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Background: Nerve compression disorders, such as carpal tunnel syndrome (CTS) and ulnar entrapment at the elbow (UNE), may be associated with apoptosis and neuroprotective mechanisms in the peripheral nerve that may be detected by biomarkers in the blood. The relationships between CTS and UNE and two biomarkers of apoptosis, i.e., caspase-3 and caspase-8, and the neuroprotective factor Heat Shock Protein 27 (HSP27) in plasma were examined in a population-based cohort.

Method: The biomarkers caspase-3, caspase-8 and HSP27 were measured in plasma at inclusion of 4,284 study participants aged 46–68 years in the population-based Malmö Diet and Cancer study (MDCS). End-point retrieval was made from national registers concerning CTS and UNE. Independent t-test was used to examine the association between caspase-3, caspase-8 and HSP27 plasma levels and incidence of CTS and UNE. Cox proportional hazards regression was used to investigate if plasma levels of caspase-3, caspase-8 and HSP27 affected time to diagnosis of CTS or UNE.

Results: During the mean follow-up time of 22 years, 189/4,284 (4%) participants were diagnosed with CTS and 42/4,284 (1%) were diagnosed with UNE. No associations were found between incident CTS or UNE and the biomarkers caspase-3, caspase-8 and HSP27 in plasma.

Conclusion: The apoptotic biomarkers caspase-3 and caspase-8 and the neuroprotective factor HSP27 in plasma, factors conceivably related to a nerve injury, are not associated with the nerve compression disorders CTS and UNE in a general population.
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INTRODUCTION

Nerve compression disorders in the upper extremity, such as carpal tunnel syndrome (CTS) and ulnar nerve entrapment at the elbow (UNE), are common conditions. Symptoms of intermittent or permanent numbness, tingling, pain, and weakness, with or without muscle atrophy, in the affected hand have a negative impact on quality of life (Dawson, 1993; Atroshi, 2011). The pathophysiology is still not completely clarified (Rempel et al., 1999) and the use of biomarkers for support in diagnostic and severity evaluations may be an additional step toward better treatment.

Programmed cell death, apoptosis, of a variety of cell types in a peripheral nerve has been implicated in the pathophysiology of CTS and UNE. Chronic compression of a peripheral nerve in animal models cause activation, proliferation and apoptosis of Schwann cells (Gupta and Steward, 2003) with loss of myelin and subsequent remyelination; however, the new myelin is markedly thinner and has shorter internodal distances (Ochoa et al., 1972; Ludwin and Maitland, 1984). Compressed nerves in diabetic rats show an increased activation of Schwann cells in the nerve as well as of sensory neurons in dorsal root ganglia (DRG), indicating an increased susceptibility to compression among diabetic subjects (Dahlin et al., 2008). A reduction in the number of myelinated nerve fiber in an uncompressed nerve at the same level as the carpal tunnel is seen in subjects with CTS compared to control subjects, and is even more pronounced if the subject also has diabetes (Thomsen et al., 2009). These studies indicate that some subjects are more vulnerable to nerve compression and that mechanism may be even more pronounced in subject with diabetes. A more severe nerve injury, such as nerve transection and repair, also induces activation and apoptosis of Schwann cells; the latter being more pronounced in diabetic rats (Stenberg and Dahlin, 2014). Thus, there are indications that a nerve injury, and particularly nerve compression, may induce activation and apoptosis in the nerve trunk.

Apoptosis can follow different patterns of coordinated activation of caspases in a cascade of events. In the extrinsic pathway, caspase-8 is activated. Both the extrinsic and the intrinsic pathways activate the executioner caspase-3, which cleaves key structural proteins causing cell death (Slee et al., 2001; Elmore, 2007; Ponder and Boise, 2019). A nerve injury in an animal model leads to an increased intracellular expression of caspase-3 and caspase-8 in sensory neurons in DRG (Wiberg et al., 2018) as well as of caspase-3 in the injured nerve (Stenberg et al., 2012). The intracellular caspases are released into the extracellular matrix after the cell has died and can be measured in plasma (Xue et al., 2017). An association between plasma levels of caspase-8 and incidence of ischemic stroke (Muhammad et al., 2018) as well as coronary events (Xue et al., 2017) has been found, indicating that such proteins can be used as biomarkers for injury.

Small heat shock proteins (sHSP) protect cells from outer stress, such as toxic chemicals, oxidative stress and heat shock (Acunzo et al., 2012), and are detected in human nerve biopsies both from healthy and diabetic subjects (Ising et al., 2021). In particular, HSP27 plays a major role in inhibiting apoptosis (Hunt et al., 2012) and reduces ischemic damage following a stroke (Sharp et al., 2013; Teramoto et al., 2013). In subjects with diabetes, HSP27 protects sensory neurons from damage (Korngut et al., 2012), and higher plasma levels of HSP27 are associated with fewer signs of peripheral neuropathy, as well as with better nerve function (Pourhamidi et al., 2011). In accordance, it is possible that an increased expression of HSP27 may be present in plasma of subjects with a nerve compression disorder, such as CTS and UNE.

