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Introduction 

Intracranial cysts are common findings in the general population, particularly during childhood. (1) These 

cysts exhibit diverse histopathology presentations; they vary in location and symptoms. (2) Studying the origin 

and immunobiological features of brain cysts may help understand their pathogenesis and lead to advancement 

in treatment methods. 

Cytokeratin 19 (K19, CK19) is a type 1 acidic cytoplasmic intermediate filament (IF) protein found in 

epithelial cells and, like other keratins, it plays a crucial role in preserving their structural integrity. (3,4). K19 

structure contains 399 amino acids made up of 3 domains: a head, a central rod, and a unique tail, The 

uniqueness of a K19 tail lies in the fact that it’s a short helical C-terminal domain, unlike all the other keratins 

which typically possess a longer tail.  K19 is the smallest IF protein at 40 kDa due to its notably short carboxyl-

Abstract 

Background: Intracranial brain cysts may have a congenital origin and possibly an ectodermal 

origin. The exact origin of some of these cysts is still obscure. Cytokeratin 19 is a 40 kDa protein 

specifically expressed in the periderm, a transiently superficial layer enveloping the developing 

epidermis. 

Material and methods: Cytokeratin 19 staining was performed on all cystic brain lesions 

diagnosed in our lab, totaling 105 brain cystic lesions. These included 28 epidermoid cysts 

(tumor), 16 colloid cysts, 6 arachnoid cysts, 7 Rathke's cleft cysts, 2 neuroglial cysts, 44 

craniopharyngiomas, one neurenteric cyst, one dermoid cyst. 

Results: Cytokeratin 19 was expressed in 28 out of 28 epidermoid cysts, 16 out of 16 colloid 

cysts, 6 out of 6 arachnoid cysts, 7 out of 7 Rathke's cleft cysts, 2 out of 2 neuroglial cysts, and 

44 out of 44 craniopharyngiomas, as well as one neurenteric cyst and one dermoid cyst. 

Conclusions:  Cytokeratin 19 is expressed in almost all brain cysts examined. However, it does 

not differentiate one brain cyst type from another. This expression is probably because 

cytokeratin 19 is expressed in embryological epithelial cells of the epidermis, which may be the 

origin of most brain cysts. This finding point that almost all brain cysts are congenital in origin. 
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terminal tail (13-residue long). (4–7) 

Cytokeratin 19, among other lightweight intermediate filaments (IFs), is typically found in simple non-

stratified epithelia, including the lining of the intestines, kidney ducts, secretory gland cells, mesothelium, 

gallbladder, hepatic and pancreatic ducts, endometrium, fallopian tubes, breast, bladder, lungs, thyroid 

epithelium, and ovarian epithelium. (6,8)  

 

The periderm is a specialized layer that emerges in the ectoderm around the fourth week of development. This 

layer exists temporarily during embryonic development and is shed before birth. It serves as a non-adhesive 

surface, preventing epithelial cell-to-cell adhesions that could lead to birth defects and fusions. (9) 

In the early stages of embryological development, K19-positive embryological cells in the ectoderm can be 

identified as early as 6-8 days. However, their presence gradually diminishes as development progresses, 

eventually becoming undetectable in fetal skin by approximately weeks 18-20 of fetal life. (10) 

Numerous studies have suggested that K19 could serve as an indicator of pluripotent stem cells (7,11). One 

study supporting this theory specifically focused on labeling the bulge area of the hair root sheath (7), a well-

known location for housing stem cells (12). Stem cells are characterized by their extended cell cycle and 

infrequent division. Due to their longevity, pluripotent stem cells also retain H3 thymidine for an extended 

time. In a study, a comparison between foreskin samples obtained from a 2-day-old donor and a 42-year-old 

donor revealed a significant decrease in K19-retaining cells in the older donor, supporting the notion that these 

cells may indeed be stem cells (7). The observed decline of these cells over time aligns with the idea that as 

individuals age, the presence of stem cells naturally decreases. This finding explains why wounds and burns 

tend to take longer to heal in older individuals, as the diminished population of these cells may contribute to 

a slower regenerative response. (13,14) 

 

Material and Methods  

All cases diagnosed as brain cysts in our lab from 2005 to 2023 were reviewed. The types of cysts that were 

identified are as follows: 28 epidermoid cysts (tumor), 16 colloid cysts, 6 arachnoid cysts, 7 Rathke’s cleft 

cysts, 44 craniopharyngioma, 2 neuroglial cysts, one neurenteric cyst, and one dermoid cyst. 

 

Cytokeratin 19 (Dako: 1/100) staining was performed on all cases, with one representative paraffin block of 

formalin-fixed sections selected for each. 
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Results 

Cytokeratin 19 was expressed in 28 out of 28 epidermoid cysts [Figure 1A], 16 out of 16 colloid cysts [Figure 

1B], 6 out of 6 arachnoid cysts, 7 out of 7 Rathke’s cleft cysts, 2 out of 2 neuroglial cysts [Figure 1C]and 44 

out of 44 craniopharyngiomas [Figure 1D], one neuroenteric cyst and one dermoid cyst.  

