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Purpose: To compare epidermal biophysical properties, indicators of epidermal function, in individuals with and without primary 
cutaneous amyloidosis (PCA).
Patients and Methods: This study incorporated 189 patients with PCA and 166 healthy individuals. The GPSkin Barrier was 
employed to measure transepidermal water loss (TEWL) rates and hydration levels of the stratum corneum. The Sebumeter and the 
Skin pH Meter were utilized to determine the skin surface’s sebum content and pH, respectively. The severity of pruritus in 
participants was evaluated using the visual analog scale (VAS).
Results: Compared to the control group without PCA, individuals with PCA displayed a notable increase in skin surface pH and 
TEWL and a decrease in the hydration levels of the stratum corneum (p<0.0001 for all parameters). Additionally, the sebum content 
was markedly lower in those with PCA than in the controls (p<0.0001). Of particular note, both TEWL and skin surface pH at the 
lesion sites on the back and the shin were more elevated in lichenoid amyloidosis (LA) and in macular amyloidosis (MA), whereas 
hydration levels of the stratum corneum and sebum levels were diminished in LA compared to MA (p<0.05). In conclusion, both 
hydration levels of the stratum corneum and sebum content exhibited an inverse relationship with pruritus severity, whereas TEWL 
and skin surface pH demonstrated a positive correlation with pruritus intensity.
Conclusion: The function of the epidermis is compromised in individuals diagnosed with PCA. However, the mechanisms underlying 
these changes await further investigation.
Keywords: cutaneous amyloidosis, epidermis, biophysical properties, pruritus

Introduction
Primary cutaneous amyloidosis (PCA) is a persistent pruritic dermatosis defined by the localized amyloid deposition in 
the papillary dermis. Lichenoid amyloidosis (LA) and macular amyloidosis (MA) emerge as its two predominant types. 
The differentiation between LA and MA rests largely on patients’ clinical and pathological manifestations. LA is mainly 
identified by brown, rice-sized papules on the legs, densely arranged yet separate. Its pathological characteristics include 
hyperkeratosis, hyperacanthosis, and substantial deposits of pink amorphous substances in the dermal papilla upon 
Congo red staining. This is further complemented by a fine network encompassing peripheral melanophages. In contrast, 
MA typically appears as “wavy” pigmented spots either in the back’s scapular area or on the lower extremities, with 
some spots potentially merging. The Congo red stain reveals less dense pink deposits in the dermal papillae and a delicate 
network of melanophages encircling amyloid.1 Both LA and MA can manifest concurrently or appear at different stages 
of the disease. It is crucial to differentiate PCA from conditions like systemic amyloidosis, localized pigment abnorm
alities, chronic simple lichen, and nodular prurigo, etc.
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PCA is particularly prevalent in regions like Southeast Asia and South America, boasting a morbidity rate of 
approximately 7.87% in China.2,3 The exact cause of PCA remains elusive. However, around 10% of individuals with 
PCA have a family history, suggesting a potential genetic link.4 Factors such as race, gender, atopy, sun exposure, and the 
debated frictional epidermal damage have also been proposed as contributors to its etiopathogenesis.5 Treating PCA 
remains a formidable challenge for clinicians due to the absence of evidence-based treatment guidelines. Many treatment 
avenues have been explored, spanning retinoids, corticosteroids, cyclophosphamide, laser treatment, and phototherapy, 
etc.6

Both atopy and sun exposure have the potential to modify the function of the epidermis, mirroring alterations in 
TEWL and hydration of the stratum corneum.7,8 Notably, PCA’s clinical presentations, such as pruritus, dry skin, 
hyperpigmentation, and lichenification, all hint at potential shifts in epidermal functions.9 For example, reduced 
hydration levels in the stratum corneum indicate dry skin.10 Hyperpigmented skin often presents with diminished 
TEWL and skin surface pH.11 Furthermore, an overwhelming 40% of individuals with PCA exhibit epidermal hyperker
atosis, and about 30% display signs of inflammatory infiltration.4 In contrast, inflammatory skin conditions like 
eczematous dermatitis and psoriasis are marked by elevated TEWL, decreased hydration in the stratum corneum, and 
a rise in skin surface pH.12–15

Moreover, the frequent occurrence of pruritus in individuals with PCA can lead to scratching behaviors, potentially 
compromising the epidermal permeability barrier. This collective evidence points towards potential alterations in the 
epidermal functions of individuals with PCA.

Against this backdrop, our study aimed to contrast TEWL, hydration levels of the stratum corneum, skin surface pH, 
and sebum content between individuals with and without PCA. Additionally, we delved into the relationship between 
epidermal biophysical properties and pruritus intensity.

