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Interesting Images
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Abstract: The patient was a 44-year-old woman with Stevens–Johnson syndrome due to receiving
Baktar® (sulfamethoxazole trimethoprim) medication at our outpatient dermatology clinic. The epi-
dermis, dermis, and subcutaneous adipose tissue samples showed numerous necrotic keratinocytes
in the epidermis. Apoptotic nuclei were visualized as diaminobenzidine brown deposits with
immunoperoxidase staining for cleaved caspase-3. The cleaved caspase-3-positive findings were
consistent with eosinophilic material that appeared to be necrotic cells within the epidermis. There-
fore, these eosinophilic materials may be apoptotic bodies. Generally speaking, eosinophilic cells are
considered necrotic keratinocytes, especially in Japan. To the best of our knowledge, no studies have
used apoptotic immunohistochemical markers to examine whether these structures are apoptotic in a
human specimen.
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Stevens–Johnson syndrome is a widespread erythema multiforme with ocular and
mucosal lesions and systemic symptoms. It is most commonly caused by drugs. Histo-
logically, epidermal necrotic keratinocytes or individual cell keratinization are observed,
along with liquefaction of the basal layer and edema of the dermis. In the present case, we
report epidermal keratinocyte changes in skin tissue from a patient with Stevens–Johnson
syndrome using cleaved caspase-3 immunohistochemical staining.

The patient was a 44-year-old woman with Stevens–Johnson syndrome that developed
due to Baktar® (sulfamethoxazole trimethoprim) (Shionogi, Osaka, Japan) medication
received at our outpatient dermatology clinic.

The patient presented with sores on her lips and mouth (Figure 1a) and erythema
of the whole body (mainly on the palms and soles). A 5 mm skin punch biopsy was
taken from erythema on the dorsal surface of her back (Figure 1b). The histopathological
examination of the epidermis, dermis, and subcutaneous adipose tissue samples showed
numerous necrotic keratinocytes in the epidermis (Figure 1c, arrows). In a recent study, the
cleaved caspase-3 immunohistochemistry showed that a regulator of extracellular matrix
(ECM) integrity, lumican, a small leucine-rich proteoglycan, exhibited anti-tumor properties
in melanoma [1]. Therefore, cleaved caspase-3 immunohistochemistry is a very useful
technique for studying dermatopathology.

Apoptotic nuclei were visualized as diaminobenzidine brown deposits with im-
munoperoxidase staining for cleaved caspase-3 by using a 1:500-diluted rabbit polyclonal
antibody available from Cell Signaling Technology (Danvers, MA, USA) as previously
described [2]. The cleaved caspase-3-positive findings were consistent with eosinophilic
materials that appeared to be necrotic cells within the epidermis (Figure 1d). Therefore,
these eosinophilic materials may be apoptotic bodies. The patient was treated with oral
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prednisolone and the erythema faded and healed. Dermatological treatment was completed
nine months after the onset of the rash.
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Figure 1. (a) Macroscopic findings of the rash on the lip. (b) Macroscopic findings of the rash on the 
back. (c) Microscopic findings. The epidermis shows numerous eosinophilic unstructured necrotic 
keratinocytes (×200) (arrows, inset (×1000)) with exocytosis of small lymphocytes (hematoxylin and 
eosin staining). (d) The cleaved caspase-3-positive findings are consistent with eosinophilic amor-
phous material that appeared to be necrotic cells within the epidermis (×200)(cleaved caspase-3 im-
munostaining; inset: negative control staining). 

Apoptotic nuclei were visualized as diaminobenzidine brown deposits with immun-
operoxidase staining for cleaved caspase-3 by using a 1:500-diluted rabbit polyclonal an-
tibody available from Cell Signaling Technology (Danvers, MA, USA) as previously de-
scribed [2]. The cleaved caspase-3-positive findings were consistent with eosinophilic ma-
terials that appeared to be necrotic cells within the epidermis (Figure 1d). Therefore, these 
eosinophilic materials may be apoptotic bodies. The patient was treated with oral predni-
solone and the erythema faded and healed. Dermatological treatment was completed nine 
months after the onset of the rash. 