 

 

Figure 1 (A) positive K19 staining of an epidermoid cyst (B) positive K19 staining of a colloid cyst (C) 

positive K19 staining of a neuroglial cyst (D) positive K19 staining of craniopharyngioma 

 

Discussion 

Brain cysts have been theorized to have embryological and possibly ectodermal origins. In this study, we 

provide further support for this theory through these cysts' strong positivity of cytokeratin 19. 

In this review, we will discuss the value and significance of cytokeratin 19 in each type of brain cyst. 

Craniopharyngiomas are benign primary brain cysts typically found in childhood. Despite their benign nature, 

these cysts often adhere to surrounding structures, including the hypothalamus, infundibular stalk, and basal 

blood vessels. (15) The adamantinomatous subtype of craniopharyngiomas exhibits genetic and histological 

similarities to tumors found in the jaw, such as calcifying odontogenic cysts and ameloblastomas. This 

resemblance suggests a potential origin from odontogenic epithelium. (16,17) 
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It is theorized that craniopharyngiomas arise from remnants of either the craniopharyngeal duct or Rathke's 

pouch, both of which originate from the stomadeum, a structure derived from the ectodermal surface. (18) 

During embryonic development, Rathke's pouch and the inferior infundibulum come into contact around the 

fourth week and subsequently fuse by the eighth week, forming the craniopharyngeal canal. (19,20) This 

embryological theory finds support in the discovery of epithelial cells between the roof of the pharynx and the 

third ventricle floor, primarily along the anterior part of the infundibulum and the superior anterior part of the 

adenohypophysis. These are sites previously occupied by Rathke's pouch and the craniopharyngeal canal. (19) 

Positive immunostaining for K19 provides further support for this embryological origin. K19 persists in the 

periderm and basal layer until 18-20 weeks of gestation when it completely disappears from the skin. (21) 

This observation could suggest an embryonal epithelial origin for craniopharyngioma. 

While it is believed that craniopharyngiomas and Rathke's cleft cysts both originate from Rathke's pouch, they 

are typically easily distinguishable from each other. However, in some cases, the cysts might present with 

epithelial squamous or columnar neoplastic cells, without the characteristic features such as nodules of 

craniopharyngiomas or the unambiguous cells of Rathke's cleft cysts. (22)  

 

In 2002, a study investigated cytokeratin 19 expression in these two cysts among other cytokeratins. Both 

cysts tested positive for K19, but craniopharyngiomas had >50% of their cells positively stained, while 

Rathke's cleft cyst cells were only 25%-50% positively stained. This is an important observation, as the origin 

of Rathke's cleft cyst is a subject of debate, it's endodermal or ectodermal in origin, but it's generally accepted 

to be congenital. (22–24) 

Epidermoid cysts are rare, accounting for 1-2% of all intracranial tumors. These congenital tumors exhibit a 

very slow growth pattern, similar to that of epidermal cells. (25) It is hypothesized that they develop from 

residual epidermal cells abandoned after the neural groove's closure and the ectoderm's separation from the 

neural tube, which happens between 3 and 4 weeks of development. (26) 

Arachnoid cysts are the most prevalent type of intracranial cysts. (27) The origin of arachnoid cysts has been 

debated for quite some time. Various studies have proposed different theories. They may be secondary due to 

acquired factors such as trauma, infections, or hemorrhage. Or primary congenital in origin. (28,29) Our 

discovery of CK19 within these cysts suggests the congenital origin of those cysts. 

Neuroglial cysts are very rare cysts recognized as congenital benign neuroepithelial cysts. (30) It is widely 

believed that segments of the neural tube that correspond to tela choroidea are displaced towards the 

subarachnoid space. This may explain their presence in diverse locations and the variability in their structure. 

(31) 

Colloid cysts once believed to originate from the ectoderm, are now recognized as having an endodermal 
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origin. (32) A study conducted in 1989 found that colloid cysts had an intense reaction to CK 19, unlike the 

choroid plexus, which initially led to the belief that they were ectodermal in origin. (33) However, recent 

studies have strongly suggested an endodermal origin. An extensive recent immunohistochemistry study of 

colloid cysts and the choroid plexus reveals more similarities between the cysts' staining and that of the 

respiratory tract and certain endodermal differentiated cysts. While this points towards an endodermal origin, 

some similarities with certain ectodermal differentiated cysts were also observed. (34) 

 

Neurenteric intracranial cysts are extremely rare congenital benign cysts of endodermal origin. The exact cause 

of these cysts is not fully understood. (35) According to an accepted theory, a failure in the separation of the 

notochord and foregut results in the incorporation of primitive endodermal cells into the notochord. These 

displaced clusters of alimentary tissue eventually develop into cysts. However, this theory fails to account for 

the varied locations where these cysts can originate, particularly within the supratentorial region. (35,36) 

 

Dermoid cysts are benign, slow-growing neoplasms, that are established as a congenital anomaly that forms 

due to ectopic ectodermal tissue within the brain at the time of the neural groove closure. (37) 

 

In Summary: Cytokeratin 19 is present in primitive epithelial cells. The presence of K19 staining in brain cysts 

mentioned above does not necessarily support or rule out ectodermal or endodermal origin. However, it 

indicates that these cysts are of embryologic origin, rather than acquired cysts. Additional immunohistological 

investigations are suggested to offer a clearer understanding of the source of these cysts. 
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