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Association of serum melanin with immunoglobulin levels and CD4 count in occulo-cutaneous albinism.

Abstract
Introduction: The immune system plays a crucial role in defending the body against infections, autoimmune diseases, and malignancies. Individuals with albinism, characterized by melanin deficiency, may exhibit altered immune responses due to the potential immune modulatory role of melanin. Aim: This study is designed to evaluate the association of serum melanin level with some immunoglobulin levels and CD4 count in individuals with oculo-cutaneous, cutaneous, and ocular albinism in South-eastern Nigeria. Method: A total 300 individuals with albinism consisting of 100 oculo-cutaneous albinism (OCA), 100 cutaneous albinism (CA), and 100 ocular albinism (OA) participated in this study. They were aged-matched with 100 controls. Eight ml of venous blood sample was collected from each participant. Serum melanin level and immunoglobulin (IgG, IgA, IgM and IgE) levels were determined using ELISA techniques, while CD4 count was determined using Flow cytometry technique. Data generated were subjected to statistical analysis using IBM SPSS version 23. Results: There were significantly lower serum  levels of melanin and CD4 count, but significantly higher serum levels of IgG, IgM, IgA, and IgE in individuals with oculo-cutaneous, cutaneous, and ocular albinism respectively compared to controls (p = 0.000 in each case). The melanin were significantly positively correlated with IgM (r =0.237 p = 0.018) and significantly negatively correlated with IgE (r= -247 p = 0.013).  Conclusion: These results suggest that melanin deficiency may contribute to immune system dysregulation, predisposing individuals with albinism to infections, hypersensitivity, and immune imbalances.
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[bookmark: _GoBack]Introduction
Albinism is a genetic disorder characterized by a deficiency or absence of melanin production, leading to hypopigmentation of the skin, hair, and eyes [1]. While the dermatological and ophthalmological impact of albinism is well documented, recent studies suggests a potential link between melanin levels and immune function [2]. Melanin has been proposed to play a crucial role in modulating immune responses. Its deficiency may lead to altered immune functions and autoimmune disorders [3]. Immunoglobulins are essential for host defense, and work in coordination with CD4 T-cells to regulate immune activity. Studies have shown that individuals with albinism may experience immune system alterations, but there is a limited data on this association generally and particularly in an African population like Nigeria [4]. This study aims to assess the immune status of individuals with oculo-cutaneous, cutaneous, and ocular albinism in Southeast Nigeria by measuring immunoglobulin levels, CD4 count, and melanin concentration. The findings from this study could provide valuable insights into the immunological implications of melanin deficiency in albinism.
Emerging research has identified significant immunological differences in individuals with albinism compared to those with typical pigmentation. Notably, studies have reported there could be elevated levels, normal or decrease of immunoglobulins, specifically IgM, IgA, IgE, and IgG in individuals with albinism [18]. This observation suggests a potential link between melanin deficiency and immune system modulation. Elevated immunoglobulin levels (hypergamaglobulinaemia) occour when there is immune system hyper activity due to persistent antigenic stimulation [10]. In individuals with albinism under immunosuppression, this may arise due to autoimmune conditions like Hermansky-pudlak syndrome (HPS), a sub-type linked to immune dysregulation, Chronic infections compensatory immune suppressive drugs or a situation known as primary immunodeficiency syndrome [14]. Previous report show that albinism has a worldwide distribution, but is said to be more common in regions of the world closer to the equator like Nigeria with greater penetration of the sun’s ultraviolet radiation [9].
In certain hypopigmentation disorders associated with immunodeficiency, such as Chediak-Higashi syndrome and Griscelli syndrome, patient exhibit partial albinism alongside immunological anomalies. These conditions often present with normal immunoglobulin levels, though variations can occur, highlighting the complex relationship between pigmentation and immune function [8].
Materials and Methods
Study Population
Participants diagnosed with oculo-cutaneous, cutaneous, and ocular albinism were recruited from three teaching hospitals; Anambra State University teaching hospital Awka, Imo State University Teaching Hospital Orlu and University of Nigeria teaching hospital Enugu in Southeast Nigeria. The study population consists of 100 oculo-cutaneous albinism (OCA), 100 cutaneous albinism (CA), and 100 ocular albinism (OA) individuals. They were age matched with 100 control group of non-albino individuals for comparison. Participants were clinically examined and categorized based on standard diagnostic criteria for albinism.
Ethical consideration
An Ethical approval (Albf/22/may/2024) for this study was obtained from the Ethics Committee of Albino foundation of Nigeria. Only subjects who gave informed consent, approval and signed a consent form after the procedure and implications were explained to them participated in the study. Voluntary participation was ensured as each participant could withdraw from the study at any time.