Materials and Methods
Participants
A cohort of 189 PCA outpatients, comprising 135 LA and 54 MA individuals, were recruited from the Dermatology 
Hospital at Southern Medical University between December 2017 and December 2019. Patients with PCA exhibiting 
systemic amyloidosis or extracutaneous organ involvement were excluded from the study. Other uncommon types, 
namely nodular cutaneous amyloidosis and poikiloderma-like cutaneous amyloidosis were also not considered. A group 
of 166 age- and sex-matched healthy volunteers were chosen as control subjects. Both PCA patients and controls were 
screened based on exclusion criteria, which encompassed those with a present or past history of conditions like 
eczematous dermatitis, psoriasis, chronic actinic dermatitis, skin infectious diseases, or skin cancer, as well as individuals 
who had experienced significant sun exposure during the study’s duration.

This research received approval from the institutional review board of the Dermatology Hospital at Southern Medical 
University (Approval No: GDDHLS-20171029). In accordance with the Declaration of Helsinki, verbal informed consent 
was secured from all participants before initiating the study. All participants belonged to the Chinese ethnic group.

Measurements of Epidermal Functions
The study assessed epidermal function by gauging specific biophysical properties of the epidermis. TEWL and stratum 
corneum hydration (SCH) measurements were acquired using the GPSkin Barrier device (G-POWER, Korea). 
Concurrently, the skin surface’s pH was determined using the skin pH Meter (Hanna Instruments HI 99181N, Asch, 
Japan), while the Sebumeter (HANNA, Italy) was employed to evaluate sebum content. Measurements were taken from 
lesion sites, including the shin, back (specifically the scapular area), and nape, maintaining standard ambient conditions: 
room temperature between 22°C to 25°C and relative humidity ranging from 40% to 60%. Before these measurements, a 
20-minute adaptation period was observed. The flexor forearm, situated 10 cm above the wrist, was also evaluated as a 
non-involved control site in PCA patients. Control subjects underwent measurements on analogous sites. Participants 
were instructed to abstain from bathing and using skincare products for at least 12 h leading up to the measurements. 
Each measurement was replicated thrice on every site, with the mean value chosen for further analysis.
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Evaluation of Pruritic Severity
The pruritus severity was gauged using a 0–10 visual analog scale (VAS), where a score of 0 represented the absence of 
pruritus and a score of 10 indicated extreme pruritus.16,17

Statistical Analysis
Statistical computations were conducted using the GraphPad PRISM v8.0 software. The presented data either follows the 
format of mean ± SEM or mean ± SD. The study employed the independent-samples t-test, Mann–Whitney U-test (2- 
test), and Spearman test for analytical purposes. A p-value less than 0.05 was treated as indicative of statistical 
significance.

Results
Demographic Characteristics of Participants
The study included 189 PCA patients and 166 healthy control subjects. Of the 166 healthy participants, 79 were male, and 
87 were female, with an average age of 41 years (ranging from 25 to 65). In contrast, the PCA patient group consisted of 98 
females (51.9%) and 91 males (48.1%) with an average age of 43 years (range: 25–64 years). The average age at which the 
PCA symptoms first appeared was 34, ranging from 14 to 50 years (refer to Table 1 for details). Within the PCA patient 
group, 19 individuals (12.8%) reported lesion development post-scratching, while 67 (45.3%) indicated lesion exacerbation 
due to scratching. The primary affected body regions were the back and shins (see Figures 1A and B). Histological 
verification of PCA diagnosis was achieved using Congo red stain (as depicted in Figure 1C) and HE stain (shown in 
Figure 1D). These tests revealed the presence of amyloid deposits in the papillary dermis for all patients.

Alterations in Epidermal Biophysical Properties in Subjects with PCA
Within the PCA group, TEWL was determined across 283 lesion sites, including 112 on the back, 115 on the shin, 56 on 
the neck, and 189 on non-lesion sites of the forearm. For the control group, measurements were taken at 166 sites for 
each body region. All affected skin regions in PCA patients displayed increased TEWL and skin surface pH levels, 
diminished sebum content, and SC hydration compared to the healthy controls. However, the unaffected flexor forearm 
site showed no noticeable disparities in TEWL, SCH, skin surface pH, or sebum content between LA, MA, and the 
control group (refer to Table 2).