Generally speaking, and especially in Japan, these materials are considered necrotic 
keratinocytes. That is to say, the eosinophilic cells are considered dyskeratotic cells or ne-
crotic keratinocytes, not apoptotic keratinocytes in Japan [3]. However, McKee’s Pathol-
ogy of the Skin and Weedon’s Skin Pathology [4,5] show these materials as apoptotic 
keratinocytes. Programmed cell death, or apoptosis, is an intracellular mechanism essen-
tial for homeostasis in multicellular organisms and is widely used to eliminate unwanted 
cells, such as damaged cells [6]. However, apoptosis is no longer synonymous with pro-
grammed cell death, as other forms of programmed death, such as necroptosis and py-
roptosis, have been identified. Each death depends on a different mechanism and has dif-
ferent consequences in vivo. Apoptosis is generally accepted as a programmed cell death 
mechanism that does not cause inflammation [6]. Necroptosis and pyroptosis, however, 
are inflammatory deaths characterized by cell swelling, formation of membrane pores, 
and rupture of the cell membrane [6]. Thus, both necroptosis and pyroptosis result in the 
release of inflammatory intracellular contents and cause inflammation. However, they 
have distinct functions and signaling pathways [6]. Necroptosis is often observed as a 
backup system initiated when apoptosis is inhibited. In contrast, pyroptosis is a primary 
cellular response mediated by the inflammasome after sensing extensive PAMPs and 
DAMPs [6]. 

Apoptotic cell death can be divided into two major pathways: (1) the intrinsic path-
way, which is activated by cellular stress or injury, and (2) the extrinsic pathway, which is 
initiated by the triggering of death receptors. Both pathways lead to activation of effector 

Figure 1. (a) Macroscopic findings of the rash on the lip. (b) Macroscopic findings of the rash on the
back. (c) Microscopic findings. The epidermis shows numerous eosinophilic unstructured necrotic
keratinocytes (×200) (arrows, inset (×1000)) with exocytosis of small lymphocytes (hematoxylin
and eosin staining). (d) The cleaved caspase-3-positive findings are consistent with eosinophilic
amorphous material that appeared to be necrotic cells within the epidermis (×200) (cleaved caspase-3
immunostaining; inset: negative control staining).

Generally speaking, and especially in Japan, these materials are considered necrotic
keratinocytes. That is to say, the eosinophilic cells are considered dyskeratotic cells or
necrotic keratinocytes, not apoptotic keratinocytes in Japan [3]. However, McKee’s Pathol-
ogy of the Skin and Weedon’s Skin Pathology [4,5] show these materials as apoptotic
keratinocytes. Programmed cell death, or apoptosis, is an intracellular mechanism essential
for homeostasis in multicellular organisms and is widely used to eliminate unwanted cells,
such as damaged cells [6]. However, apoptosis is no longer synonymous with programmed
cell death, as other forms of programmed death, such as necroptosis and pyroptosis, have
been identified. Each death depends on a different mechanism and has different conse-
quences in vivo. Apoptosis is generally accepted as a programmed cell death mechanism
that does not cause inflammation [6]. Necroptosis and pyroptosis, however, are inflam-
matory deaths characterized by cell swelling, formation of membrane pores, and rupture
of the cell membrane [6]. Thus, both necroptosis and pyroptosis result in the release of
inflammatory intracellular contents and cause inflammation. However, they have distinct
functions and signaling pathways [6]. Necroptosis is often observed as a backup system
initiated when apoptosis is inhibited. In contrast, pyroptosis is a primary cellular response
mediated by the inflammasome after sensing extensive PAMPs and DAMPs [6].