Inclusion criteria for Albinism [5 ]
Ocular-cutaneous albinism was characterized by those with skin, hair and eyes hypo pigmented, characteristic skin lesions distribution, reduced visual acuity, nystagmus and strabismus. 
The cutaneous albinism was primarily characterized by hypo pigmented skin without any direct involvement of the eyes.
While Ocular albinism was characterized only by those with ocular involvement with characteristics like nystagmus, strabismus and poor visual acuity [5]
Exclusion criteria:
Pigmented health subjects without any of the characteristics listed for albinism [19].
Sample Collection and storage
Ten (10) millimeter of venous blood samples were collected from participants under aseptic conditions. Eight (8) millimeter were dispended into plain tubes and allowed to clot. It was centrifuged and serum separated into aliquots in plain specimen containers. It was stored at -20°C for determination of serum melanin and immunoglobulin. Also 2 millimeter of blood were dispensed into EDTA tubes and stored at 4oC for CD4 count estimation.

Laboratory Analysis Methods
Enzyme-linked Immunosorbent Assay (ELISA) [6] method were employed for the estimation of serum melanin level using reagent kits (supplied by Melsin Medical Company Limited, Changchun, China.) with catalog number EKHU-2227. Also ELISA method was employed in determination of serum IgG, IgM, IgA and IgE levels, using reagent kits (supplied by Abclonal Biotechnology Company. Limited, South korea,) with Catalog numbers RK00393 for IgG, RMK0048 for IgM, A24212 for IgA, and RM98004 for IgE. Flow cytometry [7] was used to determine the CD4 count.
Principle of ELISA technique;
The Enzyme-linked Immuosorbent Assay (ELISA) is an analytical technique designed to detect and quantify soluble substances such as peptides, proteins, antibodies and hormones. The fundamental principle involves on the specific interaction between an antigen and its corresponding antibody, utilizing an enzyme linked detection system to produce a measurable signal indicative of the presence and concentration of target analyte [6]. 
Principle of Flow cytometry:
The basic principle of flow cytometry was based on the passage of cells in single file in front of a laser so they can be detected, counted and sorted. Cell components are fluorescently labelled and then excited by the laser to emit light at varying wavelengths and detected by the detectors [7].
Statistical Analysis
Data were analyzed using SPSS version 25.0. The mean ± standard deviation (SD) of immunoglobulin levels, CD4 count, and melanin levels were compared between albino individuals groups and controls using independent t-tests. Pearson correlation of serum melanin, CD4 count and immunoglobulin in OCA were also analyzed. A p-value < 0.05 was considered statistically significant
RESULTS


TABLE 1
Mean±SD values of markers of Immunosuppression; IgG, IgM, IgA, IgE, CD4 count and Melanin in Ocular-Cutaneous Albino and Control.
	VARIABLES
MEAN± SD
	OCULAR-CUTANEOUS
N=100
	CONTROL
N= 100
	t-Value
	p-Value
0.05