The present study aimed to investigate potential associations between plasma levels of caspase-3, caspase-8 as well as HSP27 and incidence of CTS and UNE.



SUBJECTS AND METHODS


Study Population

The study participants are part of the cardiovascular cohort of the Malmö Diet and Cancer Study (MDCS-CC) (Berglund et al., 1993b). The Malmö Diet and Cancer Study (MDCS) cohort is a population-based cohort in Malmö that started in 1991. The city of Malmö at that time had 230,000 inhabitants and is located in the southeastern part of the southern region of Scania in Sweden. All individuals born between 1923-1945 (men) and 1923–1950 (women) and living in Malmö were sent letters of invitation or were included by spontaneously contacting the screening center. Participation rate was approximately 41% of the population of Malmö in the included age span. Cohort characteristics, methods and inclusion criteria for MDCS have been previously described (Berglund et al., 1993a; Hedblad et al., 2000; Manjer et al., 2001; Xue et al., 2017). Between March 1991 and September 1996, a total of 28,449 individuals (11,246 men and 17,203 women) underwent a baseline examination.

Between October 1991 and February 1994, 6,103 individuals, i.e., a random 50% of the MDCS participants at the time, were invited to the MDCS cardiovascular cohort (MDCS-CC). MDCS-CC was originally designed to study carotid artery disease and insulin resistance. The 5,540 subjects who accepted inclusion participated in a second visit for collection of fasting blood samples. All participants had their height and weight measured at study start. Body mass index (BMI) was calculated as [weight (kg)]/[height × height (m)]. Smoking, alcohol consumption and use of antihypertensive treatment was self-reported in a questionnaire. Alcohol consumption was then converted into grams of alcohol consumed per day (g/day). Blood pressure was measured at study start and hypertension was defined as having a systolic blood pressure (BP) ≥ 140 mm Hg or diastolic BP ≥ 90 mm Hg, measured in a supine position using a mercury column sphygmomanometer. Prevalent DM vas defined as either a self-reported physician’s diagnosis of DM, the use of anti-diabetic medication, or a fasting whole blood sugar > 6.0 mmol/L at baseline (Berglund et al., 1993b).



Laboratory Analyses

The biomarkers were analyzed in fasting EDTA-plasma samples that had been stored in −80°C until analysis in 2015, as has been previously reported (Lind et al., 2021). After excluding 368 participants due to incomplete clinical data and another 307 participants with missing blood samples, the remaining 4,865 samples were sent for analysis; however, 52 samples did not pass the internal quality control for the biomarker analysis (Lind et al., 2021). Caspase-3 was measured using OLINK Proseek ® Multiplex Oncology I96 × 96 Panel. Caspase-8 and HSP27 were measured in the OLINK Proseek Multiplex CVD I 96 × 96 Panel. The values are expressed as arbitrary units (AU) on a 2log scale. The details of the analysis procedure have been mentioned in detail elsewhere (Xue et al., 2017; Muhammad et al., 2018; Lind et al., 2021). The measuring range of caspase-3 (i.e., lower and upper limits of quantification) was 1.9--31,250 pg/ml. The coefficient of variation was 16% based on values over the limit of detection (LOD: 1.91 pg/ml). The coefficient of variation for caspase-8 was 22% based on linearized values over the limit of detection (LOD: 0.48 pg/ml)1.



Included Participants

There were 4,813 participants in the MDCS-CC database with caspase-3, caspase-8 or HSP27 measured. At study start, 30 participants had previously been diagnosed with CTS and/or UNE and were therefore excluded. Finally, 4,783 participants were included in the present study (Figure 1).


[image: image]

FIGURE 1. Flow chart of included study participants. MDCS-CC, The Malmö Diet and Cancer Study—Cardiovascular cohort; CTS, carpal tunnel syndrome; UNE, ulnar nerve entrapment at the elbow.




Data Collection

End point retrieval was performed by linking each study participant’s unique personal identification number to several Swedish national registers administered by the Swedish National Board of Health and Welfare, including the Inpatient register, from study start, the Day Surgery Register, from 1997, and the Specialized Outpatient Register, from 2000.

The CTS and UNE diagnoses were made by physicians in specialist care and were based on clinical findings alone or with the support of electroneurography (details about the basis for diagnosis are not available). Codes 352.02, 357.01, 354A and G56.0 from the International Classification of Disease (ICD) version 8, 9 and 10 were used to identify participants with CTS. Codes 352.01, 357.0, 354C and G56.2 from ICD 8, 9 and 10 were used to identify participants with UNE.