Apoptotic cell death can be divided into two major pathways: (1) the intrinsic path-
way, which is activated by cellular stress or injury, and (2) the extrinsic pathway, which is
initiated by the triggering of death receptors. Both pathways lead to activation of effector
caspases such as caspase-3, -6, and -7, resulting in apoptosis [6]. Keratinocyte death in
Stevens–Johnson syndrome occurs by apoptosis. There are two pathways leading to apop-
totic cell death: the ligation of Fas by its ligand FasL and the release of perforin/granzyme
B. Keratinocyte apoptosis is mediated by the ligation of Fas on keratinocytes by FasL
on T cells [7]. Therefore, the term keratinocyte “necrosis” in Stevens–Johnson syndrome
is incorrect terminology. In this paper, the most important thing is that the term ker-
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atinocyte necrosis, used by Japanese researchers, has little basis in medical biology and is
essentially apoptosis.

To the best of our knowledge, no studies have used apoptotic immunohistochemical
markers to examine whether these structures are apoptotic in a human specimen. Further
multicenter studies with more cases are warranted.

Author Contributions: Conceptualization, M.T.; methodology, M.T.; validation, M.T., H.H. and
K.T.; investigation, M.T. and H.H.; resources, K.T. and Y.K.; data curation, M.T.; writing—original
draft preparation, M.T.; writing—review and editing, H.H. and Y.K.; supervision, Y.K.; project
administration, Y.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. The patient gave written informed consent.

Data Availability Statement: Data is contained within the article.

Acknowledgments: The authors would like to thank Naoki Ooishi, Kuniaki Muramatsu, and
Takayoshi Hirota (Division of Pathology and Oral Pathology, Shimada General Medical Center, Shi-
mada, Shizuoka, Japan) for their technical assistance, and Tina Tajima for editing our English manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Brézillon, S.; Untereiner, V.; Mohamed, H.T.; Ahallal, E.; Proult, I.; Nizet, P.; Boulagnon-Rombi, C.; Sockalingum, G.D. Label-free

infrared spectral histology of skin tissue Part II: Impact of a lumican-derived peptide on melanoma growth. Front. Cell Dev. Biol.
2020, 8, 377. [CrossRef] [PubMed]

2. Tsutsumi, Y.; Kamoshida, S. Pitfalls and caveats in histochemically demonstrating apoptosis. Acta Histochem. Cytochem. 2003, 36,
271–284. [CrossRef]

3. Fujii, M.; Takahashi, I.; Kishiyama, K.; Honma, M.; Ishida-Yamamoto, A. Erythema multiforme-type drug eruption with prominent
keratinocyte necrosis induced by long-term administration of telmisartan. J. Dermatol. 2015, 42, 537–539. [CrossRef] [PubMed]

4. Patterson, J.W. Weedon’s Skin Pathology, 5th ed.; Elsevier: Amsterdam, The Netherlands, 2021; pp. 54–72.
5. Calonje, E.; Brenn, T.; Lazar, A.J.; Billings, S.D. McKee’s Pathology of the Skin with Clinical Correlations, 5th ed.; Elsevier: Amsterdam,

The Netherlands, 2020; p. 264.
6. Lee, K.-H.; Kang, T.-B. The molecular links between cell death and inflammasome. Cells 2019, 8, 1057. [CrossRef] [PubMed]
7. Borchers, A.T.; Lee, J.L.; Naguwa, S.M.; Cheema, G.S.; Gershwin, M.E. Stevens-Johnson syndrome and toxic epidermal necrolysis.

Autoimmun. Rev. 2008, 7, 598–605. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3389/fcell.2020.00377
https://www.ncbi.nlm.nih.gov/pubmed/32548117
https://doi.org/10.1267/ahc.36.271
https://doi.org/10.1111/1346-8138.12828
https://www.ncbi.nlm.nih.gov/pubmed/25771951
https://doi.org/10.3390/cells8091057
https://www.ncbi.nlm.nih.gov/pubmed/31509938
https://doi.org/10.1016/j.autrev.2008.06.004
https://www.ncbi.nlm.nih.gov/pubmed/18603022

	References