	MEANIN(mg/dl)
Lower 95% C.I
Upper 95% C.I


Igg( mg/dl)
Lower 95% C.I
Upper 95% C.I
	3.00±0.24
2.95
3.05

16.55±1.32
16.28
16.81
	54.14±26.45
48.89
59.39

10.52±2.45
10.0328
11.0072
	  -6.793



6.099
	0.000



0.000

	
 IgM,  (mg/dl)
Lower 95% C.I
Upper 95% C.I

	
210.23±77.18
194.91
225.54
	
135.46±34.31
128.65
142.26
	   
 9.907
	
0.000

	 IgA,      (mg/dl)
Lower 95% C.I
Upper 95% C.I

	406.39±49.17
396.63
416.14

	165.60±81.88
149.35
181.84
	17.182
	0.000

	IgE,      (mg/dl)
Lower 95% C.I
Upper 95% C.I

	121.08±15.72
117.95
124.01
	72.60±15.19
69.58
75.61
	13.963
	0.000

	CD4 count(mg/dl)
Lower 95% C.I
Upper 95% C.I

	
517.84±118.29
494.36
541.31


	
748.78±128.29
723.32
774.23

	  
 -9.786
	 
0.000



TABLE 2
Mean±SD values of markers of Immunosuppression; IgG, IgM, IgA, IgE, CD4 count and Melanin in Cutaneous Albino and Control.
	VARIABLES
MEAN± SD
	CUTANEOUS
N=100
	CONTROL
N= 100
	t-Value
	p-Value
0.05

	Melanin(mg/dl)
Lower 95% C.I
Upper 95% C.I
	3.15±0.19
3.12
3.19

	54.14±26.58
48.89
59.39

	  -13.549
	0.000

	Igg( mg/dl)
Lower 95% C.I
Upper 95% C.I

 IgM,  (mg/dl)
Lower 95% C.I
Upper 95% C.I

	15.62±1.25
15.37
15.86

241.11±71.07
227.00
255.21
	10.52±2.45
10.03
11.00

135.46±34.31
128.65
142.26
	  3.406



 9.907
	0.001



0.000

	 IgA,      (mg/dl)
Lower 95% C.I
Upper 95% C.I

	413.93±29.94
407.98
419.87
	165.60±81.88
149.35
181.84
	19.707
	0.000

	IgE,      (mg/dl)
Lower 95% C.I
Upper 95% C.I

	138.17±43.90
129.45
146.88
	72.60±15.19
69.5848
75.6152
	9.626
	0.000

	CD4count(mg/dl)
Lower 95% C.I
Upper 95% C.I

	454.01±81.18
435.90
468.11
	748.78±128.29
723.32
774.23

	   -13.156
	  0.000

















TABLE 3
 Mean±SD values of markers of Immunosuppression; IgG, IgM, IgA, IgE, CD4 count and Melanin in Ocular Albino and Control.

	VARIABLES
MEAN± SD
	OCULAR
N=100
	CONTROL
N= 100
	t-Value
	p-Value
0.05

	Melanin(mg/dl)
Lower 95% C.I
Upper 95% C.I
	2.91±0.15
2.88
2.94
	54.14±26.58
48.89
59.39

	  -1.47
	0.238

	 Igg( mg/dl)
Lower 95% C.I
Upper 95% C.I

IgM,  (mg/dl)
Lower 95% C.I
Upper 95% C.I

	15.25±0.83
15.08
15.41

234.25±36.90
226.92
226.92
	10.52±2.45
10.03
11.00

135.46±34.31
128.65
142.26
	6.352



15.302
	0.000



0.000

	 IgA,      (mg/dl)
Lower 95% C.I
Upper 95% C.I

	433.00±75.74
417.96
448.03
	165.60±81.88
149.35
181.84
	16.985
	0.000

	IgE,      (mg/dl)
Lower 95% C.I
Upper 95% C.I

	111.00±2.46
110.51
111.48
	72.60±15.19
69.58
75.61
	17.479
	0.000

	CD4count(mg/dl)
Lower 95% C.I
Upper 95% C.I

	472.50±122.56
448.18
496.81
	 748.78 ±128.29
723.32
774.23


	   -2.924
	  0.061









Mean ± SD values of markers of immunosuppression (IgG, IgM, IgA, IgE, CD4 count, and Melanin) in Ocular-Cutaneous Albino and Control groups.
There were significantly lower serum levels of melanin (24.89±37.33 versus 45.14±26.58, p=0.000) and CD4 count (519.66± 118.47 versus 748.78 ± 128.94, p=0.000) in Ocular-Cutaneous Albino compared to the control. 
There were significantly higher levels of IgG (421292.04±182380.88 versus 237380.50 ± 77833.39 and p = 0.000), IgM (224.30 ± 78.97 versus 135.46 ± 34.48, p = 0.000), IgA (401.22 ± 51.49 versus 165.60 ± 82.29,p = 0.000), and IgE (118.32 ± 14.11 versus 72.60 ± 15.27, p = 0.000), (Table 1).