Table 1 Demographic Characteristics of Participant

Parameter LA (n=135) MA (n=54) Controls (n=166) p value

Age (yr) 42.76±10.49 44.19±9.17 41.28±9.44 0.372a

Age of onset 35.11±7.96 33.73±9.15 0.071

Males 85(63.0%) 6(11.1%) 79 p<0.0001b

Females 50(37.0%) 48(88.9%) 87 p<0.0001b

Severity of pruritus (VAS)

0 18(13.3%) 23(42.6%) p<0.0001b

I (>0 to <3) 51(37.8%) 22(40.7%)

II (≥3 to <7) 39(28.9%) 8(14.8%) p=0.0614b

III (≥7 to <9) 27(20.0%) 1(1.9%) p=0.001b

IV (≥9) 0 0

Notes: Data are expressed as mean ±SD. aMann–Whitney U-test was used to determine the 
significance among the three groups; bχ2-test was used to determine the significance between LA 
and MA. 
Abbreviations: LA, lichenoid amyloidosis; MA, macular amyloidosis.
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When juxtaposing LA to MA, LA presented more pronounced deviations in the epidermal biophysical properties 
across most body regions. The nape was an exception, where the epidermal biophysical properties were similar for both 
LA and MA (refer to Table 2 and Figure 2).

Figure 1 Clinical and pathological features of PCA patients. (A) Typical rippled hyperpigmented patches on the back and (B) papular lichenoid on the shin. (C) Congo red 
positive amyloid deposits in PCA patients (Congo Red stain, x200, arrow). (D) The amyloid deposits in the papillary dermis (H&E, x400, arrow).

Table 2 Comparison of Epidermal Biophysical Properties

Parameter Nape Back Shin Forearma

TEWL (g/hr/m2)

Controls (n=166) 6.62 ± 3.03 6.86 ± 2.86 7.34 ± 2.94 7.36 ±3.54

LA (n=135) 9.74 ± 2.99 10.54 ± 2.38 10.15 ± 3.12 7.13 ±3.01

MA (n=54) 9.24 ± 3.61 8.27 ± 2.48 7.50 ± 2.65 7.67 ± 2.40

Stratum Corneum Hydration (au)

Controls (n=166) 27.52 ± 6.58 27.80 ±7.04 28.54 ± 6.62 28.39 ± 6.64

LA (n=135) 20.13±5.11 18.62±5.42 18.49±5.20 28.33±6.69

MA (n=54) 21.82±5.68 21.65±4.20 24.35±4.61 27.35±5.40

pH

Controls (n=166) 5.34 ± 0.50 5.28 ± 0.48 5.19 ± 0.42 5.15 ± 0.56

LA (n=135) 5.70 ± 0.38 5.81±0.47 5.68 ± 0.44 5.19 ± 0.49

MA (n=54) 5.53 ± 0.52 5.60±0.44 5.50±0.52 5.29 ± 0.47

Sebum content (ug/cm2)

Controls (n=166) 76.36 ± 8.07 74.55±8.49 73.02±9.13 74.45±8.54

LA (n=135) 59.30 ± 7.22 56.65±6.77 57.93±7.31 74.17±5.66

MA (n=54) 61.79 ± 7.32 63.65±5.84 64.15 ±6.81 73.41±6.60

Notes: aThe measurement site was the flexor forearm, 10cm above the wrist. The forearm served as the uninvolved 
skin site in PCA patients. Data are expressed as mean ± sem. P values are indicated in Figure 2. 
Abbreviations: TEWL, transepidermal water loss; LA, lichenoid amyloidosis; MA, macular amyloidosis.
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Association of Epidermal Biophysical Properties with the Severity of Pruritus
Given the frequent association of PCA with pruritus, the study evaluated whether changes in epidermal biophysical 
properties correlated with pruritus severity. Findings revealed that TEWL and skin surface pH directly correlated with 
pruritus severity (see Figures 3A and C). Conversely, SCH levels and skin surface sebum content exhibited an inverse 
relationship with the intensity of pruritus (illustrated in Figures 3B and D).