Study participants were followed from the baseline examination in 1992–1994 until first CTS or UNE diagnosis, death, emigration from Sweden, or until end of follow-up December 31st, 2018.



Statistical Analysis

Descriptive statistics were used for clinical and demographic characteristics of the participants. Independent sample t-test was used to compare caspase-3, caspase-8 and HSP27 levels, between CTS and UNE groups and the groups without CTS or UNE. Cox proportional hazards regression models were used to examine associations between caspase-3, caspase-8 and HSP27 levels and incident CTS or UNE. Caspase-3, caspase-8 and HSP27 levels were divided into four quartiles and the lowest quartile was used as the reference category. Hazard ratios (HR) with 95% confidence intervals were calculated. Possible effect modification of age, sex, BMI, prevalent diabetes (DM), smoking, hypertension, use of hypertensive treatment and alcohol consumption (all at study start), with respect to the association between caspase-3, caspase-8 and HSP27 levels and incident CTS or UNE, were adjusted for in the multivariate model. Kaplan–Meier plots were used to illustrate the quartiles of caspase-3, caspase-8 and HSP27 in relation to incidence of CTS and UNE.

In all calculations, a p-value < 0.01 was considered significant. IBM SPSS Statistics 25 (Armonk, NY, United States) was used for the statistical analysis.




RESULTS

In total, 2,874/4,783 (60%) women and 1,909/4,783 (40%) men were included in the study. At baseline, participants were between 46 and 68 years of age, and mean age was 57 (SD ± 5.9) years. BMI at study start varied between 15.2 and 50.7, with a mean of 25.6 (SD ± 3.9), and 197/4,783 (4%) participants had prevalent DM.

During the follow-up period (1991–1996 to 2018; mean 22 years, SD ± 6), 189/4,783 (4%) participants were diagnosed with CTS and 42/4,783 (1%) participants were diagnosed with UNE. Of these, 16 participants were diagnosed with both CTS and UNE during the study period. Baseline characteristics are presented in Table 1. Participants who were diagnosed with either CTS or UNE did not have higher levels of caspase-3, caspase-8 or HSP27 at inclusion compared to participants who were not diagnosed with CTS or UNE (Table 2). No associations between levels of caspase-3, caspase-8 or HSP27 with either CTS nor UNE were found, this was unaffected by adjustment for risk factors (Tables 3, 4). BMI, age, smoking, hypertension, use of hypertensive drugs, alcohol consumption and prevalent DM did not differ across quartiles of caspase-3, caspase-8 and HSP27 (data not shown). Kaplan–Meier plots of CTS-free and UNE-free survival in relation to quartiles of caspase-3, caspase-8 and HSP27 are shown in Figure 2.


TABLE 1. Baseline characteristics of study participants.
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TABLE 2. Levels of caspase-3, caspase-8 or HSP27 and incidence of CTS and UNE.
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TABLE 3. Incidence of carpal tunnel syndrome in relation to quartiles of caspase-3, caspase-8 and HSP27.
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TABLE 4. Incidence of ulnar nerve entrapment at the elbow (UNE) in relation to quartiles of caspase-3, caspase-8 and HSP27.
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FIGURE 2. Carpal tunnel syndrome-free and ulnar nerve entrapment-free survival in relation to the quartiles of caspase-3, caspase-8 and HSP27, respectively. Q, quartiles.