 Mean ± SD values of markers of immunosuppression (IgG, IgM, IgA, IgE, CD4 count, and Melanin) in Cutaneous Albino and Control groups.
There were significantly lower serum levels of melanin (3.16±0.19 versus 54.14±26.58, p=0.000), and CD4 count (454.24±82.30 versus 748.78±128.94, p=0.000) in Cutaneous albino compared to the control.
There were significantly higher serum levels of IgG (308886.24±144116.40 versus 237380.50±77833.39 and p = 0.001).  IgM (242.98±70.84, versus 135.46 ± 34.48, p = 0.000). IgA (412.74±31.01 versus 165.60 ± 82.29 and p = 0.000).  IgE (138.00±44.13. versus 72.60 ± 15.27and p = 0.000) in Cutaneous albino compared to control. (Table 2).

Mean ± SD values of markers of immunosuppression (IgG, IgM, IgA, IgE, CD4 count, and Melanin) in Ocular Albino and Control groups.
There were no significant difference in the serum levels of melanin (2.90±0.15 versus 54.14±26.58), p=0.238) and CD4 count (472.50±140.81 versus 748.78±128.94, p=0.061) in Ocular albino compared to the control.
There were significantly higher serum levels of IgG (308886.24±144116.40 versus 237380.50±77833.39,   p = 0.001).   IgM (233.5 8±37.27 versus 135.46 ± 34.48, p = 0.000). IgA (435.18±76.03 Control versus 165.60 ± 82.29, p = 0.000).  IgE (111.08±2.48 versus .60 ± 15.27, p = 0.000) in Ocular albino compared to control (Table 3).
Tables 1, table 2, and table 3 summarize the immune parameters in albino group individuals 
Versus controls. 

Correlation result table

 Table 4 :Pearson correlation of CD4 count, IgG, IgM, IgA, IgE, CD4 count and Melanin in Ocula-Cutaneous Albino.

	
	MELANIN
	CD4
	IgG
	IgA
	IgM
	IgE

	CD4 count
	R-value
	-.132
	1
	.013
	-.084
	-.026
	.084

	
	p-value
	.191
	
	.896
	.408
	.797
	.408

	
	N
	100
	100
	100
	100
	100
	100

	MELANIN
	R-value
	1
	-.132
	-.095
	-.191
	.237*
	-.247*

	
	P-value
	
	.191
	.349
	.057
	.018
	.013

	
	N
	100
	100
	100
	100
	100
	100

	IgG
	R-value
	-.095
	.013
	1
	.317**
	.248*
	-.146

	
	P- value
	.349
	.896
	
	.001
	.013
	.147

	
	N
	100
	100
	100
	100
	100
	100

	IgA
	 R-value
	-.191
	-.084
	.317**
	1
	-.158
	.195

	
	P-value
	.057
	.408
	.001
	
	.116
	.052

	
	N
	100
	100
	100
	100
	100
	100

	IgM
	R-value
	.237*
	-.026
	.248*
	-.158
	1
	-.463**

	
	P-value
	.018
	.797
	.013
	.116
	
	.000

	
	N
	100
	100
	100
	100
	100
	100

	IgE
	R-value
	-.247*
	.084
	-.146
	.195
	-.463**
	1

	
	P-value
	.013
	.408
	.147
	.052
	.000
	

	
	N
	100
	100
	100
	100
	100
	100

	
	*. Correlation is significant at the 0.05 level (2-tailed).

	
	**. Correlation is significant at the 0.01 level (2-tailed).








Correlation results

Table 4 Pearson correlation of CD4 count, IgG, IgM, IgA, IgE, CD4 count and Melanin in Ocula-Cutaneous Albino.