Discussion
PCA is a persistently advancing skin disorder distinguished by the accumulation of amyloid within the skin. The 
elements that make up amyloid encompass diverse components such as keratin, APC, APOE, glycosaminoglycan, 
oligomer, actin, EF, and CF, among others.18 While extensive literature does not necessarily correlate the generation 
of amyloid components to fluctuations in water content and lipids, specific components, particularly apolipoprotein E and 
E4, have ties to lipid metabolism. Significantly, hyperlipidemia has been identified as a key associated factor for PCA 
within the Taiwanese populace.19 Our past research utilizing whole genome sequencing on a PCA family highlighted the 
LRP6 gene as a prospective causative element. This gene might possess a pivotal role in the metabolism of the amyloid 
precursor protein and the synthesis of amyloid beta protein.20

Histologically, PCA is typified by the accumulation of eosinophilic material in the papillary dermis that reacts 
positively to stains like Congo red.21 This is complemented by other features such as perivascular inflammatory 
infiltration, epidermal hyperkeratosis, and vacuolar degeneration of basal cells.22 The global prevalence of PCA hovers 
around 0.2–0.3%, with MA dominating.4 Contrastingly, our findings indicated a higher prevalence of LA at 70%, echoing 
results from earlier Chinese research.23 This may hint at the racial influences on PCA presentation. Intriguingly, our study 
found an equal distribution of PCA between genders, diverging from earlier research from regions like Southeast Asia, 
the Middle East, and South America, where females showed a higher prevalence.24,25 This discrepancy might arise from 

Figure 2 Comparison of the Epidermal Biophysical Properties among LA, MA and normal controls.(A) TEWL; (B) stratum corneum levels; (C) skin surface pH, and (D) skin 
sebum content. *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.
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variances in racial and geographic factors. Furthermore, as corroborated by previous studies,26–28 women were more 
predisposed to MA, whereas men predominantly exhibited LA. Our results concerning the age of PCA onset, averaging 
34.127 ± 8.825 years, aligned with past observations.25,28

Even though the clinical and pathological features of PCA are well charted, insights into its epidermal biophysical 
properties are sparse. In this investigation, we established modifications in these properties, namely heightened TEWL 
and skin surface pH, alongside diminished SCH and sebum content in PCA patients. The exact mechanisms steering 
these changes in PCA remain elusive. Nonetheless, existing data hint at a couple of plausible explanations. Firstly, PCA 
is characterized by keratinocyte malfunction as evidenced by signs like basal cell vacuolar degeneration and hyperker
atosis. This dysfunction can impede epidermal lipid synthesis, disrupt keratinocyte differentiation, and misregulate 
stratum corneum acidification, reshaping TEWL, SCH, and skin surface pH values.29–32 Secondly, many PCA patients 
grapple with pruritus. Scratching can damage the stratum corneum, causing a surge in TEWL and skin surface pH.33 As 
such, keratinocyte dysfunction coupled with pruritus can collectively mold the epidermal biophysical characteristics in 
PCA. Moreover, factors such as dermal inflammation and hyperkeratosis can suppress sebum secretion, culminating in 
diminished skin surface sebum levels. Our earlier research also made an intriguing observation: the intercellular spaces of 
the stratum basale in PCA patients were significantly broader than in the control group. The basement membrane zone in 
PCA lesions also showed folds and bifurcations, and the hemidesmosomes appeared discontinuous. These changes may 
underpin the observed epidermal barrier dysfunction in PCA.34

Figure 3 Correlation of epidermal biophysical properties with the severity of pruritus. The level of TEWL (A), SCH (B), PH value (C), and Surface sebum content (D) were 
correlated with the severity of pruritus, and with the increase of pruritus severity, the value of epidermal biophysical properties increased or decreased accordingly. 
Notes: Solid line represents the data analysis of the back; dotted line represents the data analysis of the shin.
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Another compelling discovery from our study is the widespread occurrence of pruritus among PCA patients. This 
could be attributed to heightened expression levels of OSMRβ and IL-31RA.35,36 Yet, PCA lesions did not show elevated 
IL-31 levels in the patient’s skin and blood when juxtaposed with control subjects. Furthermore, the expression levels of 
nerve growth factor and its receptor, tropomyosin receptor kinase A (TrkA), remained comparable between PCA patients 
and controls.36 Aside from its potential role in amyloid deposition,37 pruritus-induced scratching can aggravate the 
epidermal permeability barrier and spur cutaneous inflammation. This observation aligns with our finding that TEWL is 
directly proportional to the severity of pruritus. The nefarious loop of itching leading to barrier disruption might escalate 
epidermal hyperproliferation and cutaneous inflammation, thereby worsening PCA. Thus, strategies focusing on curbing 
pruritus and fortifying the epidermal permeability barrier could be therapeutic for PCA. Nonetheless, this hypothesis 
necessitates validation via rigorous clinical trials. To encapsulate, PCA patients indeed exhibit deviations in epidermal 
functions.

Conclusion
Our research highlights that the epidermal biophysical properties in PCA patients are compromised. To help patients 
restore the epidermal biophysical properties may be helpful to alleviate pruritus severity. However, delving deeper into 
the mechanisms responsible for this epidermal damage warrants further investigation.
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