarker in cardiac muscle, kidney, or omentum.

▪ Further studies with a larger sample size are warranted to confirm these observations.

Disclosures: None. Disclaimer: This study does not promote any in-vitro diagnostic use.
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