DISCUSSION

The present study indicates that there are no associations between diagnosis of CTS or UNE and plasma levels of caspase-3, caspase-8 or HSP27 during a long-time follow-up. Nerve compression disorders, such as CTS and UNE, may induce functional and structural alterations in the peripheral nerve as well as in the neurons in DRG and spinal cord depending on the severity and duration of the compression trauma. Initially, disturbances in the intraneural microcirculation, with subsequent edema formation, are induced. While the symptoms may not be constant, they may prompt patients to seek health care and get diagnosed, and may require decompression surgery. At the early stage, there are probably no structural changes, such as demyelination related to Schwann cells, degeneration of axons or pronounced changes in the nerve cell bodies; the latter with the purpose of transforming the function of the neuron from transferring impulses to structural repair and regeneration (Rempel et al., 1999). However, at later stages, with more severe compression trauma, intracellular alterations are induced in the Schwann cells and axonal transport in the neurons is inhibited with subsequent repair processes in the affected neurons. Activation of Schwann cells and neurons can be detected by expression of activating transcription factor 3 (ATF-3) (Pettersson et al., 2004; Isacsson et al., 2005; Dahlin et al., 2008), which is connected to neuroprotective mechanisms, such as HSP27. The amount of ATF-3 is also related to, and counterbalanced by, expression of apoptotic markers, such as caspase-3 (Gupta and Steward, 2003; Dahlin et al., 2008). The present data indicate that CTS and UNE are not associated with higher plasma levels of caspase-3 or caspase-8, which is probably explained by an insufficient compression leading to no, or a too low, induction of activation and apoptosis in the Schwann cells and in the neurons, where also the timing of evaluation in relation to the nerve compression is crucial. In rat models, a slight chronic compression induces a limited amount of caspase-3 presented in the nerve (Stenberg and Dahlin, 2014; Meyer et al., 2016), which is in accordance with the present findings of no increased plasma levels of caspase-3 and caspase-8. Thus, even though plasma levels of caspase-3 and caspase-8 indeed reflect apoptosis (Xue et al., 2017), a nerve injury caused by compression in CTS and UNE, is most likely not sufficient to be reflected in increased plasma levels of the evaluated biomarkers. In this study, the first incident of CTS and UNE was more than 5 years after the plasma sample and study start, and most cases were diagnosed after 10–15 years. The time lapse from possible apoptotic events in CTS or in UNE and onset of symptoms and the following time lapse from onset of symptoms to diagnosis is unknown. Thus, we do not know when in the CTS or UNE events the measurement of biomarkers was made. Most probably, measurements of caspase-3, caspase-8 and HSP27 made in connection with a more severe nerve injury, such as a nerve transection, or in a timelier manner to the compression trauma, will reveal increased levels, as shown in experimental studies (Stenberg and Dahlin, 2014; Meyer et al., 2016; Stenberg et al., 2016, 2017; Hazer Rosberg et al., 2021).

Plasma levels of HSP27, a protein associated to neuroprotection (Stenberg et al., 2017), have previously been studied in association with carotid artery atherosclerosis and atherosclerotic outcomes (Lind et al., 2021), as well as in patients with diabetes (Pourhamidi et al., 2011, 2014; Zimmerman et al., 2017) and related to diabetic neuropathy, which is another type of prolonged and general affection on the human body and particularly a peripheral nerve. Diabetic neuropathy, in which the subjects may also be affected with an additional nerve compression disorder, is probably a continuous ongoing event, particularly in type 1 diabetes, which leads to ongoing and permanent apoptotic and neuroprotective mechanisms with leakage of the biomarkers caspase-3, caspase-8 and HSP27 into plasma. Other events, such as ischemic stroke (Muhammad et al., 2018) and coronary events (Xue et al., 2017), are also known to be associated with higher levels of caspase-8. To conclude, the present limited injury to the peripheral nervous system, i.e., CTS or UNE, is not enough to significantly affect levels of apoptotic biomarkers in plasma compared to larger, general and prolonged events, such a diabetic neuropathy (Pourhamidi et al., 2011, 2014).

The strength of this study is its large, prospective, and population-based study design with a long follow-up period. The CTS and UNE cases were obtained through linkage with national registers. However, CTS and UNE diagnosed only in a primary care setting were not identified and thus not included. Such cases are most likely at earlier stages, not requiring surgery, and hence the peripheral nerve trauma should be minor. Such cases would most certainly not show any increased plasma levels of the presently used biomarkers. A limitation of the study is the lack of serial measurements to assess changes in biomarkers and risk factors over time, and that the time lapse from biomarker measurement to diagnosis is long. The population of the cohort is elderly (the youngest participant was 46 years old at study start), and nerve compression disorders, such as CTS and UNE, usually occur at 45–65 years of age (Atroshi, 2011; Anker et al., 2018; Giöstad and Nyman, 2019). The peak incidence of CTS in a general population in Sweden is in individuals aged 45–54 years (Atroshi et al., 1999; Atroshi, 2011), and the corresponding incidence of UNE in an American National Database is in individuals aged 61–65 years (Osei et al., 2017). This indicates that the population is appropriate to investigate. The study includes the important risk factors for CTS and UNE, such as age, female gender, hypertension, diabetes and obesity. However, data on other risk factors, like distal radius fractures, hypothyroidism, rheumatoid arthritis, exposure to vibrating hand held tools or repetitive wrist/elbow movements, were not available for analysis in the cohort.

In conclusion, the present study did not demonstrate any association between the nerve compression disorders CTS and UNE and plasma levels of peripheral nervous tissue biomarkers, i.e., caspase-3, caspase-8 and HSP27, in a general population followed for a mean of 22 years. Further studies are needed to increase knowledge of the role and timing of neuroprotection and apoptosis in CTS and UNE and any potential role of biomarkers in diagnosis and prognosis after surgical treatment.



DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available because public access to data is restricted to Swedish Authorities (Public Access to Information and Secrecy Act), but data can be available for researchers after a special review that includes approval of the research project by both an Ethics Committee and the Authorities’ Data Safety Committees.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Regional Ethical Review Board, Lund, Sweden (LU51/90). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

LD designed the study. MR, LD, and MZ contributed to acquisition and interpretation of the data from the MDCS-CC Database and the Inpatient Register, the Day Surgery Register, and the Specialized Outpatient Register. EB did the calculations and wrote the draft of the manuscript. All authors contributed to data interpretation, article draft, revision of the manuscript and approved the final version of the manuscript.



FUNDING

This work was supported by funds from Lund University, Skåne University Hospital, ALF Foundation (2018-Projekt0104), Region Skåne—Helsingborg Hospital, the Stig and Ragna Gorthon Foundation, Kockska Stiftelsen, Magnus Bergvalls stiftelse (2020-03612) the Swedish Research Council (2021-01942) and the Swedish Diabetes Foundation (DIA2020-492).



ACKNOWLEDGMENTS

We would like to thank all study participants for their contribution to the present research. We would also like to thank Tina Folker for her administrative support, Anders Dahlin for excellent help with data extraction and Axel Ström for statistical advice.


FOOTNOTES

1www.olink.se


REFERENCES

Acunzo, J., Katsogiannou, M., and Rocchi, P. (2012). Small heat shock proteins HSP27 (HspB1), alphaB-crystallin (HspB5) and HSP22 (HspB8) as regulators of cell death. Inter. J. Biochem. Cell Biol. 44, 1622–1631. doi: 10.1016/j.biocel.2012.04.002

Anker, I., Zimmerman, M., Andersson, G. S., Jacobsson, H., and Dahlin, L. (2018). Outcome and predictors in simple decompression of ulnar nerve entrapment at the elbow. J. Hand Microsurg. 7, 24–32.

Atroshi, I. (2011). Incidence of physician-diagnosed carpal tunnel syndrome in the general population. Arch. Intern. Med. Res. 71, 943–944. doi: 10.1001/archinternmed.2011.203

Atroshi, I., Gummesson, C., Johnsson, R., Ornstein, E., Ranstam, J., and Rosén, I. (1999). Prevalence of carpal tunnel syndrome in a general population. JAMA 282, 153–158. doi: 10.1001/jama.282.2.153

Berglund, G., Elmståhl, S., Janzon, L., and Larsson, S. (1993a). Design and feasibility. J. Inter. Med. 233, 45–51. doi: 10.1111/j.1365-2796.1993.tb00647.x

Berglund, G., Elmstähl, S., Janzon, L., and Larsson, S. A. (1993b). The Malmo Diet and Cancer Study. Design and feasibility. J. Intern. Med. 233, 45–51. doi: 10.1111/j.1365-2796.1993.tb00647.x

Dahlin, L. B., Stenberg, L., Luthman, H., and Thomsen, N. O. (2008). Nerve compression induces activating transcription factor 3 in neurons and Schwann cells in diabetic rats. Neuroreport 19, 987–990. doi: 10.1097/WNR.0b013e328302f4ec

Dawson, D. M. (1993). Entrapment neuropathies of the upper extremities. N. Engl. J. Med. 103, 357–370.

Elmore, S. (2007). Apoptosis:a review of programmed cell death. Toxicol. Pathol. 35, 495–516.

Giöstad, A., and Nyman, E. (2019). Patient Characteristics in Ulnar Nerve Compression at the Elbow at a Tertiary Referral Hospital and Predictive Factors for Outcomes of Simple Decompression versus Subcutaneous Transposition of the Ulnar Nerve. Biol. Med. Res. Inter. 2019:9. doi: 10.1155/2019/5302462

Gupta, R., and Steward, O. (2003). Chronic nerve compression induces concurrent apoptosis and proliferation of Schwann cells. J. Comp. Neurol. 461, 174–186. doi: 10.1002/cne.10692

Hazer Rosberg, D. B., Hazer, B., Stenberg, L., and Dahlin, L. B. (2021). Gold and Cobalt Oxide Nanoparticles Modified Poly-Propylene Poly-Ethylene Glycol Membranes in Poly (ε-Caprolactone) Conduits Enhance Nerve Regeneration in the Sciatic Nerve of Healthy Rats. Int. J. Mol. Sci. 22:7146. doi: 10.3390/ijms22137146

Hedblad, B., Nilsson, P., Janzon, L., and Berglund, G. (2000). Relation between insulin resistance and carotid intima-media thickness and stenosis in non-diabetic subjects. Results from a cross-sectional study in Malmö, Sweden. Diabet. Med. 17, 299–307. doi: 10.1046/j.1464-5491.2000.00280.x

Hunt, D., Raivich, G., and Anderson, P. N. (2012). Activating transcription factor 3 and the nervous system. Front. Mol. Neurosci. 5:7. doi: 10.3389/fnmol.2012.00007