There were no statistically significant correlation between CD4 counts with melanin   (r= -0.132, p=0.191) and immunoglobulin (IgG= 0.013 p=0.896, IgM r-0.026 p = 0.797, IgA r= -0.084   p=0.408, IgE r = 0.84 p=0.408)
The melanin were significantly positively correlated with IgM (r =0.237 p = 0.018) and significantly negatively correlated with IgE (r= -247 p = 0.013)  
There were no significant correlation between melanin with IgG and IgA
The Immunoglobulins IgG significantly correlates positively with IgA (r = 0.317, p = 0.001) and IgM (r = 0.248, p = 0.013).  
The IgM was significantly strongly negatively correlated with IgE (r= -0.463 p=0.000) in Table 4 




Discussion
There were significantly higher serum levels of IgG, IgM, IgA and IgE in individuals with Oculocutaneous, Cutaneous, and Ocular albinism group compared to controls (p = 0.000). The CD4 count and Melanin levels serum were significantly reduced in Oculocutaneous, Cutaneous and Ocular albinism (p = 0.000), suggesting a degree of immunosuppression.
The higher significant serum levels of IgG, IgM, IgA and IgE suggests heightened immune system activation, possibly due to chronic exposure to environmental stressors such as UV radiation. The absence of melanin increases susceptibility to infections, oxidative stress, and autoimmune-like responses, which trigger excessive immunoglobulin production, which also suggest that individuals with albinism exhibit immune system alterations that may be linked to melanin deficiency [11]. The elevated IgG, IgM, and IgA levels indicate heightened immune activity, potentially due to chronic immune stimulation, increased susceptibility to infections, or autoimmune tendencies [3]. Since, albinos lack melanin protection, making their skin and eyes highly susceptible to ultraviolet (UV) radiation. UV exposure causes DNA damage, oxidative stress, and chronic inflammation, leading to persistent immune activation [16]. The immune system compensates by overproducing IgG and IgA to control inflammation and protect damaged tissues. However, IgG is involved in long-term immunity and memory responses, chronic skin infections, autoimmunity, and inflammation in albinos will lead to persistent IgG activation. Autoimmune-like mechanisms seen in some albinism syndromes contribute to elevated IgG production. IgA is crucial for mucosal defense, especially in the eyes, respiratory tract, and gut. In albinos, ocular irritation and chronic conjunctivitis increase IgA levels. Elevated IgA protects against microbial colonization in the eyes and skin [13]. Recurrent infections and impaired barrier function, will always  weakened albino  skin and ocular barriers, increasing their risk of bacterial and fungal skin infections, Ocular infections (keratitis, conjunctivitis), chronic wounds and slow healing causes the immune system to repeatedly responds to infections and give rise to IgM and IgG levels in responds to multiple infections [15]. Autoimmune dysregulation and immunoglobulin overproduction certain forms of albinism, such as Hermansky-Pudlak Syndrome (HPS), show features of autoimmune dysfunction. Hyperactive B cells produce excessive amounts of immunoglobulins (IgG, IgA, IgM), contributing to an exaggerated immune response [14]. IgG and IgA become elevated in an attempt to counteract autoimmune inflammation. Also, in allergic predisposition and IgE-mediated hypersensitivity. Albino individuals often show higher levels of IgE, due to Eczema and atopic dermatitis, allergic conjunctivitis hypersensitivity reactions to environmental allergens. The IgE tends to binds to mast cells and triggers histamine release, exacerbating inflammation [12]. The increase in IgE levels suggests a higher predisposition to allergic reactions or hypersensitivity disorders [4]. The continuous overproduction of immunoglobulins in albinos leads to immune exhaustion and functional immunosuppression..T-cell dysfunction and B-cell over activation create an imbalance, leading to immune suppression despite high Immunoglobulin levels [17]. In table 1 and 2, Oculocutaneous and Cutaneous albinos had significantly lower CD4 counts compared to controls, indicating compromised immune function. CD4+ T-cells play a crucial role in adaptive immunity. The decrease also suggests immune suppression, potentially making these individuals more vulnerable to infections and autoimmune conditions. This decrease in CD4 count in Oculo-cutaneous and Cutaneous albinism supports the hypothesis of immune dysregulation and possible immunosuppression. Melanin has been suggested to play an immunomodulatory role, and its deficiency in albino individuals could lead to altered immune responses [2]. Unlike the other groups, ocular albinos did not show a significant reduction in CD4 count as shown in table 3. Since ocular albinism affects mainly the eyes, systemic immune suppression might be less pronounced compared to oculo-cutaneous and cutaneous albinism, which involve the skin and are more exposed to external stressors.
Also there were significantly lower serum Melanin levels in Cutaneous and Oculocutaneous albinos as observed in table 1 and table 2. Melanin levels were drastically reduced in these groups, correlating with lower CD4 counts and higher immunoglobulin levels. This could be because Melanin has immunoprotective functions, including antioxidant and anti-inflammatory properties. Its deficiency could lead to increased oxidative stress, DNA damage, and immune dysregulation. In table 3 unlike other albino groups, Ocular Albinos had no significant Melanin reduction compared to controls, this might explain the fact that ocular albinism primarily affects the eyes, some systemic melanin production might still be present, offering partial immune protection.
In correlation analysis, melanin were significantly positively correlated with IgM and significantly negatively correlated with IgE showing higher melanin is linked to higher IgM levels, and negatively correlated with IgE showing higher melanin is associated with lower IgE levels. This Suggests that melanin may influence immune responses, enhancing IgM while suppressing allergic responses (IgE). The Immunoglobulins IgG correlates positively with IgA and IgM showing that these immunoglobulins tend to increase together. IgM is strongly negatively correlated with IgE indicating higher IgM is linked to lower IgE levels. This suggests IgM may help regulate or suppress IgE, which could have implications for immune balance, allergies, or autoimmune conditions.