Isacsson, A., Kanje, M., and Dahlin, L. B. (2005). Induction of activating transcription factor 3 (ATF3) by peripheral nerve compression. Scand. J. Plast. Reconstr. Surg. Hand Surg. 39, 65–72. doi: 10.1080/02844310410004892

Ising, E., Åhrman, E., Thomsen, N. O. B., Eriksson, K. F., Malmström, J., and Dahlin, L. B. (2021). Quantitative proteomic analysis of human peripheral nerves from subjects with type 2 diabetes. Diabet. Med. 38:e14658. doi: 10.1111/dme.14658

Korngut, L., Ma, C. H., Martinez, J. A., Toth, C. C., Guo, G. F., Singh, V., et al. (2012). Overexpression of human HSP27 protects sensory neurons from diabetes. Neurobiol. Dis. 47, 436–443. doi: 10.1016/j.nbd.2012.04.017

Lind, L., Gigante, B., Borné, Y., Feldreich, T., Leppert, J., Hedberg, P., et al. (2021). Plasma Protein Profile of Carotid Artery Atherosclerosis and Atherosclerotic Outcomes. Arterioscler. Thromb. Vasc. Biol. 41, 1777–1788. doi: 10.1161/ATVBAHA.120.315597

Ludwin, S. K., and Maitland, M. (1984). Long-term remyelination fails to reconstitute normal thickness of central myelin sheaths. J. Neurol. Sci. 64, 193–198. doi: 10.1016/0022-510x(84)90037-6

Manjer, J., Carlsson, S., Elmståhl, S., Gullberg, B., Janzon, L., Lindström, M., et al. (2001). The Malmö Diet and Cancer Study:representativity, cancer incidence and mortality in participants and non-participants. Eur. J. Cancer Prev. 10, 489–499. doi: 10.1097/00008469-200112000-00003

Meyer, C., Stenberg, L., Gonzalez-Perez, F., Wrobel, S., Ronchi, G., Udina, E., et al. (2016). Chitosan-film enhanced chitosan nerve guides for long-distance regeneration of peripheral nerves. Biomaterials 76, 33–51. doi: 10.1016/j.biomaterials.2015.10.040

Muhammad, I. F., Borné, Y., Melander, O., Orho-Melander, M., Nilsson, J., Söderholm, M., et al. (2018). FADD (Fas-Associated Protein With Death Domain), Caspase-3, and Caspase-8 and Incidence of Ischemic Stroke. Stroke 49, 2224–2226. doi: 10.1161/STROKEAHA.118.022063

Ochoa, J., Fowler, T. J., and Gilliatt, R. W. (1972). Anatomical changes in peripheral nerves compressed by a pneumatic tourniquet. J. Anat. 113, 433–455.

Osei, D. A., Groves, A. P., Bommarito, K., and Ray, W. Z. (2017). Cubital Tunnel Syndrome:incidence and Demographics in a National Administrative Database. Neurosurgery 80, 417–420. doi: 10.1093/neuros/nyw061

Pettersson, L. M., Dahlin, L. B., and Danielsen, N. (2004). Changes in expression of PACAP in rat sensory neurons in response to sciatic nerve compression. Eur. J. Neurosci. 20, 1838–1848. doi: 10.1111/j.1460-9568.2004.03644.x

Ponder, K. G., and Boise, L. H. (2019). The prodomain of caspase-3 regulates its own removal and caspase activation. Cell Death Discov. 5:56. doi: 10.1038/s41420-019-0142-1

Pourhamidi, K., Dahlin, L. B., Boman, K., and Rolandsson, O. (2011). Heat shock protein 27 is associated with better nerve function and fewer signs of neuropathy. Diabetologia 54, 3143–3149. doi: 10.1007/s00125-011-2303-5

Pourhamidi, K., Skärstrand, H., Dahlin, L., and Rolandsson, O. (2014). HSP27 Concentrations Are Lower in Patients With Type 1 Diabetes and Correlate With Large Nerve Fiber Dysfunction. Diabete. Care 37, E49–E50. doi: 10.2337/dc13-1780

Rempel, D., Dahlin, L., and Lundborg, G. (1999). Pathophysiology of nerve compression syndromes:response of peripheral nerves to loading. J. Bone Joint Surg. Am. 81, 1600–1610. doi: 10.2106/00004623-199911000-00013

Sharp, F. R., Zhan, X., and Liu, D. Z. (2013). Heat shock proteins in the brain:role of Hsp70, Hsp 27, and HO-1 (Hsp32) and their therapeutic potential. Transl. Stroke Res. 4, 685–692. doi: 10.1007/s12975-013-0271-4

Slee, E. A., Adrain, C., and Martin, S. J. (2001). Executioner caspase-3, -6, and -7 perform distinct, non-redundant roles during the demolition phase of apoptosis. J. Biol. Chem. 276, 7320–7326. doi: 10.1074/jbc.M008363200

Stenberg, L., and Dahlin, L. B. (2014). Gender differences in nerve regeneration after sciatic nerve injury and repair in healthy and in type 2 diabetic Goto-Kakizaki rats. BMC Neurosci. 15:107. doi: 10.1186/s12868-020-00594-0

Stenberg, L., Kanje, M., Dolezal, K., and Dahlin, L. B. (2012). Expression of activating transcription factor 3 (ATF 3) and caspase 3 in Schwann cells and axonal outgrowth after sciatic nerve repair in diabetic BB rats. Neurosci. Lett. 515, 34–38. doi: 10.1016/j.neulet.2012.03.011

Stenberg, L., Kodama, A., Lindwall-Blom, C., and Dahlin, L. B. (2016). Nerve regeneration in chitosan conduits and in autologous nerve grafts in healthy and in type 2 diabetic Goto-Kakizaki rats. Eur. J. Neurosci. 43, 463–473. doi: 10.1111/ejn.13068

Stenberg, L., Stößel, M., Ronchi, G., Geuna, S., Yin, Y., Mommert, S., et al. (2017). Regeneration of long-distance peripheral nerve defects after delayed reconstruction in healthy and diabetic rats is supported by immunomodulatory chitosan nerve guides. BMC Neurosci. 18:53. doi: 10.1186/s12868-017-0374-z

Teramoto, S., Shimura, H., Tanaka, R., Shimada, Y., Miyamoto, N., Arai, H., et al. (2013). Human-derived physiological heat shock protein 27 complex protects brain after focal cerebral ischemia in mice. PLoS One 8:e66001. doi: 10.1371/journal.pone.0066001

Thomsen, N. O., Mojaddidi, M., Malik, R. A., and Dahlin, L. B. (2009). Reduced myelinated nerve fibre and endoneurial capillary densities in the forearm of diabetic and non-diabetic patients with carpal tunnel syndrome. Acta Neuropathol. 118, 785–791. doi: 10.1007/s00401-009-0578-0

Wiberg, R., Novikova, L. N., and Kingham, P. J. (2018). Evaluation of apoptotic pathways in dorsal root ganglion neurons following peripheral nerve injury. Neuroreport 29, 779–785. doi: 10.1097/WNR.0000000000001031

Xue, L., Borné, Y., Mattisson, I. Y., Wigren, M., Melander, O., Ohro-Melander, M., et al. (2017). FADD, Caspase-3, and Caspase-8 and Incidence of Coronary Events. Arterioscler. Thromb. Vasc. Biol. 37, 983–989. doi: 10.1161/ATVBAHA.117.308995

Zimmerman, M., Rolandsson Enes, S., Skärstrand, H., Pourhamidi, K., Gottsäter, A., Wollmer, P., et al. (2017). Temporal trend of autonomic nerve function and HSP27, MIF and PAI-1 in type 1 diabetes. J. Clin. Trans. Endocrinol. 8, 15–21. doi: 10.1016/j.jcte.2017.03.001


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Bergsten, Rydberg, Dahlin and Zimmerman. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/fnins-16-809537-g002.jpg
_MQl1
Q2
-MQ3
_.ﬁQ‘j
30

Caspase-3
20 25

15

10

Ulnar nerve entrapment

1.0000
0.9975
0.9950
0.9925
0.9900
0.9875

[BAIAINS 32.0) - Judwidenyud JAIdU Jeuj))

5883 .
LEGS
mm &
()
= 7 <
= 2
> 2
72 %
T O -
=
=
=
= -
e
(1
o,
[
(1 "
&
2 & £ 5 2 &€ 3z

[BAIAINS 2.1J - dWOIpUAs [Puunj edae))

years

years

Caspase-8

- - - S =,
: f % 8

S

1.000
0.990
0.988

[BAIAINS 32.4) - Judwideajud dAIdU Jeuj)

-

b \‘\

n

<

=

n

S

o N %0 e~ o v -
- ot 9 ot & ot oo
— = = = = = =

[BAIAINS J2.1J - dWO.IpUAs Puun) jedae))

30

25

20

15

10

30

5

2

20

15

10

years

years

I~
o
m
[ w (= w S g
$ £ % & ' &
S -\ =\ -\ a -
— [—} S (—] (—] (=]

20 25 30
years

15

10

[BAIAINS 32.4) - Judwidenyud dAIdU aeuj|)

I~
o
m
(= ” o0 | g o w -
< ) ] ] ] ) e,
— (—} (—] (—] S (—} S

[BAIAINS J2.1J - dWO.IPUAS Puun) jedae))

20 25 30
years

15

10





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Carpal Tunnel Syndrome and Ulnar Nerve Entrapment at the Elbow Are Not Associated With Plasma Levels of Caspase-3, Caspase-8 or HSP27