There were no statistically significant correlation between CD4 counts with melanin   (r= -0.132, p=0.191) and immunoglobulin (IgG= 0.013 p=0.896, IgM r-0.026 p = 0.797, IgA r= -0.084   p=0.408,  IgE r = 0.84 p=0.408) as shown in table 4, suggest that CD4 count are independently regulated and do not directly affect antibody levels.

In the correlation analysis the CD4 count does not significantly influence melanin or immunoglobulin (IgG, IgM, IgA, IgE) levels. Suggesting that CD4 T-cells are independently regulated and not directly influenced by melanin concentration or antibody. This aligns with previous findings indicating that CD4 T-cells regulation is more dependent on antigenic stimulation and immune homeostasis than pigmentation [21]. However, melanin levels demonstrated a statistically significant positive correlation with IgM (P=0.018), indicating that individuals with higher melanin levels may have elevated IgM. Conversely, melanin was also significantly negatively correlated with IgE (P=0.013), suggesting that higher melanin concentrations may be associated with reduced allergic responses. These findings support the hypothesis that melanin may play a modulatory role in immune function. Melanin has been shown to possess immune-modulatory properties, including free radical scavenging, anti-inflammatory effects and modulation of cytokines release [20]. The observed statistically significant positive correlation between melanin and IgM could reflect enhanced innate immune responses. On the other hand, the negative association between melanin and IgE, an antibody involve in allergic reactions and parasitic immunity may suggest a dampening effect of melanin on hypersensitivity reactions.
Furthermore, immunoglobulin IgG was significantly positive correlated with both IgA (P =0.001) and IgM (P=0.13), indicating coordinated regulation among these immunoglobulin isotypes, likely mediated by B-cell activation pathways. This is consistent with established immunology where class-switch recombination is tightly regulated by cytokines and antigenic stimulation [22]. These findings suggest that melanin may contribute to immune system stability, and its absence could explain some immunological vulnerabilities observed in albino individuals. The observed elevations in immunoglobulin levels among individuals with albinism underscore the intricate interplay between pigmentation and immune function. Further research is essential to elucidate the underlying mechanisms and to inform clinical practices aimed at optimizing the health and well-being of this population.


Conclusion
This study demonstrates that individuals with oculocutaneous, cutaneous, and ocular albinism exhibit significant immunological differences compared to controls. The combination of elevated immunoglobulins and reduced CD4 count suggests an imbalance that may contribute to increased disease susceptibility. Also, the study highlights the critical role of melanin in immune homeostasis. Oculocutaneous and cutaneous albinos exhibit clear signs of immunosuppression (low CD4, high immunoglobulins), likely due to melanin deficiency and increased environmental exposure. Ocular albinos, having relatively preserved melanin levels, show less immune compromise. These findings suggest that melanin plays an essential role in modulating immune function, and albinos may require additional immune support and UV protection strategies. However, the need for further research into the immunological impact of melanin deficiency and potential interventions to support immune function in albino populations.
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