		INTRODUCTION



		SUBJECTS AND METHODS



		Study Population



		Laboratory Analyses



		Included Participants



		Data Collection



		Statistical Analysis







		RESULTS



		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		FOOTNOTES



		REFERENCES

















OPS/images/fnins-16-809537-g001.jpg
(—— . )
Participants in MDCS-CC
with measured caspase-3,

caspase-8 or HSP27

n=4813
. )
4 )
Prevalent CTS or UNE
n=30
\ 4
(~ )
Included participants
n=4783
\ 4
4 ) éa ) (e )
Participants with Participants with Participants with HSP27
caspase-3 measured caspase-8 measured measured
n=4570 n=4648 n=4711
\ J Yy U /

|
@ Missing data on A
smoking: 7
anti-hypertensive drugs: 5
alcohol consumption: 26

\_ total n=28

=

Included in cox’ regression
model 2
n=4542

|
@ Missing data on R
smoking: 6
anti-hypertensive drugs: 4
alcohol consumption: 25

o 4

l
@ Missing data on N
smoking: 6
anti-hypertensive drugs: 4
alcohol consumption: 26

\_ total n=27

:

Included in cox’ regression
model 2
n=4621

\_ total n=28 )

T

Included in cox’ regression
model 2
n=4683

\ %

\ )






OPS/images/fnins-16-809537-t004.jpg
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Caspase-3

No of participants 1,142 1,137 1,146 1,145

Incidence of UNE 18 8 10 12

Model 1 1 0.81(0.35-1.88) 0.65 (0.26-1.59) 0.83(0.36-1.93) 1.03 (0.75-1.40)
p=0.62 p=0.34 p=0.67 p=0.90

Model 2 | 0.78 (0.33-1.81) 0.63 (0.26-1.55) 0.82 (0.35-1.89) 1.03 (0.75-1.42)
p=0:56 p=0.31 p=0.64 p=0.85

Caspase-8

No of participants 1,158 1,164 1,163 1,163

Incidence of UNE 12 8 1 10

Model 1 1 1.10(0.47-2.58) 0.75 (0.29-1.91) 1.07 (0.45-2.54) 1.04 (0.76-1.42)
p=0.83 p=0.55 p=0.87 p=0.81

Model 2 1 1.06 (0.50-2.51) 0.72 (0.28-1.84) 1.06 (0.45-2.51) 1.06 (0.77-1.45)
p=0.89 p=0.49 p=0.89 p=0.74

HSP27

No of participants 1,178 1,178 1,175 1,180

Incidence of UNE 13 7 11 11

Model 1 | 1.11(0.50-2.48) 0.60 (0.23-1.55) 0.99 (0.43-2.28) 1.03 (0.76-1.40)
p =0.80 p =029 p=0.98 p=0.84

Model 2 1 1.08 (0.48-2.42) 0.58 (0.22-1.50) 0.97 (0.42-2.24) 1.04 (0.77-1.42)
p=0.86 p =026 p=0.94 p=0.78

Model 1: HRs with 95% Cls, adjusted for age and sex.

Model 2: HRs (95% Cl) adjusted for age, sex, smoking habits, use of alcohol, body mass index, prevalent diabetes mellitus, hypertension, and blood pressure-lowering
medication.

HR, hazard ratio; SD, standard deviation; UNE, ulnar nerve entrapment at the elbow.
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No CTS or UNE Incident CTS  Incident UNE

(n = 4,568) (n =189) (n=42)
Women n (%) 2,731 (60) 128 (68) 24 (57)
BMI (mean + SD) 25.6 + 3.9 26.6 + 4.0 253 +3.4
Smoking habits n (%) 1,119 (26) 42 (22) 11 (26)
Hypertension n (%) 2,110 (46) 78 (41) 16 (38)
Antihypertensive 763 (17) 27 (14) 512
medication n (%)
Age (years; 8785460 87487 58.1456.3
mean + SD)
Alcohol g/day 10.1 £ 120 9.5 +10.9 89+87
(mean £ SD)
Prevalent DM n (%) 178 (4) 18 (10) 2 (5)

BMI, body mass index (body mass in kilograms divided by square of body height
in meters); CTS, carpal tunnel syndrome; DM, diabetes mellitus; SD, standard
deviation; UNE, ulnar nerve entrapment at the elbow; NB, 16 participants were
diagnosed with both CTS and UNE.
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Model 1: HRs with 95% Cls, adjusted for age and sex.
Model 2: HRs (95% Cl) adjusted for age, sex, smoking habits, use of alcohol, body mass index, prevalent diabetes mellitus, hypertension, and blood pressure-lowering

medication.

HR, hazard ratio; CTS, carpal tunnel syndrome; SD, standard deviation.
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